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THE EFFECT OF UV-C IRRADIATION ON GRAPE JUICE TURBIDITY,
SENSORIC PROPERTIES AND MICROBIAL COUNT

Peter Czako, Peter Zajdc, Jozef Capla, Viadimir Vietoris, Lenka Mar§dlkovd, Jozef Curlej,
Lubomir Belej, Jozef Golian, Lucia BeneSova, Patricia MartiSova

ABSTRACT

In this work, we investigated the effect of UV-C radiation (254 nm) on turbidity, microbial count and sensoric properties of
the grape juices treated or not treated with sulphur dioxide. The UV-C radiation is considered to be germicidal against
microorganisms. This technology is routinely used to treat drinking water. Application of this method for the purpose of
treating the wine was tested in few studies. These studies have shown a positive effect on the inactivation of
microorganisms, but they not dealt in detail with the sensory properties of grape juice after the treatment. The main idea of
using this method appears to eliminate the sulphur dioxide from wine making technology. There are people who have a
genuine allergy to sulfites, and these allergies are often linked with asthma. These people have an rapid onset of symptoms
when drinking liquids like wine treated with sulphur dioxide. In our work we have found that the application of this method
of treating the grape juice is problematic. Intensity of UV-C radiation increases the turbidity of grape juices. This effect was
observed in all grape juices with or without addition of sulphur dioxide and also in clarified or not clarified grape juices. We
found that UV-C radiation negatively affect the sensory properties of grape juices. This effect was more pronounced in
grape juices treated with SO,. The smell and taste were significantly negatively changed. Exposure of grape juice treated
with sulphur dioxide to UV-C radiation can probably lead to arising the sulphur compounds, which affects the smell and
taste of grape juices. Also, it is very likely that the negative change in taste and smell may affect the quality of produced
wines. For this purpose, we do not recommend to use UV-C treatment for the grape juice treatment. It will be interesting to
conduct a detailed analysis of the grape juices composition before and after UV-C radiation treatment.

Keywords: grape wine; UV-C; irradiation; treatment; grape juic turbidity

INTRODUCTION

The aim of this work was to investigate the effect of the
UV-C radiation on grape juice turbidity, sensoric
properties and microbial count.

Ultraviolet C (UV-C) irradiation is one of the emerging
techniques for the inactivation of microorganisms in liquid
food products, and it holds considerable promise also for
treatment of wine. This application can be of particular
interest to reduce or even eliminate the use of sulphur
dioxide as a preservative in winemaking, given its
potential health risks (Rizzotti et al., 2011).

Ultraviolet radiation involves the use of radiation from
the electromagnetic spectrum from 100 to 400 nm and is
categorized as UV-A (320 — 400 nm), UV-B (280 — 320
nm) and UV-C (200 — 280 nm) (Guerrero-Beltran and
Barbosa-Canovas, 2004).

UV-C radiation is considered to be germicidal against
microorganisms such as bacteria, viruses, protozoa, yeasts,
moulds and algae, where the highest germicidal effect is
obtained between 250 and 270 nm (Bintsis, Litopoulou-
Tzanetaki, and Robinson, 2000).

Microbial inactivation caused by UV-C (254 nm)
radiation is based on the rearrangement of the
microorganism’s nucleic acid which directly interferes
with the ability of microorganisms to reproduce (Bintsis et
al.,, 2000; Thompson, 2003; Tran and Farid, 2004;
Gabriel and Nakano, 2009).

The UV-C rays damage the structure of DNA, rendering
microorganisms incapable of reproduction. Each type of
microorganism requires a specific dose for destruction. In
general, bacteria die at doses greater than 20 mj/cm?, while
molds can tolerate up to 300 mj/cm? Germicidal
ultraviolet lamps gradually loose power with use. In order
to stabilize the quantity of rays emitted in terms of time-
surface units, the input power is increased as a function of
the length of time in use (around a total of 10,000 hours)
(Delfini and Formica, 2001).

Cleaning and disinfection are important operations in food
processing because of the significant contributions to
product hygiene and food safety. The UV-C treatment is a
physical method, which can be applied for this purpose
(Otto et al., 2011).
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Ultraviolet rays fall perpendicular to the surface being
irradiated but can not pass through any type of material,
including glass. The surfaces to be treated must be smooth
to avoid casting shadows in which microorganisms could
be protected. In oenology UVC irradiation could be used
to keep the mouth of bottles clean during transport from
the sterilizer to the bottling line, and to the corker. UV
irradiation could provide partial sanitation of metallic
capsules of corks, as well the air around the bottler and
corker (Delfini and Formica, 2001).

UV-C radiation has offered a wide spectrum of effective
inactivation of wine-associated microorganisms such as
Brettanomyces, Saccharomyces, Acetobacter,
Lactobacillus, Pediococcus and Oenococcus and therefore
may hold promise as an alternative technology to
inactivate spoilage microorganisms at different stages of
vinification in conjunction with reduced SO, levels. From
practical point of view, further studies pertaining to the
long and short term effect of UV-C radiation on the
sensorial and chemical properties of wine are imperative
(Fredericks, du Toit and Kriigel, 2011).

The application of the UV-C treatment to different grape
juice and wine samples in five diverse wineries assured the
desired decrease of viable microorganisms (Lorenzini et
al., 2010).

Microbial reduction is in correlation with the UV-C
dosage (J L"): higher microbial reductions were obtained
with exposure to higher UV-C dosages (J L'!). As a result,
the highest microbial reduction was obtained after 3672 J
L' (Fredericks, du Toit and Kriigel, 2011).

Ultraviolet treatment is performed at low temperatures
and is classified as a non-thermal disinfection method
(Tran and Farid, 2004).

The penetration effect of UV-C radiation depends on the
type of liquid, its UV-C absorptivity, soluble solids and
suspended matter in the liquid. The greater the amount of
soluble solids, the lower the intensity of penetration of the
UV-C light in the liquid (Guerrero-Beltran & Barbosa-
Canovas, 2005).

The UV-C treatment did not to alter the color and
chemical parameters of grape juice and wine, even in the
case of prolonged treatments (Lorenzini et al., 2010).

The advantages associated with UV-C radiation used as a
non-thermal method is that no known toxic or significant
nontoxic byproducts are formed during the treatment,
certain organic contaminants can be removed, no off taste
or odor is formed when treating water, and the treatment
requires very little energy when compared to thermal
pasteurization processes. Fruit juice that undergo thermal
pasteurization or sterilization tend to change color and lose
some of its aromas and vitamins during the process of
heating (Choi and Nielsen, 2005).

The usage of UV-C treatment needs aware staff and
requires clean equipments and facilities to keep must and
wine stable during storage in barrels and in bottles. Indeed,
after the treatment, the samples could be newly
contaminated by spoilage microorganisms in poorly
sanitized containers. The promising results reported here
demonstrated that physical methods, such as UV-C, an
incoming technology already commercially available,
could exert a highly positive impact in the winemaking

industry by eliminating or reducing the use of SO in the
near future (Lorenzini et al., 2010).

Unluturk and Atilgan (2015) were investigated the
effects of UV-C irradiation on the inactivation of
Escherichia coli and on the shelf life of freshly squeezed
turbid white grape juice. UV exposure was not found to
alter pH, total soluble solid, and titratable acidity of juice.
There was a significant effect on turbidity, absorbance
coefficient, color, and ascorbic acid content. The microbial
shelf life was doubled after UV-C treatment, whereas the
quality of juice was adversely affected similarly observed
in the control samples.

Scientific hypothesis
The UV-C treatment has an effect on the turbidity,
sensory properties and total viable count of grape juice.

MATERIAL AND METHODOLOGY

Grape juice samples

Grape juices (Chardonnay) samples were taken from
Chateau Malanta Vinery Company (Slovakia). The juices
were taken 24 and 96 hours after sedimentation. The sterile
5 L glass bottles were used for sampling.
Sample A: Grape juice taken after 24 hours of
sedimentation without addition of SO,
Sample B: Grape juice taken after 24 hours of
sedimentation with adidion of 32 mg L' SO,
Sample C: Grape juice taken after 96 hours of
sedimentation without addition of SO»,
Sample D: Grape juice taken after 96 hours of
sedimentation with addition of 32 mg L' SO..

Instruments and equipment

The UV-C reactor that consisted of a 1 L glass graduated
measuring cylinder, at which the 45 cm UV-C lamp 254
nm, VanGraven 40 W (light output, 15 Watt/m of lamp)
was vertically located. The UV-C lamp has been anchored
to a long rod and was fixed in the center of the measuring
cylinder. The lamp was shielded by quartz so the grape
juice would not be in direct contact with the lamp. The
reactor was placed on a magnetic stirrer.

Grape juice UV-C treatment
1 L of grape juices sample was treated: 0, 1, 10, 20 and
30 minutes with UV-C light.

Microbiological analyisis

Pour plate technique was applied on PCA to enumerate
total aerobic count, then plates were incubated at 35 °C for
48 h.

UV-C Dose and energy used for treratment
UV-C Dose was calculated following these formulas.

The surface area of the whole lamp (A) and the surface
area of the working part of the lamp (B) were calculated
according to the same formula:

Surface A and B (m?)=2rnd
Where:
r — is radius of the lamp (m),
d — is length of the lamp (m).
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Percentage of the surface of the lamp immersed in grape
juice (working part of the lamp):

C (%) =(B/A) 100

Where:
A — is surface area of the whole lamp (m?),
B - is surface area of working part of the lamp (m?),
C — is the percentage of the surface of working part of
the lamp from the whole surface area (%)

Intensity (I) of the radiation:
I(W)=(D/100)x C

Where:
D — is the total UV-C output of the lamp (W)
(according to the manufacturer 15 Watt),
C — is the percentage of the surface of working part of
the lamp from the whole surface area (%).

UV-C dose was calculated according this formula:
UV-CDose JLH)=1/Vt

Where:
I — is the intensity of the radiation (Watt),
V — is the volume of the grape juice in reactor (L),
t — is the time of the treatment (s).

Data used for calculation:

m:3.14

r:0.0125m

d : 0,58 m (length of the whole lamp)
d : 0,185 m (length of the working part of the lamp)
A:0.04553 m?

B: 0.01452 m?

C:31,8965%

D:15W

I. 47845 W

V:042L

t: 60s, 120 s, 600 s, 1200 s, 1800 s.

Calculated UV-C doses: 1 min (683 J L"), 2 min (1366 ]
L"), 10 min (68349 J L), 20 min (13670 J L")

Turbidity measurement

The intensity of turbidity was measured with
spectrophotometer Neogen 4700 (Advanced Instruments,
USA.

Sensoric analysis

The grape juice smell and taste was analysed after the
UV-C radiation treatment. We have used scale of the
intensity of foreign smell (0 — odorless, 10 — strong odor)
and scale of the intensity of foreign taste (0 — without
foreign taste, 10 — strong foreign taste). The number of
certified assessors was 7.

Reactor description

G

Figure 1 Description of the UV-C (254 nm) reactor
used in this study.

Note:

A — Power supply

B — Measuring cylinder
C — Wine

D — Quartz sleave

E - UV-Clamp (15 W)
F — Magnet

G — Magnetic stirrer

Statistical analysis

We used the statistical program Tanagra 1.4 (Lumiere
University, Lyon, France) according to Rakotomalala
(2005) for evaluation of turbidity results in relation to UV -
C treatment time. The Shapiro-Wilks test was used to test
the normality of data. Statistical analysis of turbidity
results in relation to different UV-C treatment times was
performed with one-way ANOVA for each grape juice (A,
B, C and D). We were testing the null hyphotesis Ho : u1 =
t2 = p3 = ug for main effect of factor A (grape juice
turbidity) within four groups (0, 1, 10 and 20 min UV-C
treatment). Consequently, we have used the paired
Student’s t-test for evaluation of differences among
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obtained results between groups. We have also used the
same procedure for evaluation of the differences between
grape juices (A — B and C — D). Differences between
samples were considered as statistically significant at
p <0.05. We have also performed the Principal
Components Analysis (PCA) to reducing the original data
and show position of grape juices according to the
different UV-C treatment times.

The sensoric analysis data was analysed in statistical
program Tanagra 1.4 (Lumiére University, Lyon, France).
Multiple comparison of samples was performed by
nonparametric Friedman’s test.

RESULTS AND DISCUSSION

The effect of the UV-C radiation treatment on the grape
juice microbial counts is presented in the Table 1 and
Figure 2. The effect of UV-C radiation treatment on the
grape juice turbidity is presented in the Table 2 and Figure
3. The effect of UV-C radiation treatment on the grape
juice sensory properties is presented in Table 3, Table 4,
Figure 4 and Figure 5.

The effect of UV-C radiation (254 nm) was studied to
reduce the microbial count in different grape juices with or
without addition of SO,. UV-C radiation is considered to
be germicidal against microorganisms such as bacteria
(Bintsis, Litopoulou-Tzanetaki, and Robinson, 2000).
We agree, the application of UV-C radiation reduced the
microbial count in grape juices (Table 1). In grape juice A,
an aplicaiton of 0.68 kJ L' UV-C reduced the log of
microbial count from initial log 7.37 to log 4.53, dose 6.83
k] L' to log 3.86 and dose 13.67 kJ L' to log 2.83. In
grape juice B, an aplicaiton of 0.68 kJ L' UV-C reduced
the log of microbial count from initial log 7.21 to log 3.93,
dose 6.83 kJ L to log 3.55 and dose 13.67 kJ L to log
1.33. In grape juice C, an aplicaiton of 0.68 kJ L' UV-C
reduced the log of microbial count from initial log 7.47 to
log 6.53, dose 6.83 kJ L' to log 6.00 and dose 13.67 kJ L-!
to log 4.13. The reduction of log microbial counts with
addition of SO, was more effective (Figure 2). The
microbial counts in grape juice D was reduced to log 0,
because this grape juice was sampled 96 hours after
sedimentation and was effectively treated with SO,.

Application of UV-C treatment in order to reduce
microorganism counts in clarified grape juices in small
demijohns, which are used by small producers is
questionable according to our research. Some microbial
counts can survive the treatment. The growth and spoiling
capacity of the surviving microbes should be investigated
in further research.

Lorenzini et al., (2010) found more effective method of
treatment. These authors used reactor with 40 UV-C (254
nm) germicidal lamps in series, and exploits an advanced
turbulent flow system to optimize the penetration of UV-C
and improve microbial inactivation. In their study, grape
juice and wine batches were circulated at a constant flow
rate of 4000 L.h"! by means of an eccentric screw pump
and the dosage was 1000 J L!. Also, the fluid systems
described in (Fredericks, du Toit and Kriigel, 2011) was
effective. Rizzotti et al., 2015 was applied UV-C light
treatment to ten different white and red wines during
winemaking, for the first time at industrial scale, using a
commercial turbulent flow system. The effect of 1.0 kJ L!

dosage treatment on the viability of the natural microbial
population, (total yeasts, lactic acid bacteria and acetic
acid bacteria), was investigated. Data indicated that the
UV-C irradiation was effective in reducing microbial
counts for up to five log CFU mL"!, depending on the
wine.

The main aim of our study was to determine whether the
UV-C radiation (254 nm) affects the sensory properties of
grape juices.

According to Fredericks, du Toit and Kriigel (2011)
further studies pertaining to the long and short term effect
of UV-C radiation on the sensorial and chemical properties
of wine are imperative.

Lorenzini et al. (2010) were investigated the effect of
UV-C treatment on chemical composition of grape juice
and wine. Authors of this study found, UV-C treatment did
not to alter the color and chemical parameters of grape
juice and wine, even in the case of prolonged treatments.
In contrast to our study, these authors didn't use the SO»
for grape juice treatment. Authors reported, after UV-C
irradiation no changes were observed for alcohol, reducing
sugars, glycerine content, total acidity, pH and color in all
the samples, including the red wines, which were subjected
to higher UV-C dosage. These authors didn't study the
sensory properties of treated grape juice.

In our study, we have used lower doses (0.68 kJ L' and
1.37 kJ L") and higher doses (6.83 kJ L''and 13.67 kJ L)
to study the effect of UV-C treatment on the sensory
properties of grape juice.

Unfortunatelly, we have found that UV-C treatment of
grape juice has affected the sensory properties both in
lower and higher doses.

The effect of UV-C radiation on grape juice turbidity is
presented in Figure 3. We have observed incrase in
turbidity in all UV-C treated grape juices with or without
addition of SO,. In average, an application of 0.68 kJ L-!
UV-C increased the turbidity 1.1 times, dose 6.83 kJ L-!
1.2 times and dose 13.67 kJ L' 1.3 times.

The sensory properties, the smell (Table 3) and taste
(Table 4) were changed immediately when grape juices
were treated with SO,. The sensory properties of grape
juices sampled 24 and 96 hours after sedimentation
without addition of SO, was changed slightly after 1 min
of treatment (UV-C dose 0.68 kJ L'1) and changed
markedly (p-value <0.001) after 2 min of treatment (UV-C
dose 1.37 kJ L-"). We can describe the smell and taste after
the treatment like baked and strongly simmilar to hydrogen
sulphide. This smell and taste was very unpleasant and
nasty.

The Principal Components Analysis of four grape juices
with and without addition of sulphur dioxide according to
the different UV-C treatment times is presented in Figure
6. This figure contains four groups of data that are
separated by a distance, which indicates clearly that the
UV-C radiation treatment affected the turbidity of grape
juices. The turbidity of grape juices with and without
addition of SO, was increased in relation to the length of
UV-C treatment (p <0.05). This findig is in agreement
with Hartly (2008). All the wines absorb strongly upper
end of the UV spectrum. Wavelengths of 375 and 440 nm
have been identified as critical in promoting harmful
reactions.
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Table 1 The effect of UV-C radiation treatment (254 nm) on the grape juice microbial counts.

A B C D
UV-C light Grape juice sampled Grape juice sampled Grape juice sampled Grape juice sampled
(254 nm) treatment 24 hours after 24 hours after 96 hours after 96 hours after
(min) and sedimentation sedimentation with sedimentation sedimentation with
Dose (kJ L) without addition of addition of without addition of addition of
SO2 SO: SO: SO:
CFU mL!
0 min 22 x 108 17 x 108 27 x 10° 0
0 (kJ LY 252 x 103 152 x 10° 321x10° 0
1 min 58 x 10° 9x10° 32x10° 0
0.68 (kJ L) 2x10* 80 x 10? 360 x 10* 0
10 min 26 x 102 16 x 10? 28 x 10* 0
6.83 (kJ L) 219 x 10! 103 x 10! 190 x 10° 0
20 min 9x 102 2x 10! 14x 103 0
13.67 (kJ L) 50 x 10! 23 x10° 130 x 102 0

8.00

7.00 ti

6.00 \\

" \\

4.00 e
\ -£-B

NSO
N

/

4

Log,, microbial count (CFU mL")
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0 0.68 6.83 13.67

Dose (kJ L)

Figure 2 The effect of UV-C (254 nm) radiation treatment on the grape juice microbial counts.
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Table 2 The effect of UV-C radiation (254 nm) treatment on the grape juice turbidity.

A

B C

D

UV-C light

(254 nm) treatment

Grape juice sampled Grape juice sampled Grape juice sampled

24 hours after

24 hours after 96 hours after

Grape juice sampled

96 hours after

(min) and sedimentation sedimentation with sedimentation sedimentation with
Dose (kJ L) without addition of addition of without addition of addition of
SO: SO: SO: SO:
Average values of absorbance (405 nm)
0 min 0.541 0.589 1,623 0.375
0 (kJLY cv=3.5x10° cv=2.1x10° cv=4.0x10° cv=6.0x 107
sd =0.002 sd =0.001 sd =0.002 sd =0.001
1 min 0.565 0.656 1.673 0.393
0.68 (kJ L) cv=2.1x107 cv=282x10° cv=3.7x10° cv=3.4x10°
sd =0.005 sd =0.003 sd =0.002 sd =0.002
10 min 0.654 0.749 1.808 0.415
6.83 (kJ L) cv=19x10° cv=3.5x10° cv=5.8x10° cv=2.0x10°
sd =0.001 sd =0.002 sd =0.002 sd =0.001
20 min 0.674 0.804 1.868 0.471
13.67 (kJ L) cv=13x10° cv=3.0x10° cv=7.0x10° cv=4.4x10°
sd =0.001 sd =0.002 sd =0.003 sd =0.002
Note: each measurement (n = 30).
2.000
1.800 w 1.868
1.623
— 1.600
g 1.400
Lcn 1.200
N -—A
8 1.000
& 0.800 0.743 —@0.504— D
= 0.589 0.626—"0 —® 0674 *C
S 0.600 - — — 0.654 =
fﬂ 0.400 - . ) —fl 0.471
0.375 0.393 0.415
0.200
0.000 . . . .
0 0.68 6.83 13.67
Dose (K] L'1)

Figure 3 The effect of UV-C radiation (254 nm) on grape juice turbidity.

Volume 12

No. 1/2018



Potravinarstvo Slovak Journal for Food Sciences

Table 3 The effect of UV-C radiation (254 nm) treatment on the grape juice smell.

A B C D
UV-C light Grape juice sampled Grape juice sampled Grape juice sampled Grape juice sampled
(254 nm) treatment 24 hours after 24 hours after 96 hours after 96 hours after
(min) and sedimentation sedimentation with sedimentation sedimentation with
Dose (kJ L) without addition of addition of without addition of addition of
SO: SO: SO2 SO:

Intensity of foreign smell in the grape juice (0 —9)

0 min
0,0,0,0,0,0,0 0,0,0,0,0,0,0 0,0,0,0,0,0,0 0,0,0,0,0,0,0
0kJLY
1 min
2,3,3,2,3,2,5 99919097909 4,3,2,2,3,3,3 9991909909
0.68 (kJ L)
2 min
8,9,728,8,8,7 9991909799 928,8,8,7,8,9 999790999
1.37 (kJ L)
10 min
9991909799 9991909799 9991909799 9997909909
6.83 (kJ L)
20 min
99919097909 9991909799 9991909799 999790999
13.67 (kJ L)

Note: scale of the intensity of foreign smell (0 — odorless, 10 — strong odor). The number of certified assessors: 7.

Multiple comparison of samples by nonparametric Friedman‘s test revealed there is no significant difference in 0 mins,
10 mins and 20 mins treatments among samples A,B,C and D. In 1 minute and 2 minutes treatments are significant
differences (p <0.001). This hypothesis is supported by Figure 4 and Figure 5.

Figure 4. Boxplot of sensory smell values of samples UV-C radiated by (254 nm) 1 minute treatment.
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Figure 5. Boxplot of sensory smell values of samples UV-C radiated by (254 nm) 2 minutes treatment.

Table 4 The effect of UV-C radiation (254 nm) treatment on the grape juice taste.

A B C D
UV-C light Grape juice sampled Grape juice sampled Grape juice sampled Grape juice sampled
(254 nm) treatment 24 hours after 24 hours after 96 hours after 96 hours after
(min) and sedimentation sedimentation with sedimentation sedimentation with
Dose (kJ L) addition of addition of
without addition of without addition of
SO: SO: SO SO
Intensity of foreign smell in the grape juice (0 —9)
0 min
0,0,0,0,0,0,0 0,0,0,0,0,0,0 0,0,0,0,0,0,0 0,0,0,0,0,0,0
0(kJLM
1 min
2,3,3,2,3,2,3 9909909799 2,2,2,3,4,3,5 9919909799
0.68 (kJ L)
2 min
7,8,8,8,7,8,8 9909909799 8,878,789 9919909099
1.37 (kJ L)
10 min
9,919909099 9919909799 9919909299 9919909799
6.83 (kJ L)
20 min
9,99909299 9979909399 99990999 999909799
13.67 (kJ L)

Note: scale of the intensity of foreign taste (0 — without foreign taste, 10 — strong foreign taste). The number of certified
assessors: 7.

Multiple comparison of samples by nonparametric Friedman’s test for taste attributes revealed there is no significant
difference in 0 mins, 10 mins and 20 mins treatments among samples A,B,C and D. In 1 minute and 2 minutes treatments
is significant difference (p <0.001). Visualization of effect is similar to Figure 4 and Figure 5.
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Figure 6 The PCA analysis of four grape juices with and without addition of sulphur dioxide according to the different
UV-C treatment times. The PCA 1 Axis 1 and PCA 1 Axis 2 represents the turbidity data of four grape juices after
1 min (M), 2 min (®), 10 min () and 20 min (A) treatment with UV-C. The turbidity of grape juices with and without
addition of sulphur dioxide was increased in relation to the length of UV-C treatment.

TExposure of wine to light results in what is known as
light-struck flavours and aromas. These are produced by
the initiation of chemical reactions in the wines, resulting
in the formation of sulphurous compounds with an
unpleasant smell and taste. The reactions can occur within
minutes of exposure to light and a tiny amount of the
sulphurous compounds can impart a noticeable (bad) taste
and aroma to a wine.

The subject of further investigation may be the effect of
fermentation on grape juices treated with UV-C radiation.
It would be useful to found how the changed sensory
properties of grape juice affect the final product.

CONCLUSION

The UV-C (254 nm) radiation increases the turbidity of
grape juices (p <0.001). This effect was observed in all
grape juices with or without addition of sulphur dioxide
and also in clarified or not clarified grape juices.

We found UV-C radiation negatively affect the sensory
properties of grape juices (p <0.001). This effect was more
pronounced in grape juices treated with sulphur dioxide.
The smell and taste were significantly negatively changed.
Exposure of grape juice treated with sulphur dioxide to
UV-C radiation can probably lead to arising the sulphur
compounds, which affects the smell and taste of grape
juices. Also, it is very likely that the negative change in
taste and smell may negatively affect the quality of

produced wines. For this reason, we do not recommend to
use UV-C light for the grape juice treatment. It will be
interesting to conduct a detail analysis of the grape juices
composition before and after UV-C radiation treatment in
next work.
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ANTIOXIDANT PROPERTIES OF CUMIN (BUNIUM PERSICUM BOISS.)
EXTRACT AND ITS PROTECTIVE ROLE AGAINST ULTRASOUND-INDUCED
OXIDATIVE STRESS TESTED BY MICRORNA BASED MARKERS

Katarina Razna, Nishonoy Khasanova, Eva IvaniSovd, Davranov Qahramon, Miroslav Habdan

ABSTRACT

Bunium persicum Boiss. seeds have been used for medicinal and nutritional properties such as antioxidant, antihelmetic and
antimicrobial activity. The aim of this study was to to tested protective role of cumin extract against abiotic stress by
microRNA markers. Secondary also was to evaluate antioxidant activity as well as total polyphenol, flavonoid and phenolic
acid content of cumin extract. We observed that cumin DNA itself has not been damaged by sonication teratment. This
protective impact indicates that cumin antioxidant properties can efficiently quench free radicals induced by sonication. On
the other side, ultrasound-mediated formation of reactive oxygen species did induce the DNA polymorphism of lettuce
samples which was detected by miRNAs-based markers. The range of sonication impact was time-dependent. Markers
based of miRNA-DNA sequences has proven to be an effective tool. We have confirmed statistically significant differences
(p <0.01) in miRNAs markers ability to detect the polymorphism due to sonication treatment. The antioxidant activity was
determined by a method using DPPH radical and phosphomolybdenum method, total polyphenol content with Folin —
Ciocalteu reagent, total flavonoid with aluminium-chloride mehod and total phenolic acid with Arnova reagent. Results
showed that cumin is rich for biologically active substances and can be used more in different kind of industry as a cheap
source of these substances. Antioxidant activity with DPPH method was 1.18 mg TEAC.g"!' (TEAC — Trolox equivalent
antioxidant capacity per g of sample) and by phosphomolybdenum method 45.23 mg TEAC.g"!. Total polyphenol content
achieved value 4.22 mg GAE.g"! (GAE — gallic acid equivalent per g of sample), total flavonoid content value 10.91 mg
QE.g"!' (QE — quercetin equivalent per g of sample) and total phenolic acid content value 5.07 mg CAE.g"! (CAE — caffeic
acid equivalent per g of sample).

Keywords: cumin; antioxidant; ultrasound; microRNA marker

INTRODUCTION species which can ultimately cause damage of the
Changing environmental conditions are giving rise to a products. The different applications of ultrasound in the
variety of free radicals, which plants have to deal with food industry include ultrasound and microbial
them in order to survive. Besides that, free radicals and inactivation, ultrasound in filtration, ultrasound-assisted
other reactive oxygen species (ROS) are produced in our extraction and ultrasound in enhancing fermentation
body as byproducts of various biological processes of (Bhattacharya, 2015).
metabolism (Dua et al., 2012). Reactive oxygen species, Ultrasound can result in cavitation and acoustic
such as single oxygen, superoxide ion, hydroxyl ion and microstreaming, which modifies cellular ultrastructure,
hydrogen peroxide, are highly reactive, toxic molecules, enzyme stability and cell growth. It can also cause breaks
which are generated normally in cells during metabolism in extracellular polymers, release DNA from the nucleus,
(Saeed et al., 2012). However, overproduction of ROS is decrease cell stability, alter cell membrane permeablity
also harmful to the body because they cause severe and modify charges on the surfaces of cells (Rokhina et
oxidative damage to proteins, lipids, enzymes and DNA by al.,, 2009). In biological applications, sonication may be
covalent binding and lipid peroxidation, with subsequent sufficient to disrupt or deactivate a biological material.
tissue injury (Dua et al.,, 2012). In addition to those Cells being sonicated are subjected to various stimulation
aspects, the technological methods of food processing and including mechanical, thermal, and oxidative stress (Riesz
preservation include such approaches that themselves and Kondo, 1992). A cell may sense this stimulation by
represent the source of free radicals and reactive oxygen chemical changes and special movements of molecules
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within the cell, and then convey the information to the
other parts of the cell through certain signal transduction
networks. Receiving such information, the cell may
undergo fundamental changes to respond and adapt itself
to the stimulations. By doing so, the cell may be able to
protect itself from the stimulation, repair any damage and
so on (Suslick, 1990). Ultrasound irradiation may lead to
various kinds of interactions with the living organism
depending upon the sonication conditions. Under certain
sonication conditions, it was reported that ultrasound
induced gene expression changes in cells (Abdollahi et
al., 2004; Wei et al., 2012). Ultrasound (10 — 60 kHz)
have been used to modify growth and developmental
processes in plants (Rokhina et al., 2009). Sonication also
affects the endogenous hormonal balance of treated plant
tissue or cells and thereby promotes growth and
development (da Silva and Dobranszki, 2014).

Plants contain a wide variety of antioxidant
phytochemicals or bioactive molecules, which can
neutralize the free radicals and thus retard the progress of
many chronic diseases associated with oxidative stress
(Ani et al., 2006). Natural antioxidant agents have
attracted much interest because of their ability to scavenge
free radicals (Saeed et al.,, 2012). Antioxidants are the
compounds that can delay, inhibit or prevent the oxidation
of biomolecules like lipids, proteins or nucleic acids.
Antioxidants may scavenge the free radicals or break the
chain reaction due to their redox properties (Schafer et al.,
2003). In general, there are two categories of antioxidants-
natural and synthetic. These days, interest has increased in
finding naturally occurring antioxidants for use in foods or
medicinal materials to replace synthetic antioxidants,
which are restricted due to their carcinogenicity and
toxicity (Barlow, 1990; KlimeSova et al., 2015). Naturally
occurring antioxidants in leafy vegetables, fruits and seeds
such as ascorbic acid, vitamin E and phenolic compounds
have abiliy to reduce oxidative damage associated with
many diseases including cancer, cardiovascular diseases,
cataract, arthiritis, diabetes (Saphira et al., 1989).

Cumin (Bunium persicum L.) is a flowering and annual
herb from Apiaceae family which might have originated
in the area between Central Asia and Northern India.
Cumin is a high value herbaceous spice widely used for
culinary, flowering, perfumery and carminative purposes.
One of the commonly used spices for their special
aromatic effect in food preparations that are prevalent in
Central Asia, Caucasus, Crimea. It is also used in herbal
medicine as a stimulant, carminative and astringent. Cumin
seeds have been reportedly used for traditional treatment
of toothache, dyspepsia, diarrhoea, epilepsy and jaundice
(Sultana et al., 2010). The plant type of Bunium persicum
L. varies from dwarf (30 cm) to tall (80 cm) compact or
spreading, moderately to highly branched, tuberous and
perennial herb (Panwar, 2000). The study of antioxidant
properties and antioxidant compounds of cumin (Dua et
al., 2012) indicate that polyphenol rich methanolic extract
of cumin had efficient free radical scavenging and metal
chelating activity to protect biomolecules like proteins,
lipids and DNA against oxidative stress. A significant
protection role of bitter cumin (Cuminum nigrum L.)
extract againts DNA damage induced by hydroxyl radicals
recorded Ani et al. (2005). They also tested the
antibacterial activity of cumin extract finding out that the

growth of Bacillus subtilis, Bacilus cereus and
Staphylococcus aureus was significantly inhibited. Due to
contamination of cumin seeds by microorganisms, Fatemi
et al. (2011) tested the effect of decontamination treatment
by gamma-irradiation on the chemical composition and
antioxidant properties of cumin extracts. The research
showed that total percentage of ten essential oil
components was not affected and the changes in flavonoid
content were nonsignificant. The antioxidant activities of
cumin extract were not altered by gamma-irradiation
treatment.

Emerging evidence has suggested that a class of small
regulatory RNAs, called microRNAs (miRNAs) play a
critical role in regulation of DNA damage response (Wan
et al., 2011) as a response to various biotic and abiotic
stress. Certain miRNAs are either under or over-expressed
or new miRNAs are synthesized under stress. Mostly
miRNA target genes which encodes various transcriptional
factors or functional enzymes having important roles in
abiotic stress response (Bej and Basak, 2014; Kantar et
al., 2010). Emerging evidence has suggested that miRNAs
molecules regulate the DNA damage response by a
mechanism based on the nature and intensity of damage
(Simon et al.,, 2009). Although several DNA damage
responsive miRNAs and their targets have been identified,
there is a need to establish the complex interconnections
between miRNAs and their DNA damage response targets
(Wan et al., 2011). Zhang et al. (2011) found that DNA
damage led to increased levels of some pre-miRNAs and
mature miRNAs suggesting functional connection between
DNA damage response and miRNA processing and
maturation.

The aim of this work was to study the protective role of
seed cumin extracts and its antioxidant properties on plant
DNA from lettuce as a model plant under conditions of
sonication induced oxidative stress. An oxidative stress has
been recorded on molecular level by microRNA-based
markers. Secondary also was to evaluate antioxidant
activity as well as total polyphenol, flavonoid and phenolic
acid content of cumin extract.

Scientific hypothesis

We have tested the protective role of antioxidant
properties of seed cumin extract in conbination with
abiotic oxidative stress, on DNA polymorphism. We
hypothesized that the effect of sonication-induced
oxidative stress can be recorded on molecular level by
microRNAs-based markers.

MATERIAL AND METHODOLOGY

Biological material

Cumin (Bunium persicum L.) seeds were grown in the
mountain area of Uzbekistan. They were procured from the
local market, identified and authenticated at Department of
Botany, National University of Uzbekistan.

Lettuce (Lactuca sativa L.) grown in climatic chamber
with phytotron system (Pol-Eko Aparatura KK350 Top
+Fit) of the AgroBioTech, Research Centre of the Slovak
University of Agriculture in Nitra. The plants were grown
under photoperiod 16/8 hours (day/night), temperature
21/18 °C, humidity 50% and light intensity 15,000 Ix.
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Chemicals

All chemicals for antioxidant analyses were analytical
grade and were purchased from Reachem (Slovakia) and
Sigma Aldrich (USA). Chemicals for molecular analyses
were analytical grade and were purchased from
ThermoFisher Scientific (USA), Promega (USA), Biotium
(Canada) and Microsynth (Switzerland).

Sample preparation

An amount of 0.2 g of cumin sample was extracted with
20 mL of 80% ethanol for 2 hours. After centrifugation at
4000 g (Rotofix 32 A, Hettich, Germany) for 10 min, the
supernatant was used for measurement (antioxidant
activity, polyphenols, flavonoids, phenolic acids).
Extraction as well as measurements were carried out in
triplicates.

Radical scavenging activity

Radical scavenging activity of samples was measured
using 2,2-diphenyl-1-picrylhydrazyl (DPPH) (Sanchéz-
Moreno et al., 1998). The extract (0.4 mL) was mixed
with 3.6 mL of DPPH solution (0.025 g DPPH in 100 mL
ethanol). After 10 minutes in darkness, absorbance of the
sample  extract =~ was  determined  using  the
spectrophotometer Jenway (6405 UV/Vis, England) at 515
nm. Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid) (10 — 100 mg.L'!; R? = 0.9881) was used
as the standard and the results were expressed in mg.g’!
Trolox equivalents.

Phosphomolybdenum method

Phosphomolybdenum method was realized according to
method Prieto et al. (1999) with slight modifications. The
mixture of sample (1 mL), monopotassium phosphate
(2.8 mL, 0.1 M), sulfuric acid (6 mL, 1 M), ammonium
heptamolybdate (0.4 mL, 0.1 M) and distilled water
(0.8 mL) was incubated at 90 °C for 120 min, then rapidly
cooled and detected by monitoring absorbance at 700 nm
using the spectrophotometer Jenway (6405 UV/Vis,
England). Trolox (10 — 1000 mg.L"'; R’ = 0.998) was used
as the standard and the results were expressed in mg.g’!
Trolox equivalents.

Total polyphenol content

Total polyphenol content extracts was measured by the
method of Singleton and Rossi (1965) using Folin-
Ciocalteu reagent. 0.1 mL of each sample was mixed with
0.1 mL of the Folin-Ciocalteu reagent, 1 mL of 20% (w/v)
sodium carbonate, and 8.8 mL of distilled water. After
30 min. in darkness the absorbance at 700 nm was
measured using the spectrophotometer Jenway (6405
UV/Vis, England). Gallic acid (25 — 300 mg.L'; R?* =
0.998) was used as the standard and the results were
expressed in mg.g™! gallic acid equivalents.

Total flavonoid content

Total flavonoids were determined using the modified
method of Willett (2002). 0.5 mL of sample was mixed
with 0.1 mL of 10% (w/v) ethanolic solution of aluminium
chloride, 0.1 mL of 1 M potassium acetate and 4.3 mL of
distilled water. After 30 min. in darkness the absorbance at

415 nm was measured using the spectrophotometer Jenway
(6405 UV/Vis, England). Quercetin (0.5 — 20 mg.L!; R =
0.989) was used as the standard and the results were
expressed in pug.g™! quercetin equivalents.

Total phenolic acid content

Total phenolic acids content was determined using
method of Farmakopea Polska (1999). A 0.5 mL of
sample extract was mixed with 0.5 mL of 0.5 M
hydrochloric acid, 0.5 mL Arnova reagent (10% NaNO;
+10% Na:Mo0s), 0.5 mL of 1 M sodium hydroxide (w/v)
and 0.5 mL of water. Absorbance at 490 nm was measured
using the spectrophotometer Jenway (6405 UV/Vis,
England). Caffeic acid (1 — 200 mg.L"' , R? = 0.999) was
used as a standard and the results were expressed in mg.g™!
caffeic acid equivalents.

Genomic DNA extraction and sonication
treatment

The genomic DNA (3 independent samples) was isolated
from leaves of model plant Lactuca sativa L. based on
method by Padmalatha aPrasad (2007). The
methodology of this experiment was based on Dua et al.
(2012). Genomic DNA extracted from cumin seeds (3
independent samples) was isolated by Padmalatha a
Prasad (2007) and used as a control. DNA was quantified
by NanoPhotometer™ (IMPLEN). The reaction mixture
(9 uL) contained 2.70 pg of DNA in 20.0 mmol.dm™
phosphate buffer saline (PBS) (pH 7.4) and different
concentrations of cumin extract (0.5%; 1.0% and 1.5%).
The samples were pre-incubated for 15 min at ambient
temperature. The oxidation stress was induced by
sonication of DNAs during different time periods (5, 10
and 15 minutes) in laboratory ultrasonic bath (type K-5LE,
KRAINTEK CZECH, s.r.o., Czech Republic) with the
ultrasound frequency 38 KHz and power 150 W. Each
treatment was performed in duplicates. The reaction was
terminated by the addition of loading buffer (Blue/Orange
6x, Promega) and the mixture was subjected to gel
electrophoresis in 1.5% agarose/TBE buffer run at 60V.
DNA was visualized and photographed by UV-
transilluminator (G-Box, Syngene, United Kingdom)
system to assess the DNA damage.

In the second type of experiments, the fresh lettuce leaves
(100 mg) of were incubated in 1.5 mL of 1xXPBS and
diferent concentrations (0.5%; 1% and 1.5%) of ethanolic
cumin extract, for 15 minutes and consequently the
samples were affected by sonication in duration 1, 5, 10
and 15 minutes. Each treatment was performed in
duplicates. DNA was extracted using the modified method
according to Padmalantha and Prasad (2006). In total
30 samples od DNA were extracted from leaf tissues.The
DNA concentration was quantified by the ImplenNano
Photometer® (Germany), measuring the absorbance at
260nm. The purity and integrity was assessed by the
absorbance 260/280nm ratio. And diluted then into 50
ng.uL! with nuclease-free water for PCR amplification.

microRNA molecular markers assay

Genomic DNAs isolated from lettuce leaves were
analyzed by molecular markers based on conservative
families of microRNA (miR156 and miR168). The
miRNA based markers PCR amplified in 20 pl reaction
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mixture that contained 70 ng of genomic DNA, Ix
DreamTaq Buffer (KCI, (NH4),SO4,20mmol.dm™> MgCL),
2 units DreamTaq DNA polymerase, 0.8 mmol.dm™
dNTPs, 10 mmol.dm™ of each primer and nuclease-free
water for PCR amplification. The PCR amplification
program used ‘touchdown’ method as follows: initial
denaturation at 94 °C for 5 min; 5 cycles of 30 s at 94 °C,
45 s at 64 °C with a 1 °C decrease in annealing
temperature per cycle and 60 s at 72 °C; 30 cycles of 30 s
at 94 °C, 45 s at 60 °C and 60 s at 72 °C; and a final
extension at 72 °C for 10 min.

The primers for the miRNA-based markers were
designed according to the mature miRNA sequences,
originated from the miRNA database
(http:www.mirbase.org/). Two miRNA-based forward
primers, miRNA156 (5-GTGCAGGGTCCGAGGT-3")
and miR168 (5'-CACGCATCGCTTGGTGCAGGT-3")
and one universal miRNA reverse primer (5 -CCAGT
GCAGGGTCCGAGGTA-3") were used and combined to
perform a marker assay.

PCR product were separated on 3 % agarose and 10%
TBE-Urea gels (miRNA assay) in 1 x TBE Running Buffer
at a constant power of 90 V , 120mA for 60min,
respectively at 180 V, 15 mA for 90 min. The
polyacrylamide gels were stained with GelRed™
(0.5 ng.mL") and were visualized under UV by the G-Box
electrophoresis documentation system. The DNA fragment
size was compared to 100bp Gene Ruler and in the case of
polyacrylamide gels by 10bp DNA ladder.

The DNA amplification profile by both markers was
analyzed by GeneTool software (Syngene, Germany).
Each fragment is characterized by quantity and volume of
profile in pixels. Profiles are recorded on the basis of the
set threshold value in which the analysis is carried out.

Statisic analysis

The statistical analyses were performed with the
statistical program Statgraphics (version 5.0) and the SAS
program (the SAS system v 9.2.). Results of microRNA-
based markers assay were evaluated by One-Way
ANOVA. Differences were considered significant at
p <0.01. To test differences was used Tuckey test. Results
of antioxidant activity as well as total polyphenols,
flavonoids and phenolic acids are presented as mean value
with standard deviation.

RESULTS AND DISCUSSION

Antioxidant activity
Antioxidant activity (Table 1) of tested cumin extract was
1.18 mg TEAC.g"' evaluated with DPPH method and

4523 mg TEAC.g! by phosphomolybdenum method.
Sharififar et al. (2010) tested methanolic extract of cumin
and reported strong activity with DPPH method -
45.7 ng.mL!. This authors also reported that in general,
the cumin essential oil showed higher activity than solvent
extracts from the cumin (Sharififar et al., 2010). Similarly
Chizzola et al. (2014) tested antioxidant activity of
methanolic extract of cumin and their value varied from
9.2 to 14.4 mg Trolox equivalents in the DPPH test and
from 6.1 to 10.9 mg.g! in the Fe-reduction test. In our
study we tested activity of ethanolic extract, but many
researchers also detected strong antioxidant activity of
black cumin essential oil. Shahsauari et al. (2008)
reported strong activity evaluated with DPPH methos of
this oil with value 0.88 mg.mL"' (EC50). These authors
also showed that Bunium persicum essential oil is able to
reduce the oxidation rate of the soybean oil in the
accelerated condition at 60 degrees C (oven test). Study of
Kareshk et al. (2015) showed that B. persicum essential
oil as a natural source can be used for production of new
prophylactic agent for use in toxoplasmosis. Bunium
persicum Boiss. is an economically important medicinal
plant growing wild in the dry temperature regions in Iran,
Kazakhstan and Uzbekistan with the strong potential of
widely using in different kind of industry.

Total polyphenol, flavonoid and phenolic acid
content

Total polyphenol content in evaluated cumin extract
achieved value 4.22 mg GAE.g"!, total flavonoid value
1091 mg QE.g! and total phenolic acid value 5.07 mg
CAE.g! (Table 1). Our results are comparable with
findings of Chizzola et al. (2014) which tested these
compounds in methanolic extract of cumin and total
polyphenol content in their study was between
8.7 — 14.7 mg GAE.g!, total flavonoid content between
4.3 — 9.5 mg CE.g"! (catechin equivalent). Nickavar and
Abolhasani (2009) reported a total flavonoid content of
cumin extract in value 20.2 mg.g"! as rutin-equivalents.
Seri et al. (2017) measured total polyphenol conten in
hydroalcoholic extract of cumin and found value 122.41
mg GAE.g'. These authors also published that this
hydroalcoholic extract might have therapeutic potentials in
the  prevention of  glycation-mediated  diabetic
complications. Souri et al. (2008) published total
polyphenol content in cumin in amount 214.03 +4.10 mg
GAE.100 g,

MicroRNA-based markers assay
The ultrasound is widely used tool not only in medicine,

Table 1 Antioxidant activity, total polyphenol, flavonoid and phenolic acid content in cumin (Bunium persicum

Boiss.) ethanolic extract.

Sample DPPH PM TPC TFC TPA
(mg TEAC.g") (mg TEAC.g!) (mg GAE.g") (mg QE.g™) (mg CAE.g")
Cumin
(Bunium persicum 1.18 £0.11 45.23 +2.38 4.22 +0.78 10.91 £1.63 5.07 £0.42
Boiss.)

Note: DPPH - radical scavenging activity; PM — phosphomolybdenum method; TPC — total polyphenol content; TFC
— total flavonoid content; TPA — total phenolic acid content; TEAC — trolox equivalent antioxidant capacity; GAE —
gallic acid equivalent; QE — quercetin equivalent; CAE — caffeic acid equivalent; +standard deviation.
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but its applications in food industry and agriculture are
more than significant. In addition, the thermal and
chemical effects of ultrasound could be considered as a
kind of serious environmental abiotic stress factor equal to
the impacts of the current advanced telecommunication
technologies on human beings. Therefore the research on
the impact of sonication treatment on biological subjects is
necessary. Ultrasound induces thermal, mechanical and
chemical changes on morphological, cytological and
molecular level. The ultrasound bioeffects include
formation of free radicals and reactive oxygen species
(Milowska and Gabryelak, 2007). The use of genomic
DNA as a template for fragmentation by sonication is one
of the necessary approaches prior to library construction or
subcloning for DNA sequencing (Sambrook and Russell,
2006; Lee and Abdullah, 2014). Antioxidant properties of
spices and herbs are known since ancient times and their
pharmaceutical and medicinal potential is inexhaustible
and still brings new possibilities of their use.

The protective role of cumin seed extract has been tested
both on isolated genomic DNA treated by ultrasound and
on plant tissue material effected by ultrasound during
various time points. Non-treated genomic DNA isolated
from lettuce and cumin seeds represented the control
samples. Additional control was the cumin DNA treated

with ultrasound in duration of 5, 10 and 15 minutes as the
rest of tested samples. From the Figure 1 can be seen the
effect of sonication on DNA degradation in the presence of
different concentration of cumin extract. In comparison to
non-treated control samples (CO and C1) and sonicated
samples of cumin DNA (C25, C210 and C215),
dagradation proces of DNA due to the ultrasound
treatment is visible, having increasing tendency with the
time of action. It seems that the pretreatment of DNA with
the cumin extract of various concentrations (0.5%; 1.0%
and 1.5%), does not have any impact on DNA protection
againts the damage, probably due to unsifficient of cumin
extract in these solutions. But on the other hand, it can be
observed that the cumin DNA, itself (Figure 1; C2s, C21o
and C2;5) has not been disrupt by sonication at any time
point. This protective impact of the extract indicates that
antioxidant properties of cumin seeds can efficiently
quench free radicals induced by sonication. This
corresponds to the results of Dua et al. (2012). As the
authors stated, the presence of extract equivalent to 0.5 pg
and 1.0 pg cumin in the incubation mixture could prevent
damage of DNA.

In order to analyze the impact of ultrasound-mediated
ROS formation at the molecular level more closely, we
applied the markers based on microRNA sequences, due to

Figure 1 The effect of cumin seeds extract during the sonication treatment of lettuce DNA vizualized on 1.5% agarose
gel. Note: M — DNA marker; control samples CO — lettuce DNA non-treated, C1 — cumin DNA non-treated, C2 —
cumin DNA treated with ultrasound in duration of 5, 10 and 15 minutes; samples S1, S2 and S3 - lettuce DNA in
0.5%, 1.0% and 1.5% cumin extract, treated by sonication 5 min; S4, S5 and S6 — lettuce DNA in 0.5%, 1.0% and
1.5% cumin extract, treated by sonication 10 min; S7, S8 and S9 — lettuce DNA in 0.5%, 1.0% and 1.5% cumin
extract, treated by sonication 15 min. The highlighted area shows the degree of DNA degradation.
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Figure 2 Number of DNA fragments of lettuce (Lactuca sativa L.) samples after ultrasound treatment, preceded b'y
cumin extracts pre-incubation, detected by marker miRNA156 (left) and miR168 (right). Linear lines show numbers of
DNA fragments in cotrol samples of cumin (interrupted line) and lettuce (starred line).
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their role in regulation of DNA damage response (Zhou et
al., 2007; Kruszka et al., 2012). For this reason were
pieces (approximately 100 mg) of fresh leaf tissue material
taken and prior to ultrasound treatment, they were
incubated 15 minutes in PBS buffer together with various
concentrations of cumin seed extract.

Consequently, the total genomic DNA was extracted and
loaded on 1.5% agarose gel (picture not shown). Along
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with this proccesure was DNA analyzed by miRNA-based
markers in touchdown PCR method. For these purposes
two types of miRNA families have been -chosen,
conservative miR156 and miR168. Both types of miRNAs
are considered as biomarkers of abiotic stress (Bej and
Basak, 2014; Kruszka et al., 2012; Zhou et al., 2007).
The family miR156 targets squamosa promoter binding
protein (SBP), transcription factor which is involved in
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Figure 3 An example of the the gel with the PCR products of lettuce generated by miR156 marker.
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Figure 4 An example of the profiles of miRNA-based DNA fragments in control and treated samples by the
ultrasound (US) generated by miR168 marker. Before treatment were samples incubated in solution of 1.5% cumin

seed extract.
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many biologically important processes (Barvkar et al.,
2013). One of the target sequences of miR168 family are
sequences of cytochrome P450 which is involved in a wide
range of biosynthetic reactions, which include ROS
inactivation (Kruszka et al., 2012). Based on the number
and profile of individual peaks representing DNA
fragments, we could observe more sensitive response to
applied ultrasound treatment in miR168 marker in
comparison to the marker miR156 (Figure 2) regardless to
cumin extract pre-treatment of the samples. An example of
the the gel with the PCR products of lettuce generated by
miR 156 marker shows figure 3.

The number of amplified fragments by miR168 was
doubled in comparison to miR156. This difference was
statistically significant (significance level 0.0056 at
p <0.01). More interestingly, the profile of peaks generated
by marker miR168 has been distinguished (Figure 4) and
the increasement of the marker activity has been recorded
depending on the length of the ultrasound treatment. The
extent of DNA damage may lead to activation of miRNAs
which suggest that these molecules regulate the DNA
damage response by a mechanism based on the intensity of
DNA damage (Simon et al., 2009).

In contrary, the profiles of DNA fragments generated by
marker miR156 was quite balanced (Figure 3a, b and c).
Our results correspond to observations of Kruszka et al.,
(2012), Xin et al. (2010) and Lu et al. (2005). As it has
been recorded in our previous studies (RaZna et al., 2015)
the polymorphism and expression of miR156 and miR168
markers was not only species- but also tissue- and
developmentally-specific.

Molecular effects of ultrasound can be observed on the
level physical, chemical and stress-induced changes which
arise as a result of thermal, mechanical and acoustic
axposure (Rokhina et al., 2009). With the duration of
treatment the temperature is increasing which may lead to
denaturation of proteins and this consequently interferes
with cellular machineries to repair proteins and membranes
(Bej and Basak, 2014). In response to heat stress the
miR156 and miR168 in wheat were found to be up
regulated (Xin et al., 2010). Differential expression profile
of miR156 and miR168 was studied in different plant
species under various abiotic and biotic stress factors
(Kruszka et al.,, 2012). In most of tested abiotic stress
conditions was marker miR168 up regulated.

However, in the study of Populus trichocarpa (Lu et al.,
2005) was observed that miR156 was found to be down
regulated during the mechanical stress and miR168 was up
regulated in tension-stressed tissues. As Bej and Basak
(2014) has stated in the context of response of UV-B
radiation stress-responsive miRNAs families, that their
reaction to the stress factor may be species-specific.

The results demonstrated that ultrasound at the used
intensity and frequency is inducing the polymorphic
variability at molecular level what was detected by the
miRNA-based DNA markers. This effect of ultrasound
was dependent on the duration of the treatment. Our results
are in agreement with the observation of Milowska and
Gabryelak, (2007). Juhaimi et al. (2017) studied the
effect of preultrasonic process on oil content and fatty acid
composition of black cumin seeds and found out the major
decrease in linoleic acid content after sonication for 30
minutes.

At the same time, we conducted the same type of
experiments with the incense (Boswellia sacra
FLUECKIGER) (results not shown). The antioxidant
properties as well as the DNA degradation profile due to
the ultrasound treatment have shown similar behavior.
However, significant differences in the number and profile
of individual peaks representing miRNA-based DNA
fragments, with respect to tested concentrations of cumin
extract has not been noticed. The reason for the observed
phenomenon may be caused by low level of antioxidants in
the particular sample of cumin seeds and subsequently
with an insufficient concentration of the extracts in the
solutions applied during the samples pre-treatment. The
antioxidant properties of cumin seed extract are dependent
of the total radical scavenging activity (DPPH) reflecting
the total phenolic and flavonoid content. Abdelhaliem and
Al-Hugqail, (2016) observed distinct variations in DPPH
and the content of phenols and flavonoids among and
between 11 cumin accessions. Observed variations could
be due to high variability in the substances with
antioxidant characteristics which may be induced by
diverse ecogeographical areas of cumin accessions
cultivation.

CONCLUSION

Cumin (Bunium persicum Boiss.) is very interesting
medicinal plant which contains various Dbioactive
compounds. This plant is not typically for Slovak repuplic,
but nowadays start be very popular mainly in gastronomy
due to the specifical flavour. Results in this study showed
that cumin had good antioxidant activity as well as
polyphenol composition. Nevertheless, it is clear that
reactive oxygen species, induced by sonication treatment
did cause the polymorphism at the molecular level
detected by miRNAs-stress markers, despite the co-
operation of lettuce samples and the cumin extract.
MiRNAs-based molecular markers effectively dettected
the variability at the molecular level caused by abiotic
stress factors. Specifically, the response of miR168 marker
was statistically more sensitive in comparison to miR156
marker. The results, at the same time, pointed out the fact
that the changes that took place within the molecules of
biological objects exposed to ultrasonic waves, might be
significant for food technological processes.
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CONSTITUENTS OF THE ESSENTIAL OIL IN SOL/DAGO CANADENSIS L.
FROM EURASIA

Olga Shelepova, Yulia Vinogradova, Boris Zaitchik, Alexander Ruzhitsky,
Olga Grygorieva, Jan Brindza

ABSTRACT

Hydro distilled essential oils in air-dry samples of aerial parts of Solidago canadensis L., (Asteraceae) from eight local
invasive populations were investigated by GC-MS analysis. A comparative study on quantity and composition of the
essential oils obtained from plants, growing in different ecological and climatic conditions, ontogenesis phase and different
plant organs was carried out The major compounds detected in oil samples of S. canadensis were a-pinene (1.3 — 61.27%),
limonene (0.5 — 22.5%), bornyl acetat (3.4 — 29.8%) and germacrene D (1.8 — 39.2%). Samples from inflorescences
contained the maximal percentage of monoterpene hydrocarbons, while the leaves' samples showed the maximal
cumulative percentage of sesquiterpene and monoterpene hydrocarbons. Data obtained from our studies confirm the
availability of alien invasive species Solidago canadensis for medicine and many other purposes. The variability of the
qualitative and quantitative composition of essential oils in different geographical locations will allow futher selection of

form containing the maximum amount of active substances.

Keywords: Solidago canadensis; essential oil; terpenes

INTRODUCTION

Nowdays alien invasive plants spread in the secondary
distribution range in mass and can displace native species
especially in the antropogenically transformated sites. The
resource potential of these «new species» didn’t studyied
in detail yet. The direct and indirect effects of occurrence
of invasive plants on food production and other positive
externalities of its appearence have been analysed only for
a few species (Fehér et al.,, 2016). In this regard not
without interest is genus Solidago L. that comprises about
100 species, five of them occurring in the Old World.
Solidago virgaurea L. is the only one native for Eurasia.
The other four — S. canadensis L., S. gigantea Ait., S.
rupestris Raf. and S. graminifolia (L.) Salisb. (=Euthamia
graminifolia (L.) Nutt.) are of North American origin
(Vinogradova et al., 2010). S. canadensis and S. gigantea
are the invasive plants, widely distributed in Russia and
almost all European countries. The plant material of
medicinal usage, known as Herba Solidaginis, includes S.
virgaurea, S. gigantea and S. canadensis (Kalemba and
Thiem, 2004). This material, its extracts and derivatives
serve as components in many medications, applicable
while treatment of the urinary tract and prostate diseases.

S. canadensis is used in medicine for treatment of several
diseases. The flowers contain analgesic, astringent,
febrifuge compounds, infusion of the dried powdered herb
is used as an antiseptic agent and root is applied as
poultice to burns (Moerman, 1998). The species has been

used in European phytotherapy for over 200 years for
treatment of chronic nephritis, cystitis, urolithiasis,
rheumatism and as an antiphlogistic drug (Apati et al.,
2003). The chemical composition of the essential oil in S.
canadensis is poorly known. The essential oils obtained
from fresh green parts, dried aerial parts, inflorescences,
leaves and roots of S. canadensis collected from Poland,
India, Egypt and China were previously investigated
(Kalemba et al., 1990; Weyerstahl et al., 1993; Xia et
al.,, 1999; Mishra et al., 2010, 2011; El-Sherei et al.,
2014). Results of those investigations showed that
inflorescences of S. canadensis yielded 1.7%, 0.9%
(leaves), and 0.2% (steams) of the essential oil. This oil
contains 85% hydrocarbons and 15% terpenoids. Earlier,
a-pinene, limonene, bornyl acetate, germacrene D,
myrecene and y-cadinene had been identified.

It is known that essential oils have antibacterial,
antifungal, antioxidant (Baratta et al. 1998; Burt, 2004;
Bounatirou et al., 2007), antimycotic (Arras and Grella,
1992), antiparasitic (Pandey et al., 2000), antitoxigenic
(Juglal et al., 2002), and insecticidal (Konstantopoulou
et al., 1992) properties. Essential oils can be used as
natural preservative in the food industry too (Petrova et
al., 2015; Foltinova et al., 2017). For example, essential
oil as an potential sources of antimicrobial ingredients are
applied for chicken thighs meat treatment (Kac¢aniova et
al., 2016). Essential oils can be used as well for the control
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of plant pathogens such as Aspergillus niger and
Aspergillus tubingensis (Cisarova et al., 2016).

Scientific hypothesis

The major goal of this work was the determination
chemical composition of the essential oils and the
characterization essential oil chemical polymorphism of
S.canadensis invasive populations from Eurasia.

MATERIAL AND METHODOLOGY

Locating plants and data collection

The specimens of S. canadensis (Figure 1) were collected
in eight local invasive populations from Austria, Ukraine,
Kazakhstan and Russia (Moscow, Penza, Tver and Tula
regions) geographically distant from each other (Table 1).
The specimens were collected both at vegetative and
flowering buds' formation phases (June — August 2015).
For the purpose of phytochemical analysis, one to three
specimens (all the aerial shoots) were sampled within
0.2 m?> — patches in all the examined local populations,
simultaneously ~with collection of the herbarium
specimens. The herbarium specimens are kept in the
herbarium of Main Botanical Garden RAS (MHA).

Chemicals

Various reference chemicals used in this study were
obtained from Sigma Chemical Co. (St Louis, MO, USA).
All other chemicals used in this study were purchased

T ‘

Figure 1 Solidago canaensisL. in the Moscow district, photo by Yu.Vinogradova, September 2016.

from Merck (Darmstadt, Germany).

Methods of the Essential Oil Composition Study
Essential oil was obtained from an average sample of
aerial parts (leaves, inflorescences and a mixture of
inflorescences and leaves) of plants. The oil was extracted
from chopped air-dried material by hydrodistillation
according to Ginzberg (1932). Qualitative composition of
the oil was determined by gas chromatography at the
Center for Collective Use of the Federal Research Center
“Fundamentals of Biotechnology”, Russian Academy of
Sciences, Moscow (RFMEFI62114X0002), using a
Shimadzu GS 2010 gas chromatograph with a GCMS-QP
2010 mass detector and SPB-1 nonpolar column (solid-
phase-bound methyl silicone) (Supelco, Sigma-Aldrich
Corporation) with the length of 30 m and diameter of
0.25 mm. The samples were dissolved in benzene at a ratio
of 1 : 150 and chromatographed with the temperature-
programming mode under the following conditions:
injector temperature, 180 °C; interface, 205 °C; detector,
200 °C. The carrier gas was helium. The flow through the
column was 1 cm3/min and flow division was 1 : 10. Mass
detector settings: logging mode, TIC; mass range, 30 — 400
m/z. The temperature regime for the substances with the
retention index of 1300 consisted of the thermostat at
60 °C for 3 min; then, 2 °C.min' until 230 °C; and
isotherm for 2 min. The temperature regime for the
substances with a retention index higher than 1300

S

Table 1 Examined invasive populations of Solidago canadensis L.

Specimen Locality Content
of essential oil, %
M-1 Moscow, Main Botanical Garden RAS, phase of vegetation (leaves) 0.7
M-2 Moscow, Main Botanical Garden RAS, phase of blooming (leaves) 0.1
M-3 Moscow, Main Botanical Garden RAS, phase of blooming (inflorescens) 0.4
Ms Moscow region, Krasnogorsk district (N 55°48'; E 37°18") 0.3
As Austria, Urban district of Vienne (N 48°11'; E 16°18") 0.4
Tv Tver’ region, Kimru district (N 56°51'"; E 35°54") 0.1
Pz Penza region, Zemetrino district (N 53°50'; E 42°62") 0.4
Kz Kazakhstan, Urban district of Alma-Ata (N 43°15'; E 76°54") 0.2
Bs Altaj region, Bijsk district (N 51°38'; E 84°30") 0.3
Sh Sakhalin region, Urban district Yuzhno-Sakhalinsk (N 46°57'; E 142°44") 0.3
Uk Ukraine, Kiev region, Mironovka district (N 49°38"; E 30°57") 0.2
Tl Tula region, Venevo district (N 54°51'; E 38°35") 0.4
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consisted of the thermostat at 60 °C for 1 min; then,
4 °C.min! until 230 °C; and isotherm for 2 min. The
percentage composition of the oils was computed by the
normalization method from the GC peak areas, which were
calculated as mean values of two injections of each oil
sample, without using response factors. The identity of the
components was assigned by comparison of their retention
indices, relative to a C9 — C17 hydrocarbon standard
mixture.

Statistical analyses

Results are expressed as mean of triplicate trials. Data
were analyzed by one-way analysis of variance (ANOVA)
on the means of values (p <0.05). The essential oils
composition was used to determine the relationship
between the different samples by cluster analysis using
PAST 2.17.

RESULTS AND DISCUSSION

Essential oil contents of S. canadensis varied between
0.07 and 0.70%. Accumulation of essential oil of this
species depends on the ecological and climatic conditions
of growth, ontogenesis phase and testing plant's organs.

The maximum content of oil was found in the leaves
collected at vegetative phase (0.7%). Inflorescences
collected at flowering buds' formation phase yielded more
oil than the leaves (Table 1).

The trace amount of essential oil (0.1%) was recorded in
the plants at the northernmost collection point- Tver
region, Kimry district; the maximal quantity (0.4%) — in
the plants from three local invasive populations (As, Pz
and T1).

Qualitative and quantitative variations in the oils'
composition in leaves, inflorescences and aerial parts for
all the specimens collected were observed (Table 2, 3).

In the composition of essential oil 63 components were

identified. Mono- and sesquiterpene hydrocarbons were
dominant in all the oil samples. Among the monoterpenes
dominated a- and [-pinene, B-myrcene, limonene and
bornyl acetate; sesquiterpenes — germacrene D, o- and f-
caryophyllene, B-elemene. The remaining components of
these classes were encountered in small amounts.

Composition of the essential oil significantly varies
within different phases of plants ontogenesis (Table 2).
During the vegetative period the monoterpene and the
sesquiterpenes contents in leaves decrease from 80 to 20%
after the flowering stage; oxygenated monoterpenes
increases from 7% to 30%, respectively. Within a
vegetatitive phase (before flowering) the major
components of essential oil of leaves are o-pinene —
28.1%, germacrene D — 39.2%, bornyl acetate — 7.3%,
limonene — 7.0%, B-myrcene — 7.3%. At the flowering
buds' formation phase amount of essential oil in the leaves
decreased to 0.10% and the main components' proportion
changed (a-pinene — 1.3%, germacrene D — 16.6%, bornyl
acetate 29.8%, limonene — 0.5%, B-myrcene — 0.2%). The
inflorescences contain 0.4% essential oil and the major
component is a-pinene — 61.2%, limonene — 13.7% and
bornyl acetate — 8.5%.

The composition of essential oil significantly varies in
aerial parts of S. canadensis, depending on the
geographical locality of the invasive population, too. The
monoterpene hydrocarbons were significantly higher in all
the samples compared to sesquiterpenes.

Mostly quantitative rather than qualitative variation was
observed in all the essential oils analyzed. The percentage
of monoterpene hydrocarbons was higher in samples Pz,
Ms, As, Tv, Uk and TI (64 — 85%) compared to those of
Kz, Bs and Sh (46 — 54%). a-Pinene (12.6 — 55.4%), B-
pinene (0.7 — 5.4%), P-myrecene (1.8 — 6.9%) and
limonene (6.4 — 22.5%) were the major monoterpenes in
all the samples. The sesquiterpenes: germacrene D (3.0 —

Table 2 Essential oil composition (%) of the leaves and inflorescens Solidgo canadensis L.within different phases of

plant's ontogenesis.

Compounds RI  Leaves, phase of Leaves, phase of blooming Inflorescens, phase of blooming
vegetation (M-1) M-2) (M-3)
Monoterpene
o-Pinene 928 28.1 1.25 61.2
Camphene 940 0.99 0.13 1.40
Sabinen 960 0.53 - 0.91
p-Pinene 965 2.75 0.17 3.25
p-Myrcene 976 7.28 0.20 2.28
o-Phellandrene 989 1.47 - -
Limonene 1016 6.98 0.52 13.7
a-Campholenal 1105 0.33 1.60 1.06
Bornyl acetate 1270 7.34 29.8 8.49
Sesquiterpene
p-Elemene 1477 1.05 0.71 -
p-Caryophyllene 1483 0.46 0.45 —
a-Caryophyllene 1492 0.30 0.39 -
Germacrene D 1497 39.2 16.6 1.81
p-Eudesmene 1499 0.18 1.13 0.23
Aromadendrene oxide 1557 - 1.74 0.15
Caryophyllene oxide 1571 - 2.50 -
Spathulenol 1603 0.17 2.97 —

Legend: RI — retention index relative to Co-C;7 n-alkanes on SPB-1 column (Supelco); M-1, M-2, M-3 — Moscow, Main

Botanical Garden RAS; «—» — component is not present.
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Figure 2 Dendrogram obtained by cluster analysis of the percentage composition of essential oils from the Solidgo
canadensis L. samples examined. For abbreviations, see Table 1 and the text.

Table 3 Essential oil composition of Solidgo canadensis L. (%).

Compounds RI Ms As Tv Pz Kz Uk Tl Bs Sh
Monoterpene
a-Pinene 928 41.6 43.6 25.1 52.4 12.6 30.0 24.3 14.1 13.8
Camphene 940 1.28 1.70 0.97 0.75 0.94 1.07 0.97 1.22 0.20
Sabinen 960 0.62 0.78 0.42 0.96 1.23 0.46 0.32 0.39 0.28
p-Pinene 965 3.52 5.36 2.48 4.73 3.91 4.20 2.42 3.62 0.71
B-Myrcene 976  6.38 1.82 4.10 1.12 4.88 6.90 2.60 4.88 2.29
Limonene 1016  22.5 10.7 6.42 20.3 19.7 15.4 17.3 18.1 17.5
o-Campholenal 1105 0.39 0.68 1.37 0.31 0.19 0.21 0.83 0.49 0.32
Bornyl acetate 1270  8.34 7.87 26.3 3.35 10.9 8.71 15.2 9.40 11.8
Sesquiterpene
p-Elemene 1477  0.60 0.50 0.82 0.21 0.67 - 0.83 0.20 -
p-Caryophyllene 1483  0.56 1.09 0.66 0.61 0.93 1.41 0.77 018 0.64
a-Caryophyllene 1492  0.44 0.28 0.39 0.21 0.56 0.51 0.43 0.24 0.55
Germacrene D 1497  8.67 14.9 2.98 10.3 31.8 24.0 159 324 36.2
B-Eudesmene 1499 047 0.35 0.36 - 0.24 0.20 0.59 0.12 -
Aromadendrene oxide 1557  0.31 0.20 1.45 0.34 - 0.40 1.78 - 0.67
Caryophyllene oxide 1571  0.51 0.88 4.17 - 1.23 0.46 2.34 0.32 0.11
Spathulenol 1603 — — 2.33 0.28 0.46 0.11 1.39 0.83 1.31

Note: RI — retention index relative to Co-Ci7 n-alkanes on SPB-1 column (Supelco); «—» — component is not present.

36.2%), a- and P-caryophyllene (0.4 — 1.9%), B- and
v-elemene (0.2 — 1.8%) were present in all the oil samples.
Oxygenated compounds, especially bornyl acetate (3.4 —
26.3%) showed their highest percentage in all the samples.
Cluster analysis (Figure 2), confirmed a high chemical
correlation among all populations (Scorr >0.80%). Two
clusters were defined in the bases of the amount of
monoterpenes and germacrene D. In cluster 1, which
included 6 out of the 9 samples, germacrene D ranged
from 3 to 24%, whereas the three sample of cluster 2
showed a higher percentage (32 — 36%). Correlation was
detected between the clusters and the geographical
collection site. The most part of samples the essential oils
studied belonged to the "European" chemotype. And only
the three samples (Kz, Bs, Sh) belonged to the "Asian"
chemotype. Sub-cluster a has a relative amount between
15.9 and 24.0%, sub-cluster b between 8.7 and 10.3% and
sub-cluster ¢ (Tv) has the lower relative amount (3%). No

significant correlation was detected between the clusters
and the geographical collection site (p = - 0.35, r= 0.49).
The presence of germacrene D as the major component in
overwhelming majority oil samples is in agreement with
the previous reports on its occurrence as a major
constituent in the oils obtained from the fresh green parts
(23.8%), leaves (28.4 and 64.06%) and fresh flowers
(29.5%) of S. canadensis collected from Poland (Kalemba
et al.,, 1990; Weyerstahl et al.,, 1993; Kalemba and
Thiem, 2004), China (Xia et al., 1999), India (Mishra et
al., 2010, 2011) and Egypt (El-Sherei et al., 2014),
respectively. On the contrary, y-cadinene previously
identified as main constituents (27.1 and 12.7 — 20.4%) in
the aerial parts and fresh flowers of S. canadensis collected
Poland and Egypt during the flowering stage (Kalemba et
al., 1990; Weyerstahl et al., 1993; Kalemba and Thiem,
2004; El-Sherei et al., 2014) was not detected in our oil
samples. Moreover, all the samples collected in Poland,
India and Egypt lacked bornyl acetate while the latter was
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identified in considerable amounts (3.4 — 26.3%) in the oil
of aerial parts of the plants, collected in Russia, Austria,
Ukraine and Kazakhstan.

CONCLUSION

There is a great potential in finding new antimicrobial
drugs from the wild. Natural crude drug extracts and
biologically active compounds obtained from plant species
used in traditional medicine can be prolific resources for
new drugs. Moreover, according to literature, some
monoterpenes and sesquiterpenes as o-pinene, myrcene,
limonene and germacrene D have cytotoxic effects against
different cell lines. We can support usage of such natural
products as potent preservative agents, as well as possible
candidates for new medical preparations. Data from our
studies confirm the availability of Solidago canadensis: its
aerial part containes from 0.1 to 0.7% of essential oil in the
leaves and from 0.1 to 0.4% of essential oil in the
inflorescens. The major compounds detected in oil samples
of S. canadensis were a-pinene (1.3 — 61.27%), limonene
(0.5 —22.5%), bornyl acetat (3.4 — 29.8%) and germacrene
D (1.8 — 39.2%). Samples from inflorescences contained
the maximal percentage of monoterpene hydrocarbons,
while the leaves' samples showed the maximal cumulative
percentage  of  sesquiterpene and  monoterpene
hydrocarbons. The wvariability of the qualitative and
quantitative composition of essential oils in different
geographical locations will allow futher selection of form
containing the maximum amount of active substances.
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ASSESSMENT OF THE PHYSICOCHEMICAL AND BACTERIOLOGICAL
QUALITIES OF NONO - A FERMENTED COW MILK

Pius Abimbola Okiki, Comfort Adetutu Adeniji, Oluwadunsin Adedeji Oyetunji,
Omosolape Aminat Yusuf, Omolara A. Peters

ABSTRACT

Nono is a spontaneously fermented yoghurt-like milk product consumed is a staple food commodity in parts of the Sub-
Saharan West Africa. Nono is usually consumed along with ‘Fura’ as ‘Fura da Nono’ in Nigeria. Studies on
physicochemical and bacteriological qualities were carried out on samples of Nono obtained from 5 different sources in
Ado-Ekiti, Nigeria. The Nono samples were found to be nutritious, containing moderate levels of ash, crude fat, crude
protein and carbohydrate. The pH of the Nono samples was relatively low (4.04 £0.04), while the density and specific
density were close to that of distilled water at room temperature. Total aerobic plate count of Nono samples was
1.8 +0.02 x 106 CFU.mL'. A total of 15 bacteria species namely Eubacterium nodatum, Bacillus subtilis,
Chromobacterium violaceum, Propionibacterium acnes, Amycolatopsis benzotilytica, Tropheryma whipplei, Moraxella
catarrhalis, Campylobacter gracilis, Neisseria sicca, Vibrio natiensis, Photobacterium damselae, Corynebacterium
kutsceri, Corynebacterium xerosis, Lactobacillus fermentum and Lactobacillus casei were isolated from the Nono samples.
The gram-positive bacterial isolates were resistant to all antibiotics tested with the exception of Erythromycin where 40%
susceptibility was obtained, while the gram-negative bacteria showed high resistance to the tested antibiotics, but with 80%
susceptibility to Ofloxacin. The nono samples were observed to exhibit antibacterial activity against cultures of Salmonella
typhimurium ATCC 14028, Escherichia coli ATCC 29929 and Staphylococcus aureus ATCC 29293. Most of the bacteria
isolated were of less public health importance, but the high prevalence of multi-drug resistance is of great concern.

Keywords: Nono; fermented milk; nutrition; antibiotics resistance

INTRODUCTION

Milk has been preserved since early times by

period of 24 to 48 hours under the ambient temperature
(28 £2 °C). Fermentation of milk is spontaneous (with its

fermentation techniques. Asia, Africa, the Middle East,
Northern and Eastern Europe are known for the production
of traditionally fermented milk products (Savadogo et al.,
2004). Nono is a spontaneously fermented yoghurt-like
milk product consumed as a staple food commodity in
parts of the Sub-Saharan West Africa. Its production and
consumption gives economic benefits such as food
security to the rural people in the region (Akabanda et al.,
2010).

Nono is produced by Fulani women in Nigeria. The
Fulani is an ethnic group in northern Nigeria with the
tradition of earning a living from cattle rearing and sales,
but they are found all over the country. Cattle rearing is an
integral part of the culture of this group of people. They
produce their fermented milk, ‘Nono’, for sales by
traditional methods. Fresh cow milk is collected in the
morning in calabashes, sieved and left to ferment for a

own natural bacteria). The curd separates from the whey,
the curd is removed and used in the preparation of local
cheese or butter, while the milk (whey) is left to ferment
further for some few hours thereby converting it to yogurt-
like (Akabanda et al., 2010). Fermentation span varies
from one producer to another resulting in products of
variable quality and stability. The finished product — nono
is sold in beautiful calabashes along with Fura (dough of
boiled ground millet mixed with a host of other ingredients
and spices) as ‘Fura da Nono’ (Figure 1).

The milking process, production and marketing of nono
is not appealing to some people, especially the elites,
because of the the quality of the water commonly used, the
feeding methods of the cows, and above all the processing
environment. Sanitary practices are essential in milk
processing so as to minimize the risk of infection to people
through consumption of milk products (Chan et al., 2007).
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Figure 1. Fulani woma displaying nono (Dobby’s Signature.com, 2014).

Common bacterial flora of fermented milk are the Lactic
Acid Bacteria (LAB) which among others comprises of
Lactobacillus  lactis, L. bulgarius, L. helvericus,
Leuconostoc species, Streptococcus thermophilus, S. lactis
and S. cremoris; as well as the Propionic Acid Bacteria
(PAB). Most coliforms inhabit the intestines of warm-
blooded animals and are shed along with their faeces to
living environments. Many other food borne pathogens
equally originated from faecal contaminations (Congan,
1995).

Pathogenic bacteria are not supposed to be present in any
successfully fermented dairy product because of heat
treatment and low acidity of the product. Their presence in
these products is sign of re-contamination. The occurrence
of Enterococcus species, coliforms, Salmonella species,
Clostridium species and Bacillus species is a sign of re-
contamination (Ledenbach and Marshall, 2009).

Milk products have been frequently implicated in the
transmission of diseases such as tuberculosis, brucellosis,
diphtheria, scarlet fever and gastroenteritis. This is as a
result of contaminations by the implicated human
pathogens (Bryan et al., 1988). The contamination could
be attributed to three reasons. Firstly, the wide distribution
of coliform in nature which predisposes products to
contamination before and after pasteurization; secondly,
conditions of storage and thirdly, some enteric pathogen
may be disseminated by dairy products gotten from an
infected animal (Ledenbach and Marshall, 2009).

Quality and safety or raw cow’s milk have to be regularly
controlled (Zajac et al., 2012).

Scientific hypothesis

There has been many contradicting reports on the safety
of Nono consumption. But nono is believed to be safe for
human consumption, hence the popular demand for this
fermented milk product. The present study investigates the
quality and safety of nono with the following objectives of

MATERIAL AND METHODOLOGY

Collection of Samples

Samples of nono were purchased from 5 different
locations in Ado-Ekiti, Nigeria, and brought in sterile
bottles to the Microbiology Laboratory, Afe Babalola
University, Ado-Ekiti, Nigeria, for analysis.

Physicochemical analyses of nono

Proximate nutrient composition and some other physico-
chemical properties such as pH, density and specific
density was carried out according to the Association of
Official Analytical Chemists (2000).

Isolation of aerobic organisms from nono

The Pour-plate technique was used for primary isolation
of aerobic bacteria. Following serial dilution of the nono
samples, 1 mL each of 10 and 107 dilutions were evenly
spread on freshly prepared nutrient agar (Oxoid, England),
in du regulatory microbial criteria for raw cow milk
plicates and incubated at a temperature of 37 C for 24
hours. Bacterial load were estimated, and distinct colonies
were picked and sub-cultured on nutrient agar plates.

Isolation of lactic acid bacteria from nono

This was carried out as described by Ibrahim and Nural
(2016), 1 mL each of 10™* and 107 dilutions of Nono was
evenly spread on freshly prepared deMan, Rogosa and
Sharpe agar, MRS (Oxoid, England), distinct colonies
were picked and sub-cultured on nutrient agar plates.

Characterization and identification of isolates

All isolates were characterized using standard
morphological and biochemical tests as described by
Barrow and Feltham (1993). Bacterial isolates were
identified using online bacterial identification application
(Gideon informatics, 1994-2017), with reference to
Bergey’s Manuals (Brenner, et al., 2005a,b, Vos et al.,
2009, and Krieg et al., 2010).

the study:
i Determining the physicochemical qualities of the
nono
il. Assessing for bacteria of public health importance
in nono samples
iii. Evaluating the probiotic potential of nono.
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Antibiotic susceptibility test of bacterial isolates
from nono

The susceptibility of the isolated aerobic bacteria to
antibiotics was determined by Kirby-Bauer disc diffusion
method on Mueller-Hinton agar (CLSI, 2016). This test
was carried out by making an even spread of the pure
isolates on prepared Mueller-Hinton agar (Oxoid,
England) using sterile swab sticks and aseptic placement
of the antibiotic disks (Oxoid, England) using sterile
forceps. The plates were incubated at 37 'C for 24 hours
after which the zone of inhibition was measured and
interpreted according to Clinical Laboratory Standards
Instituite (CLSIL, 2016). Antibiotics used are; Augumentin,
AUG (30 ng), Ofloxacin, OFL (5 pg), Ampicillin, AMP
(30 ng), Ciprofloxacin, CIP (5 ng), Gentamicin, GEN (10
ng), Ceftazidime, CAZ (30 pg), Nitrofurantoin, NIT (300
pg), and Cefuroxime, CXM (30 ug), for gram negative
isolates; and Streptomycin, STP (10 pg), Ampicillin (30
pg), Cloxacillin, CLX (5 pg), Tetracycline, TET (10 ug),
Chloramphenicol, CHL (10 pg), Erythromycin, ERY (5§
ug), Penicillin, PEN (10 pg), and Gentamicin (10 pg), for
gram positive isolates.

In-vitro antibacterial activities of nono

The in-vitro antibacterial of nono was carried out by agar
well diffusing assay with Mueller-Hinton agar (Oxoid,
England) as described by Clinical and Laboratory

Table 1 Physicochemical qualities of Nono.

Standards (2016). Nono was centrifuged and the
supernatant was tested against Salmonella typhimurium
ATCC 14028, Escherichia coli ATCC 29929 and
Staphylococcus aureus ATCC 29293. Each test was
performed in triplicate.

Statisic analysis
All data were expressed as mean + Standard deviation.

RESULTS AND DISCUSSION

Nutritional quality of nono

The Nono samples were found to be nutritious,
containing moderate levels of ash, crude fat, crude protein
and carbohydrate (Table 1). The pH of the nono products
was relatively low (4.04 +£0.04), while the density and
specific density were close to that of distilled water at
room temperature (Table 1). The low pH value of 4.04 has
the ability to inhibit spoilage microbes, as well as giving
Nono its sharp taste. The pH values obtained in this study
is in consistent with pH values of 4.1 — 4.4 reported earlier
by Bankole et al. (1992) from Nono samples obtained
from Zaria, Northern Nigeria.

Bacteriological quality of Nono

Aerobic plate count (bacterial load) of 1.8 +0.02 x 10°
CFU.mL"! (6.26 logo CFU.mL") was recorded in Nono in
this study. The bacterial load reported is slightly higher

Analyte Value +SD
pH 4.04 £0.03
Density (g.mL") 0.96 +0.01
Specific density (g.mL") 0.97 £0.01
Moisture (%) 90.88 +0.04
Ash (%) 3.81 £3.67
Crude Fiber (%) ND

Crude Fat (%) 1.35 £0.07
Crude Protein (%) 2.88 +0.78
Carbohydrate (%) 0.92 £0.16
Energy (Kcalkg") 230.25 +3.04

SD — Standard Deviation.
ND — Not Detected.

Gram positive bacteria

100% ~
90% -
80% -
70% -
60% -
50% -
40% -
30% -
20% -
10% -
0% -

Figure 2 Antibiogram of bacteria isolated from Nono.

Gram negative bacteria
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than the values of 4.1, 49 £0.11 and 4.5 +0.4 log
CFU.mL" for raw whole milk reported by Asaminew and
Eyassu (2007), Abebe et al. (2012) and Kunova et al
(2017), respectively. The bacterial load of 6.26 log,
CFU.mL"' compared favourable with the value of 6.68
+1.19 log;o CFU.mL" and 5.59 +0.69 log;, CFU.mL" of
Nono produced in 24 and 48 hr respectively in Ghana
(Akabanda et al.,, 2010). However earlier studies by
Bankole et al. (1992) reported an average aerobic plate
count of 1.6 x 10° from Nono samples obtained from Zaria,
Northern Nigeria.

Fifteen (15) different bacteria species were isolated. The
aerobic bacteria isolated from Nono were Eubacterium
nodatum, Bacillus subtilis, Chromobacterium violaceum,
Propionibacterium acnes, Amycolatopsis benzotilytica,
Tropheryma whipplei, Moraxella catarrhalis,
Campylobacter gracilis, Neisseria sicca, Vibrio natiensis,
Photobacterium damselae, Corynebacterium kutsceri and
Corynebacterium xerosis. The isolated lactic acid bacteria
were Lactobacillus fermentum, and Lactobacillus casei.

Most of thebacteria species isolated from nono in this
study are not commonly associated with food related
illnesses. However, other species of some of the genera,
especially Campylobacter, Bacillus, and Vibrio, have been
implicated in food related illnesses (Donkor et al., 2007).
Campylobacter species such as C. jejuni, C. coli and C.
fetus are considered pathogenic while B. cereus and B.

anthrax are of clinical importance and V. cholerae is the
causative agent of cholera (Shah et al., 1998; Logan,
1988 and Julian, 1997). Although these species were not
reported in the study, the species reported are indicators of
potential contamination by the organisms. This is an
indication of inadequate hygienic practices during
production (Theodore et al., 2016 and Zajac et al.,
2012).

According to Harrigan (1998), raw milk drawn from a
healthy udder normally will contain only a few hundreds
to a few thousands of bacteria per milliliter, mostly from
the genus Micrococcus and the udder diphtheriod,
Corynebacterium bovis. Microbial contamination of milk
often arises from the udder surface, bovine faeces, soil,
bedding, feed, as well as milk-handling equipment. Lack
of potable water and use of detergent was a major
constraint to hygienic practices on the farm (Theodore et
al., 2016; Solomon et al., 2013 Galton et al., 1989).

The gram-positive bacteria isolated from Nono were
resistant to all antibiotics tested with the exception of
Erythromycin where 40% susceptibility was obtained,
while the gram-negative bacteria showed high resistance to
the tested antibiotics, but with 80% susceptibility to
Ofloxacin (Figure 2).

All the bacteria were resistant to multiple drugs showing
cluster of resistance to 5 — 8 antibacterial drugs (Table 2).
High prevalence of multi-drug resistant bacteria among

Table 2 Antibiotics resistance cluster of bacteria isolated from Nono.

Bacteria

Drug cluster

Vibrio natiensis
Photobacterium damselae

AMP/CAZ/CXM/GEN/CIP/OFL/AUG
NIT/AMP/CAZ/CXM/GEN/CIP/OFL/AUG

Campylobacter gracilis NIT/AMP/CAZ/CXM/GEN
Neisseria spp NIT/AMP/CAZ/CXM
Moraxella catarrhalis NIT/AMP/CAZ/CXM

Tropheryma whipplei
Propionibacterium acnes

Amycolatopsis benzoatilytica
Eubacterium nodatum

Bacillus subtilis

Chromobacterium violaceum

AMP/CAZ/CXM/GEN/CIP/OFL/AUG
STR/TET/AMP/CHL/CLX/ERM/GEN/PEN

STR/TET/AMP/CHL/CLX/ERM/GEN/PEN
STR/TET/AMP/CHL/CLX/ERM/GEN/PEN
STR/TET/AMP/CHL/CLX/ERM/GEN/PEN

STR/TET/AMP/CHL /CLX/ERM/GEN/PEN

14

12

10

Zone of inhibition (mm)
[ee]

0

Salmonella typhimurium
W Escherichia coli

O Staphylococcus aureus

Figure 3 Antibacterial activity of nono against selected bacterial isolates.
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food animals and meat processing equipment in Nigeria,
has been well documented (Osibote et al., 2014; OKkiki et
al.,, 2013). The high prevalence of bacteria that are
resistant to multiple drugs in Nono is of great public health
concern, because many people in Nigeria especially those
from the Northern part of the country, have preference for
nono to industrially produced yogurts.

Enterococci and members of the Enterobacteriaceae were
not detected in all the samples (Nono) analyzed as against
the report of Fabianova (2010) who reported the presence
of Enterococci in raw cow milk. This may reflect the
inhibitory effect of metabolites (acetic acid and lactic acid)
and reduced pH produced by the mixed culture lactic acid
bacteria thereby contributing to the quality and safety of
the fermented milk product. Their presence, even at the
initial fermentation period, suggested that they were
probably introduced from the external environment, i.e.
from the udder surface, bovine faeces, soil, beddings,
human skin, and they survived because of the high pH
(Bezkorovainy, 2001; Harrigan, 1998).

Antimicrobial quality of Nono
The nono samples were also observed to exhibit
antibacterial activity against cultures of Salmonella
typhimurium ATCC 14028, Escherichia coli ATCC 29929
and Staphylococcus aureus ATCC 29293 (Figure 3).
According to the work of Krishnendra et al. (2013)
selected lactic acid bacteria (L. casei, L. fermentum and L.
plantarum)  showed inhibitory properties against
Escherichia coli and Staphylococcus aureus. The report of
the author agrees with the findings of the study as the nono
samples containing L. casei and L. fermentum showed
inhibition of S. aureus and E. coli. The study is further
established by the Coconnier et al. (1997) and Bernet
Camard (1997) who reported the inhibition of Salmonella
typhymurium by L. fermentum in their separate works.
Lactobacillus fermentum is a potent probiotic. Strains
of Lactobacillus fermentum have been found to be pH and
bile tolerant, strong enough to survive the stresses of the
digestive system, the stomach pH between 1.5 and 3, and
the upper intestine 3 — 5 gL' of bile (Pan et al., 2011).
Lactobacillus  fermentum has the ability to reduce
cholesterol levels. L. fermentum removes cholesterol in
vivo by the absorption of cholesterol, which as a result
accelerates cholesterol metabolism, as well as by the
incorporation of cholesterol from the host into its cell
membrane or walls (Pan et al., 2011). Marika and
Zilmer (2009) work on experimental introduction of the
strain ME-3 of Lactobacillus fermentum into dairy
products as a probiotic ingredient, revealed that the
organism (L. fermentum) was able to suppress reputable
contaminants of food such as pathogenic Salmonella
species, Shigella species, and bacterial agents of urinary
tract infections such as E. coli and Staphylococcus species.
Some L. casei strains are considered to be probiotic, and
may be effective in alleviation of gastrointestinal
pathogenic bacterial diseases (WHO, 2002). According to
Ridwan et al (2008) Lactobacillus species are safe and
effective in treatment of acute and infectious diarrhoea. L.
casei has been found to have a wide spectrum of coverage
against pathogenic organisms that translocate from the
gastrointestinal tract, thereby demonstrating therapeutic
benefit in pancreatic necrosis (Gratino and Alvarez,

2006). L. casei bacteria can also be used in the natural
fermentation of beans to lower levels of the compounds
causing flatulence upon digestion (Gratino and Alvarez,
2006).

CONCLUSION

Since there are no standardized methods of processing
nono, the products are of varying quality and stability, and
if adequate hygienic practices are not ensured during
processing, the quality of the final product may be
compromised. Standard processing method that will ensure
the production of Nono that meets International regulatory
standards for safety should be employed. Thus microbial
process technology can be transferred to the local
producers. Education of producers on good manufacturing
practices including basic hygienic principles will equally
be crucial in achieving standard products.

In conclusion, Nono as a fermented milk product is of
high nutritional value and a good probiotic food.
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INFLUENCE OF MILK THISTLE PRESSED PARTS ON RATS LIVER
HISTOLOGY

Hana Dockalova, Pavel Horky, Ladislav Zeman, Jiii Skladanka

ABSTRACT

Milk thistle (Silybum marianum) is one of the best known and very often used herbs with positive effect on liver. The aim
of this article was to study influence of addition of milk thistle pressed parts in feed ration on liver histology and weight
increase of laboratory rats. The experiment was tested by 15 pieces of laboratory rats divided into 3 groups (A, B, C).
The rats in first group (A) hade feed ration with addition of 10% milk thistle pressed parts, second group (B) hade feed
ration with 20% and control group (C) hade feed ration without addition of milk thistle pressed parts. The silymarin content
of pressed milk thistle seed was 26.2 mg/g. The aim of this article is to study influence of addition of milk thistle pressed
parts in feed ration on liver histology and weight increase of laboratory rats. The hypothesis is that the feeding addition —
milk thistle seed pressed parts has positive effect on weight performance and liver histology. Does the feeding addition
have any effect on these health indicators? Does feeding of milk thistle seed pressed parts have any sense? In results,
the groups with addition of milk thistle had significant bigger average gain increases than the control group. Histological
results vary considerably among groups ofrats. All rats inthe control group had dystrophic liver with sinusoidal
congestion. In most rats of the group A, the dystrophy was minimal without congestion. On the other hand, most of rats
of the group B had liver dystrophy caused by large droplets steatosis with congestion. All rats in control group C were
found to have significant dystrophy caused by steatosis. The results indicate rats receiving the addition of milk thistle
pressed parts in their feed had a lower incidence of liver steatosis due to the hepatoprotective effects of silymarin.

Keywords: Silybum marianum; histology; growth performance; silymarin

studied the antimicrobial and antioxidative effect
of phytogenic additives, also phytobiotics have potential

INTRODUCTION
Effective agents of milk thistle stimulate regeneration

of hepatocytes. Complex of milk thistle agents is called
silymarin, this stabilises membranes of hepatocytes and
thus silymarin increase hepatocytes resistance to toxins
and oxidants. Effect of silymarin stimulates production
of new hepatocytes. Extracts of milk thistle has been used
in the treatment of acute and chronic liver disorders. Liver
disorders are usually caused by toxins, drug, alcohol
and hepatitis and gall bladder disorders (Zhu et al., 2016).
Silymarin appears to be safe and well tolerated (Dhiman
et al., 2005). Pharmacological taking of milk thistle is
known from history and has general dissemination.

Many studies have demonstrated that the active
components of silymarin have many hepatoprotective
properties (Abenavoli et al., 2011) and these studies are
predominantly focused on human treatment however
at present research get focused too on milk thistle (pressed
milk thistle seed) like feed supplement for animals.
Properties of production of S. marianum (such as oil,
pressed seed or flour) markets too alternative uses
(Andrzejewska et al., 2015). Jakubcova et al. (2015)

in animal feeding and it has effect on human nutrition
in closing stage. Milk thistle constituents to the animal diet
can promise for conventional methods of animal farming
(Kosina et al., 2017) and seems to be a promising natural
feed additive to improve the health condition (Cullere et
al., 2016). Results of different researches indicate positive
effect of feeding Silybum marianumon  growth
performance but by way of contrast this exist some
researches with different ambiguous results.

From point of influence of taking S. marianum on liver
histology of view some studies state results, that using
of S. marianum have not any significant effect on liver
histology (Blevins et al., 2010; Dhiman et al., 2005;
Jacobs et al., 2002; Tedesco et al., 2004) by contrast
results (Guo et al., 2016; Loguercio et al., 2012) state
association with improvement in liver histology. It should
be noted that significant evaluation often is difficult
and ambiguous, also next research is necessary and by
reason this study can make a contribution to the issue
of influence of S. marianum on liver histology.
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Scientific hypothesis

The aim of this article is to study influence of addition
of milk thistle pressed parts in feed ration on liver
histology and weight increase of laboratory rats.
The hypothesis is that the feeding addition — milk thistle
seed pressed parts has positive effect on weight
performance and liver histology. Does the feeding addition
have any effect on these health indicators? Does feeding
of milk thistle seed pressed parts have any sense?

MATERIAL AND METHODOLOGY

The experiment was established by 15 pieces
of laboratory rats divided into 3 groups (A, B, C)
in experimental facilities of Department of Animal
Nutrition and Forage Production in Mendel University.
The rats in first group (A) had feed ration with addition
of 10% milk thistle pressed parts, second group (B) had
feed ration with 20% and control group (C) had feed ration
without addition of milk thistle pressed parts (only scraped
barley). Served milk thistle pressed parts had flour-like
structure and was mixed equally with scraped barley also
the rats could not prefer any feeding component. Milk
thistle variety MIREL was used. The feeding mixture
and water were available ad-libitum. Water and feed ration
were daily served and rests were removed.

The length of this experiment was 28 days. Starting
average rat’s weight was 90 £3 g. The rats were weighted
in 0 — 7 — 14 — 21 — 28. The rats were sacrificed
inhalational anaesthetic Isofuran way on 28" day and liver
samples were taken to histological analyse. Histological
analyse was performed at University of Veterinary
and Pharmaceutical Sciences Brno.

Determination of silymarin

The content of silymarin was performed by HPLC
method in Department of Chemistry and Biochemistry
at Mendel University in Brno. Analysis of silymarin was
performed on a HPLC-UV / VIS instrument (Dionex
Ultimate 300). Chromatography column Hypersil GOLD
Dim (150 x 4.6) was used for separation by temperature
30 °C. The sample (5 uL) was injected by autosampler.
Flow rate was 1 mL.min"'. Content of mobile phase was A:
0.1% formic acid, B: 100% methanol. The substances were
leaved to infuse in an isocratic elution way (mobile phase
A was 65% and mobile phase B was 35%). Detection

of separated substances was in motion
under circumstances of wavelength 288 nm.
Statisic analysis

The data were statistically processed using

STATISTICA.CZ, version 10.0 (the Czech Republic).

The results were expressed as average values (weight)
with standard deviation (SD). Statistical significance was
determined by the examining the basic differences
between groups by ANOVA and Scheffé's test (one-way
analysis). The differences with p <0.05 were considered to
be significant.

RESULTS AND DISCUSSION
Growth Performance

The results show that the weight gain of the rats fed
with mixtures of 10% the milk thistle was higher
compared to rats of the control group. The highest average
daily gains were found in rats fed by mixtures of 20% milk
thistle. On the seventh day of the experiment,
the difference between groups C and A was found to be
statistically significant, same as the difference between
groups C and B. Statistically significant difference was
also observed between groups C and B on the 28" day.
Rats receiving the addition of milk thistle in their feed
dose grew more intensely than the control group. Kosina
et al. (2017) describes the positive effect of the milk thistle
on the growth potential of experimental animals (rabbits
in this case). Therefore, the addition of the milk thistle
in the feed dose could have a positive effect on the growth
potential of animals. Feng et al. (2016) states that
silymarin significantly affected weight gain in mice. This
trend was also observed in our experiment.

In group C, all animals had wide-area liver dystrophy
and congestive  parenchyma  according to histological
images. Dilation of porto-biliary system and central veins
were less common than in groups A, B.

In group A, liver parenchyma is showed like intact hardly
any dystrophy with dilated porto-biliary system
in the pictures LM 6, LM 7 and LM 8, whereas pictures
LM 9 and LM 10 show distinct dystrophy caused
by steatosis.

In group B, LM 11, LM 12, LM 14 and LM 15 show

area-wide distinct liver dystrophy caused by steatosis.
In animals of all groups A, B, C, there was a more distinct
dystrophy caused by steatosis. In groups B and C, the vast
majority showed liver steatosis. In Group A, 40% of the
animals were found with steatosis, 80% in group B, and
100% in group C. The results of Guo et al. (2016) suggest
silymarin reduces inflammatory processes causing hepatic
tissue damage. Also in our study, the incidence of hepatic
dystrophy was lower in groups receiving the addition of
milk thistle (especially group B). Blevins et al. (2010) and
Tedesco et al. (2004) report histological examination of
the liver found the occurrence of steatosis even in groups
of animals fed by the addition of silymarin and did not
confirm effect of silymarin reducing the incidence
of steatosis.

Table 1Average daily gain (g.day™') — Group C (Control group), Group A (rats fed with 10% part of milk thistle pressed
parts), Group B (rats fed with 20% part of milk thistle pressed parts).

Groups Average daily gains during the experiment
0.day 7. day 14%. day 21 day 28" day
(g.day! £SD) (g.day! £SD) (g.day! £SD) (g.day! £SD) (g.day! £SD)
Group C 0.0 2.3 40,52 2.1+0.42 1.9 £0.42 1.7 £0.52
Group A 0.0 3.4 +0.6° 2.540.32 1.8 £0.52 1.7 £0.6°
Group B 0.0 3.6 +0.3° 2.4+0.42 2.0 +£0.72 3.1 +0.6
Note: Change in index 2,° shows significant difference at the level (p <0.05)
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Liver Histology

Figure 1 Liver Mash of rats in group C (control group). Magnification 200x.

Note: LM 1: Parenchyma is congestive, all-dystrophic, locally with trabecular system, without necrosis, with distinct
dilation of porto-biliary system. LM 2: Locally distinct sinusoidal congestion, otherwise identical to LM 1. LM 3:
Congestion, massive wide-area hepatodystrophy with structural destruction focuses. LM 4: Identical with LM 3. LM 5:
Sinusoidal congestion, wide-area dystrophy but less distinct compared to the previous cases, trabecular structure in
good condition.
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Figure 2 Liver Mash up A (10% part of milk thistle pressed parts). Magnification 200x.

Note: LM 6: Minimum dystrophy, dilatation of porto-biliary system, otherwise almost intact parenchyma.

LM 7: LM 7 is identical to LM 6. LM 8: LM 8 is identical to LM 6. LM 9: More distinct dystrophy caused by steatosis,
trabeculary system in good condition, dilatation of central veins. LM 10: Distinct dystrophy caused by large droplets
steatosis, moderate congestion, plates of hepatic cell with good structure.
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Figure 3 Liver Mash of rats in group B (20% part of milk thistle pressed parts). Magnific

Note: LM 11 is comparable with LM 10. LM 10: distinct dystrophy caused by large droplets steatosis, moderate
congestion, plates of cells structure in good condition. LM 12: Wide-area massive dystrophy with persistence of
trabeculary system, without necrosis, dilatation of porto-biliary system. LM 13: Compared to LM 12, significantly less
dystrophic parenchyma, moderate congestion and dilatation of central veins, without alteration of plates of cells
structure. LM 14: Congestion, wide-area dystrophy caused by large droplets steatosis. LM 15: Identical with LM 14.
(Congestion, wide-area dystrophy caused by large droplets steatosis).
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Dystrophy of the liver parenchyma caused by steatosis
in rats of our experiment seems to be related to the barley
monodiets — the animals received only barley and addition
of milk thistle pressed parts in some groups.
An unbalanced ratio of nutrients could be the cause of liver
damage. Involvement of the health burden -caused
by inadequate nutrition was targeted in order to investigate
hepatoprotective effects of silymarin as we do not
anticipate the occurrence of histological findings
in healthy animals with ideal nutrition. In animals
receiving the addition of milk thistle pressed parts,
the incidence of liver steatosis was lower which was
probably related to the hepatoprotective effects
of silymarin. From a histological point of view, the most
convenient percentage of milk thistle pressed parts is 10%
(group A) according to our results.

CONCLUSION

In the experiment, the effect of milk thistle was
investigated on liver health in rats. In addition to liver
histology, rats were also monitored for their continuous
weight gains. Average daily weight gain of rats fed
by mixtures with milk thistle compared to the control
group increased, with the highest weight gain in the group
B (20% addition of milk thistle). In animals in all groups
A, B, C, there was more distinct dystrophy caused
by steatosis. In groups B and C, the majority of rats were
found with liver steatosis. According to histology findings,
rats of group A were found with steatosis in 40%, 80% in
Group B and 100% in group C. Dystrophy of liver
parenchyma caused by steatosis in rats can be probably
related to nutritional imbalance (barely monodiets).
Induction of the health burden has been targeted in order
to investigate the hepatoprotective effect of silymarin,
as histologic findings are less probable in healthy animals
with the ideal nutrition. In the animals fed with the
addition of pressed parts of milk thistle, the incidence of
liver steatosis was lower which may be related to
hepatoprotective effect of silymarin. According to the
results from the histological point of view, the most
appropriate proportion of milk thistle pressed parts was
10% — group A. The content of silymarin in the pressed
parts was 26.2 mg.g!.
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TIBIA MINERALIZATION OF CHICKENS DETERMINED TO MEAT
PRODUCTION USING A MICROBIAL PHYTASE

Maria Angelovicovd, Martin Mellen, Peter Zajdc, Jozef Capla, Marek Angelovi¢

ABSTRACT

The target of the research was 6-phytase of microbial origin. It was used in feed mixtures for chickens determined to meat
production. Its effect has been studied in relation to the tibia mineralization by calcium, phosphorus and magnesium. 6-
phytase is a product of Aspergillus oryzae. That was obtained by means of biotechnological processes of production of
commercially available enzymes. It was incorporated in the feed mixtures 0.1%. In a 38-day feeding trial, 300 one-day-old,
as hatched, Cobb 500 chickens determined to meat production (100 birds per group) were fed on one concentrations of
dietary non-phytate phosphorus (2.32, 2.31 g.kg™, respectively and supplemental microbial phytase (0 and 500 FTU kg™
feed mixtures). Control group was used to compare the results and control feed mixtures contained 4.5 g.kg" without
microbial phytase. At days 40 it was selected 6 birds in every group, which were slaughter in accordance with the
principles of welfare. Left tibias of every bird were used to determination of calcium, phosphorus and magnesium contents.
According to in vivo, it was found that the addition of microbial phytase to reduced dietary non-phytate phosphorus
increased concentrations of calcium (Ca), phosphorus (P) and magnesium (Mg) in tibia. The differences among groups
were statistically significant (p <0.05). It was concluded that reducing of dietary non-phytate phosphorus on the 2.32, 2.31
g kg, respectively, by monocalcium phosphate and microbial phytase supplementation in feed mixtures facilitated tibia

mineralization at chicken determined to meat production.

Keywords: broiler; microbial phytase; additive; phosphorus; tibia; mineralization

INTRODUCTION

The availability of phosphorus in feedstuffs of plant
origin is generally very low, ranging from 30 to 40%
(Nelson et al, 1968a). To increase phosphorus
bioavailability, the most commonly used method is
supplementing high dosage of inorganic phosphorus in
feed, which leads to the excretion of large amounts of
phosphorus in animal manure. Consequently, the cost of
feed and the environmental adverse impact are increased.
Moreover, phytate limits the availability of several other
essential nutrients, such as minerals, protein and amino
acids (Biehl and Baker, 1996). Among the strategies
designed to reduce excessive drainage of phosphorus but
also calcium into the environment from the poultry
industry, the two most important are (1) determining the
exact phosphorus and calcium requirements for present
modern chickens determined to meat production and
formulating to meet those requirements exactly and (2)
using additives such as microbial phytase to increase
phytate phosphorus utilization and decrease excretion of
these nutrients into environment (Angel et al., 2005).

As phytase is increasingly used worldwide, science and
technology related to the enzyme have evolved to a new

exciting field at a fast pace. Clearly, supplemental phytases
improve dietary phytate-phosphorus utilization by food-
producing animals, and reduce environmental pollution of
phosphorus from animal waste in areas of intensive animal
production (Kliment et al., 2010).

Phytases are a group of enzymes that catalyze the release
of orthophosphate from inositol hexakisphosphate
(Mullaney and Ullah, 2003). The phytases are divided
into four classes: histidine acid phosphatases, B-propeller
phytases, cysteine phosphatases and purple acid
phosphatases (Puhl et al.,, 2007; Huang et al., 2011).
These include the fungal phytases from Aspergillus ficuum
(Kostrewa et al., 1997) A. fumigatus (Xiang et al., 2004)
A. niger (Oakley, 2010) and Debaryomyces castellii
(Ragon et al., 2009) and the bacterial phytases from
Escherichia coli (Lim et al., 2000) and Klebsiclla
pneumoniaec (Bohm et al., 2010). The enzymes are
additionally classified into 3-, 5- or 6-phytases (EC
3.1.3.8, EC 3.1.3.72 and EC 3.1.3.26, respectively) based
on the carbon position on the inositol ring at which they
initiate phosphate hydrolysis. Thus 3-phytases first remove
the phosphate group at the C3 or C1 position (1L- vs. 1D-
convention) while 6-phytases do so at the C6 position (or
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C4 in the 1L convention) (Lei and Porres, 2003). Very
few 5-phytases have been identified (for example that from
from Selenomonas ruminantium (Chu et al., 2004).

The efficacy and safety of a microbial 6-phytase
expressed via the use of synthetic genes in Aspergillus
oryzae was investigated from days 8 to 22 of age using
480 Ross PM3 broiler chickens. Five treatments were
tested. A diet containing 5.6 g.kg" of phosphorus was fed
to the control treatment. Another diet containing 4.1 g.kg™
phosphorus was fed to another treatment as negative
control. This diet was fed in 3 other treatments with the
addition of phytase (500, 1000, or 2000 U.kg™). Lower
feed intake and higher weight gain was obtained with the
treatment containing 2000 U.kg™" phytase compared to the
two control treatments and the treatment containing
500 Ukg' phytase, leading to a significant improvement
in feed conversion ratio with the 2000 Ukg' phytase.
Tibia strength and ash were improved with the latter and
were dose-dependent described by an exponential
function. Safety test using a concentrated preparation of
the novel 6-phytase enzyme did not reveal any
toxicological significant findings. Tested 6-phytase
improved broiler performance and reduced the need for
phosphate (Aureli et al., 2011).

Recently study demonstrated that diets containing non-
phytate phosphorous closer to the requirements along with
the use of supplemental phytase decreased the total
phosphorus concentrations in litters without affecting
phosphorus solubility in litters and amended soils
(Maguire et al., 2004).

Phytate phosphorus digestibility can be measured at
either ileal or fecal levels. Total tract phosphorus
digestibility can be used to determine phosphorus retention
as it has fewer practical limitations. However,
determination of phytate phosphorus release should be
measured at the ileal level because in the hindgut phytate
is degraded by the intestinal microflora, but the released
phosphorus is not absorbed. Direct measurement of the
hydrolysis of phytate phosphorus at the ileal level will give
a good indication of the effectiveness of a phytase feed
additive. In addition, tibia ash, bone strength and
performance data are useful parameters for validation of
matrix values (e.g. inorganic phosphorus, calcium, energy
and digestible amino acids) for phytase (Dersjant-Li et
al., 2015).

Phosphorus supply may indeed play a controlling role for
the total numbers of bacteria as suggested by the
significant calcium/phosphorus and phytase effects which
were independent of one another, and tended to be
additive. Phytase seems to have an important role to play
in modulating the gut flora but their effects are clearly
framed by the background levels of phosphorus and
calcium in the diet. The changes in the microbiome as a
result of feeding a phytase at high inclusion levels 5000
FTU are novel, although it must be noted that although the
changes were significant, the scale of the changes were not
extraordinary. The fact that phytase, rather than calcium
and phosphorus levels played a significant role in
promoting better animal performance suggests that the
linkage between microbiome structure and performance is
not inextricable (Ptak et al., 2015).

Benefits of phytase supplementation likely occur due to
release of phosphorus and extraphosphoric effects

simultaneously over a wide range of phytase
concentrations. In contrast to the aforementioned
knowledge Watson et al. (2006) noted that significant
extra-phosphoric increases in body weight gain have been
reported at concentrations ranging from phytase as low as
300 to 800 FT Ukg™.

Experimentally the low non-phytate phosphorus diet,
medium and high non-phytate phosphorus feed mixtures
were compared. They found the increasing ash percentage,
phosphorus content and breaking strength of tibia on day
21 and 42 (p <0.001). Supplementation of 6-phytase but
also 3-phytase significantly improved the ash percentage
on day 21 and phosphorus content of tibia at 21 and 42
days of age (p <0.001). Dietary 6-phytase enhanced ash
percentage (linear contrast, P = 0.039) and tended to
increase breaking strength (linear contrast, P = 0.094) in
tibia of chickens at 42 days of age compared to control
diet. There was a significant interaction between non-
phytate phosphorus levels and phytase sources on ash
percentage at 42 days of age (p <0.01). The ash percentage
and phosphorus contents in ashes of bone are the main
parameters for mineral deposition in animal bones (Jiang
et al., 2013).

A decrease in dietary phosphorus, especially in finishing
chickens determined to meat production (21 to 38 days
old) is a crucial issue in poultry production from an
environmental and economic point of view. Nevertheless,
phosphorus must be considered together with other dietary
components such as calcium and microbial phytase.
Phosphorus level is possible to decrease in finishing
chickens, if the calcium content is appropriate.
Nevertheless, decreasing the dietary phosphorus and
calcium cannot allow a maximization of bone
mineralization, but the optimal threshold remains to be
determined (Rousseau et al., 2012).

In chickens determined to meat production it has
extensively been reported that phytase supplementation to
maize-soybean meal feed mixtures permits total
phosphorus concentration to be reduced without impairing
bone mineralization (BrozZ et al., 1994; Qian et al., 1996;
Sebastian et al., 1996a; Yan et al., 2001; Viveros et al.,
2002; Brenes et al., 2003; Dilger et al., 2004; Onyango et
al., 2004, 2005; Payne et al., 2005; Catala-Gregori et al.,
2006).

Scientific hypothesis

The purpose of this study was to present the in vivo
results of 6-phytase effect on tibia mineralization in
chickens kept for meat production. In the experiment were
used the feed mixtures of soy-cereal type with reduced of
non-phytate phosphorus content.

MATERIAL AND METHODOLOGY

Carry out of experiment

In vivo experiment was realized on Zamostie Company
poultry experimental station with deep litter breeding
system. The experiment included 300 pcs of one-day-old
hybrid chickens Cobb 500 divided into 3 groups (in each
group n = 100) according to scheme in Table 1. Spaced
deep litter box allowed chickens to an unlimited access to
feed and water as well as to perform their natural
activities. The bottom layer of the litter consisted of 8 cm
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Table 1 Scheme of feed individual experiment.

Broiler chicks Group Experimental phase, Phosphorus, content per kg of feed mixture
n==o6 feed mixture and phytase supplement
Conirol Starter (day 1 to 18) non-phytate P 4.50 g.kg':
(CG) Grower (day 19 to 32) non-phytate P 4.50 g.kg
Finisher (day 33 to 38) non-phytate P 4.50 g.kg
. Starter (day 1 to 18) non-phytate P 2.32 g.kg”
Cobb 500 Experimental 1 Grower (day 19 to 32) non-phytate P 2.32 g kg™

(G-RP) Finisher (day 33 to 38)

non-phytate P 2.32 g kg™

Starter (day 1 to 18)

non-phytate P 2.32 g.kg" +0.1% (500

Experimental 2
(G-RP +MPH)

Finisher (day 33 to 38)

Grower (day 19 to 32)

FTU kg") 6-phytase
non-phytate P 2.32 g.kg™ +0.1% (500
FTU kg") 6-phytase
non-phytate P 2.31 g.kg™ +0.1% (500
FTU kg") 6-phytase

Note: n = multiplicity; P = phosphorus; CG = control group; G-RP = experimental group 1 with reduced non-phytate
phosphorus content to 2.32 g kg™ feed mixtures; G-RP +MPH experimental group 2 with reduced non-phytate
phosphorus content to 2.32 g kg™ and with addition 6-phytase microbial origin 0.1% (500 FTU.kg™") in feed mixtures.

Table 2. Nutrient and energy contents per kg of feed mixtures.

Feed mixture

Starter Grower Finisher

experimental control experimental control experimental control
MEy MJ 12.076 12.00 12.081 12.035 12.449 12.421
Crude protein, g 212.95 212.32 192.64 192.68 173.17 172.92
Lysine, g 11.60 11.58 9.97 10.00 10.07 10.00
Methionine, g 4.68 4.67 5.19 5.18 5.40 5.39
Methionine + cystine, g 7.85 7.83 8.04 8.03 7.96 7.94
Threonine, g 8.20 8.18 7.34 7.34 6.53 6.53
Calcium, g 8.18 8.14 7.22 7.19 7.20 7.24
P total, g 5.37 7.96 5.33 7.92 5.24 7.83
P non-phytate, g 2.32 4.50 2.32 4.50 231 4.50
6-phytase, FTU 0*, 500%* 0* 0*, 500** 0* 0%*, 500%* 0*

Note: MEy = metabolizable energy; P = phosphorus; - = Control group; experimental group 1 (reduced phosphorus
content); = experimental group 2 (reduced phosphorus content +6-phytase).

of wood sawdust’s and the top layer consisted of 5 cm of
adjusted wheat straws. The chickens to the age of 14 days
consumed a feed from plate feeders and water from the hat
drinkers located on the floor. Older chickens consumed
feed from the tube feeders and drank water from bucket
drinkers till the end of the experiment. Microclimatic
conditions were equal for all groups in accordance with the
recommendations for the final type chickens Cobb 500.
The temperature in the hall was ensured by the air
conditioner as well as heating lamp to the age 18 days.
Ventilation in the hall on the farm was ensured by the
ventilation system and ventilation windows. Light regime
was automatically adjusted according to the requirements
for this type of chickens.

The experiment lasted 38 days and was divided into three
phases:
e  starter, from day 1 to day 18,
e grower, from day 19 to day 32,
o finisher, from day 33 to day 38 day

The feed mixtures of soybean-cereal type starter, grower
and finisher were fed during the different stages. The
experiment consisted of two experimental groups G-RP
(reduced non-phytate phosphorus content to 2.32, 2.31
gkg! feed mixture, respectively without add-6-phytase)
and G-RP + MP (non-phytate phosphorus content to 2.32,

2.31 gkg" feed mixture, respectively with the addition of
compound 6-phytase 0.1% (500 FTUkg"') in feed
mixtures. The reduction of non-phytate phosphorus
content was carried out by reducing of share feed
ingredient monocalcium phosphate from 1.7% to 0.55% in
the starter feed mixture, from 1.75% to 0.60% in the
grower feed mixture and from 1.80 to 0.65% in the finisher
feed mixture. The control group was used with commonly
used feed mixtures to compare of results. In the control
feed mixtures was the non-phytate phosphorus content
4.5 g kg™ and without microbial phytase.

The procedure was chosen for the balance of phosphorus
using feed phosphatase by Angelovicova (1999), Rada
and Havlik (2010). They predict a phosphorus
digestibility of plant feeds 30% in broiler chickens.
A share of plant feeds is in our feed mixture starter
89.25%, in grower 93.00% and finisher 92.60%. In
experimental feed mixtures was reduced phosphorus
content through feed supplement monocalcium phosphate
(MCP F Belgium) to 2.32 gkg’ in feed mixtures starter
and grower and to 2.31 g.kg" in feed mixture finisher from
need a standard for broiler chickens of non-phytate
phosphorus 4.5 g.kg™ (control group). Nutrient and energy
content per kg of feed mixtures is shown in Table 2.
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In general, creating formulas of the feed mixtures for
broiler chickens is predicted on average phosphorus
digestibility 30% of plant feeds. The required amount of
phosphorus is added in mineral form. The remaining 70%
of phosphorus is therefore unavailable from plant feed,
which is basically the inaccurate estimate. The percentage
of digestible phytate is in the range from 0 to 60% (Rada
and Havlik, 2010).

The characteristics of the additive in the
experimental feed mixtures

6-phytase of microbial origin used in experiment is
commercial feed additive RONOZYME® P5000 (CT).

Gene encoding phytase in microscopic fungus
Peniophora lycii was transferred to a host of microscopic
fungus Aspergillus oryzae (DSM 14223) (EFSA, 2010).
Aspergillus oryzae vektora Phytase encoding cDNA inserts
were introduced into Aspergillus oryzae vector pHD414.
Plazmid DNA was isolated and transferred to Aspergillus
oryzae with amdS" plasmid. Clones amd S" were detected
in the medium, the phytase activity and isolated clones
producing phytase. Phytases were then purified from
Aspergillus oryzae supernetantov clones producing 6-
phytase. ¢cDNA nucleotide sequences Peniophora Iycii
phyA are deposited in the European Molecular Biology
Laboratory database (Classen et al., 1995).

6-phytaza is a product of Aspergillus oryzae. The safety
of genetically modified Aspergillus oryzae was confirmed
by the European Food Safety Authority. Authorization of
product was characterized as a supplement improving a
digestive physiology and as environmental enzyme.

Preparation of the sample for chemical analysis

At the end of the experiment the chickens were selected
from each group of 6 pieces about the same body weight
1800 g. Left tibia of every chicken was removed from the
carcasses immediately after the birds had been slaughtered
via exsanguination of the jugular veins and carotid
arteries on both sides. The tibiaec were stripped of muscle
and stored at +4 °C.

Calcium, phosphor and magnesium determine in
tibia

The tibiae were boiled in distilled water for 5 min to
facilitate removal of any remaining muscle and connective
tissue, oven-dried at 105 °C for 24 h, cooled in a
desiccator, weighed, and incinerated in a muffle furnace at
550 to 600 °C for 6 h in porcelain crucible. The ash was
cooled in a desiccator, and weighed. The obtained ash was
used to preparation of solution mineralized. In the solution
of mineralized tibia was calcium and magnesium measured
by atomic absorption spectrophotometer GBC Avanta at a
wavelength of 422 and 285 nm and phosphorus content by
JENWAY 6400 spectrophotometer at a wavelength of 666
nm.

Statistical analysis

The results are presented as average values, standard
deviation and coefficient of variation. Scheffe’s test was
used at the significance level of a = 0.05 to compare a
difference between groups. SAS statistical package (5) was
used to perform statistical analyses, verion 8.2.

RESULTS AND DISCUSSION

Approximately 50% of phytine phosphorus from feeds
can be released by use of phytase (Christensen et al.,
1997) but this value can be significantly lower since
efficiency of the use of phytase depends on series of
factors. In general, moderate reduction of mineral source
of phosphorus, with addition of phytase in feed mixtures
for broiler chickens is optimal, whereas greater reduction
or complete exclusion of mineral phosphorus from diet
even with increased concentrations of added enzyme
phytase causes lower growth and lower consumption of
food in broilers (Lukié et al., 2005).

Calcium content in the tibia of chickens

Results of calcium content in the tibia of chickens are
shown in Figure 1 and Table 3.

The highest calcium content in tibia of chickens was
84.86 g.kg"', which fed the feed mixtures with the reduced
non-phytate phosphorus content and with the share of
6-phytase. It represents 43.46% of tibia ash. The lowest
calcium content in tibia of chickens was 69.33 g.kg, i.e.
33.09% of tibia ash, which were fed with the feed mixtures
with the reduced non-phytate phosphorus content and
without 6-phytase. In the control group was tibia calcium
content of chickens 78.13 g.kg" (39.39%). The assessment
of basic statistical characteristics shows that the lowest
values of fluctuation of calcium content in tibia were at
chickens fed by feed mixtures with the reduced non-
phytate phosphorus content and with the share of
6-phytase. Maximum variation of calcium content in the
tibia was in the control group. The differences of calcium
content in tibia were statistically significant (p <0.05)
between chickens fed by feed mixtures with reduced non-
phytate phosphorus content and with the share 6-phytase
and control group and also chickens fed by feed mixtures
with reduced non-phytate phosphorus content without
6-phytase, between chickens of control group and chickens
which fed by feed mixtures with reduced non-phytate
phosphorus content and without 6-phytase. Based on the
investigation in vivo effects of dietary phytase were
clarified some relationships between dietary phytate and
calcium. Our findings are consistent with the current
literature knowledge (Plumstead et al., 2008). A problem
was the absence of any clear effect of dietary phytate
concentration on calcium digestibility and retention. In
contrast to earlier observations, in other experiment
(Nelson et al., 1968b) the calcium requirement of 3-wk-
old chicks was increased by at least 50% when dietary
phytate levels were increased from 0.0 to 25.1%. The
increased calcium requirement demonstrated in their study
was hypothesized to be caused by increased binding of
calcium in the intestine, because 1% phytate was found to
be able to bind 0.36% calcium. It has been documented
that microbial phytase improves the availability of calcium
in corn and soybean feed mixture (Schoner et al., 1991;
Schoner et al., 1993; Kornegay et al., 1996). Sebastian
et al. (1996a) reported that phytase supplementation of a
low-phosphorus feed mixture increased the relative
retention of calcium by 12.2% in chickens. This
conclusion was confirmed by their later work (Sebastian
et al., 1996b) in which microbial phytase supplementation
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Figure 1. Mean calcium content in the tibia.

Note: CG = control group; G-RP = experimental group 1 with reduced non-phytate phosphorus content to 2.32 g.kg’

1

feed mixtures; G-RP + MPH experimental group 2 with reduced non-phytate phosphorus content to 2.32 g.kg™" and
with addition 6-phytase microbial origin 0.1% (500 FTU kg ") in feed mixtures. Means bearing different superscripts

differ statistically significant at (p <0.05).

Table 3 Basic statistical characteristics of calcium content in the tibia.

Group n SD (g.kg™) CV (%)
CG 6 3.16 4.05
G-RP 6 2.97 4.28
G-RP +MPH 6 1.51 1.79

Note: n = multiplicity; SD = standard deviation; CV = coefficient of variation, CG = control group; G-RP =
experimental group with reduced non-phytate phosphorus content to 2.32 gkg”' feed mixtures; G-RP +MPH
experimental group with reduced non-phytate phosphorus content to 2.32 g.kg™' and with addition 6-phytase microbial

origin 0.1% (500 FTU kg™') in feed mixtures.

of alow-phosphorus feed mixture increased growth and
relative retention of total phosphorus, calcium, and
improved bone mineralization in chickens determined to
meat production.

Phosphorus content in the tibia of chickens

Results of phosphorus content in the tibia of chickens are
shown in Figure 2 and Table 4.

The highest phosphorus content in tibia of chickens was
24.09 gkg', which were fed by feed mixtures with the
reduced non-phytate phosphorus content and with the
share of 6-phytase, i.e. 12.55% of tibia ash. The lowest
phosphorus content in tibia of chickens was 19.26 gkg”,
which fed the feed mixtures with the reduced non-phytate
phosphorus content without 6-phytase, i.e. 9.21% of tibia
ash. In the control group was tibia phosphorus content of
chickens 21.88 g kg™ (11.02%).

The assessment of basic statistical characteristics shows
that the lowest values of fluctuation of phosphorus content
in tibia were at chickens, which were fed by feed mixtures
with reduced non-phytate phosphorus content and with the
share of 6-phytase. Maximum variation of phosphorus
content in the tibia was in the control group. The
differences of phosphorus content in tibia were statistically
significant (p <0.05) between chickens fed by feed
mixtures with reduced non-phytate phosphorus content and
with the share 6-phytase and control group and between
chickens, which were fed by feed mixtures with reduced
non-phytate phosphorus content without 6-phytase and
control group. Similar the results were confirmed by Singh

et al. (2013) They investigated the influence of different
levels (%) of dietary non-phytate phosphorus fed from 0 to
20 day (0.45, 0.40, 0.35, 0.30, 0.25, compared with
feeding 0.20 non-phytate phosphorus with and without 500
FTU of phytase per kg of feed mixture) and from days 21
to 36 of age (0.414, 0.364, 0.314, 0.264, 0.214, compared
with 0.164 non-phytate phosphorus with and without 500
FTU of phytase per kg of feed mixture) were evaluate
using a total of 588 day-old commercial broiler chicks.
Each treatment was replicated four times in a completely
randomized design. In conclusion, the results showed that
the combination of a lower level of non-phytate
phosphorus and phytase may be used to increase dietary
phosphorus utilization, without severe changes in
performance and bone quality. The same conclusion also
have found Karimi et al. (2011) where results experiment
showed that the combination of a lower level of non-
phytate phosphorus and phytase may be used to increase
dietary phosphorus utilization, without severe changes in
performance and bone quality. In fact, the ash content is
closely related to phosphorus concentration. Enhancement
of ash percentage and phosphorus content of tibia with
application of either source of phytase suggests that
phytase can increase mineral deposition in phosphorus
deficient diet, which is in agreement with the results
described in the scientific literature by Viveros et al.,
2002; Sebastian et al.,, 1996b. Ahmad et al. (2000)
observed that phytase in a low-phosphorus feed mixture
increased the phosphorus retention by 20.4% and 12.73%
as compared to a negative control and normal phosphorus
diet supplemented with phytase, respectively.
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Figure 3. Mean phosphorus content in the tibia.

Note: CG = control group; G-RP = experimental group with reduced non-phytate phosphorus content to 2.32 g kg
feed mixtures; G-RP +MPH experimental group with reduced non-phytate phosphorus content to 2.32 gkg™ and with
addition 6-phytase microbial origin 0.1% (500 FTU kg) in feed mixtures. Means bearing different superscripts differ
statistically significant at p <0.05.

Table 4 Basic statistical characteristics of phosphorus content in the tibia.

Group n SD (g.kg™!) CV (%)
CG 6 2.16 5.91
G-RP 6 1.14 4.05
G-RP +MPH 6 0.49 2.03

Note: n = multiplicity; SD = standard deviation, CV = coefficient of variation; CG = control group; G-RP =
experimental group with reduced non-phytate phosphorus content to 2.32 gkg' feed mixtures; G-RP +MPH
experimental group with reduced non-phytate phosphorus content to 2.32 g.kg' and with addition 6-phytase microbial

origin 0.1% (500 FTU kg™) in feed mixtures.

Magnesium content in the tibia of chickens

Results of calcium content in the tibia of chickens are
shown in Figure 3 and Table 5.

The highest magnesium content in tibia of chickens was
1.27 gkg', which fed the feed mixtures with reduced non-
phytate magnesium content and with a share of 6-phytase,
i.e. 0,609% of tibia ash. The lowest magnesium content in
tibia of chickens was 1.01 gkg”, which fed the feed
mixtures with reduced non-phytate magnesium content
without 6-phytase, i.e. 0.47% of tibia ash. In the control
group was tibia magnesium content of chickens 1.21 g.kg™"
(0.608%). The assessment of basic statistical
characteristics shows that the lowest values of fluctuation
of magnesium content in tibia were at chickens feeding the
feed mixtures with reduced non-phytate magnesium
content. Maximum variation of magnesium content in the
tibia was at chickens feeding of feed mixtures with
reduced non-phytate phosphorus and with a share 6-
phytase. The differences of magnesium content in tibia
were statistically significant (p <0.05) between chickens
fed by feed mixtures with reduced non-phytate phosphorus
content and with the share 6-phytase and control group and
between chickens, which were fed by feed mixtures with
reduced non-phytate phosphorus content without 6-phytase
and control group.

Our findings are in accordance with the literature data
that shows that supplemental phytase increases the mineral
content in tibia (Sohail and Roland, 1999).

However, we were unable to find any literature data on
the phytase influence on magnesium content in broiler
tibia. It is interesting to note that contents of magnesium
was statistically higher in broilers fed by feed mixtures
with reduced phosphorus content and 6-phytase addition in
comparison with the feed mixtures without 6-phytase or
with the commercial feed mixtures. In contribution to the
application of phytase are results of the latest studies
indicating the positive effect on digestibility and
availability not only of calcium, phosphorus, but also the
magnesium and other minerals and organic matters with
the use of phytase.

Also, because of almost universal presence of phytate in
grain cereals and oil meals, phytase represents enzyme
with the highest potential among other enzymes which can
be used in poultry production (Lukié et al., 2009).

Research of the issues relating minerals and another
substances and application of phytase in broiler production
are equally important and are mutually complementary
(Huyghebaert et al., 2005).

These researches are especially important for the purpose
of solving issues and problems which are very frequent
and induced by rapid growth of broilers (bone
deformations, predisposition to breaking and infections,
etc.), as well as poor quality of the product, i.e. bone
firmness, which is considered as serious disadvantage in
the processing industry, because of frequent breaking of
bones during handling, transportation and automatic
broiler processing procedures.
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Figure 4. Mean magnesium content in the tibia.

Note: n = multiplicity; SD = standard deviation; CV= coefficient of variation; CG = control group; G-RP =
experimental group with reduced non-phytate phosphorus content to 2.32 gkg”' feed mixtures; G-RP +MPH
experimental group with reduced non-phytate phosphorus content to 2.32 g.kg™' and with addition 6-phytase microbial
origin 0.1% (500 FTUkg") in feed mixture; Means bearing different superscripts differ statistically significant at

p <0.05.

Table S Basic statistical characteristics of the magnesium content in the tibia.

Group n SD (g.kg™ CV (%)
CG 6 0.06 4.57
G-RP 6 0.02 2.41
G-RP+MP 6 0.08 6.61

Note: n = multiplicity; SD = standard deviation, CV = coefficient of variation; CG = control group; G-RP =
experimental group with reduced non-phytate phosphorus content to 2.32 gkg' feed mixtures; G-RP +MPH
experimental group with reduced non-phytate phosphorus content to 2.32 g.kg" and with addition 6-phytase microbial

origin 0.1% (500 FTU .kg™") in feed mixtures.

CONCLUSION

The target of our research was 6-phytase of microbial
origin and its effectiveness in relation to the tibia
mineralization of chickens kept for meat production. In the
experiment, we used a 6-phytase of microbial origin,
which is the product of a microscopic fungus Aspergillus
oryzae. We used the final type of hybrid combination
Cobb 500. The experimental feed mixtures had reduced
non-phytate phosphorus content 2.32 gkg' versus
4.50 gkg"' control feed mixtures. We used the feed
mixtures of soybean-cereal type (starter, grower and
finisher). Based on the experiment, we came to the
following conclusions that statistically significant
(p <0.05) the highest content of calcium, phosphorus and
magnesium was in the tibia of chickens fed by feed
mixtures with reduced non-phytate phosphorus content and
with the 6-phytase. Based on the experimental results, we
can conclude that it has been confirmed scientific
hypothesis, which we have established. Application of
6-phytase of microbial origin had a positive effect on the
utilization of phytate phosphorus in feed, which resulted
tibia mineralization.
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EFFECT OF SORBITOL ON DOUGH RHEOLOGY AND QUALITY OF SUGAR
REPLACED COOKIES

Majid Majeed, Muhammad Ahsan Mahmood, Muhammad Usman Khan, Mohammad Fazel,
Mohammad Ali Shariati, Igor Pigorev

ABSTRACT

A high amount of sugar is used in bakery products, which may cause diabetes, high blood glucose levels and obesity. Due
to these reasons, sugar is being replaced with substitutes. There is different carbohydrate-based sugar substitutes (polyols)
that can efficiently replace sugar. Among polyols, sorbitol is an efficient replacer that can mimic sugar with minimal
effects on cookie quality. Effects of different sorbitol levels (0 to 12.5%) were seen on the dough rheology. Mixographic
studies showed that peak height and mixing time reduced with the addition of sorbitol. Farinographic studies showed that
water absorption and the mixing tolerance index of dough reduced with the supplementation of sorbitol, whereas dough
development time, arrival time, dough stability time and softening of dough increased. Extensographic studies revealed that
sorbitol substitution produced hard, cohesive, adhesive and elastic dough. Sugar in cookies formulations was reduced from
100 to 50% by replacing with sorbitol 0 to 50%. Physical analysis of sorbitol containing cookies showed that the diameter
and spread factor of cookies decreased with higher levels of sorbitol, whereas thickness, color, hardness and water activity
of cookies increased. The calorific value of cookies decreased with the increasing levels of sorbitol. At upto 20%
replacement of sugar, other parameters of cookies were not affected. Sensory evaluation of the cookies showed that
hedonic points for sensory evaluation parameters reduced with the increasing levels of sorbitol, T, (20% replacement)

showed maximum overall acceptability.

Keywords: calorific value; cookies; dough rheology; polyols; sensory evaluation

INTRODUCTION

Polyols are carbohydrates that are hydrogenated,
meaning that a hydroxyl group replaces the aldehyde or
ketone group found in sugars. These are also different
from dense energy sweeteners such as cyclamate,
polydextrose and aspartame aspartame, which are utilized
in very low quantities so that their contribution to the
calorific value of foods is very negligible. These
sweeteners are 40% to 100% sweet as compared to sucrose
and provide 0.2 to 3 kcal.g”! energy as compared to sugars
and starch. These are partially digested and absorbed by
the human body. Some polyols, such as erythritol, sorbitol,
and mannitol, occur naturally in foods (Fitch and Keim,
2012). Some polyols can help retain moisture in foods,
lower water activity to help to protect against spoilage,
impart smoothness and creaminess by inhibiting sugar
crystallization, provide viscosity, and/or assist in retaining
flavor at high temperatures. They also provide bulkiness to
foods once in the body. Most polyols are considered
GRAS, specifically sorbitol, erythritol, isomalt, maltitol,
lactitol, and polyglycitols. Xylitol and mannitol (special
dietary purposes) are regulated as food additives.

Excessive polyol load, more than 50 grams per day of
sorbitol and/or more than 20 grams per day of mannitol,
can create gastrointestinal disorders (Kroger et al., 2006).
Sorbitol is related to the family of sugar alcohols. The
molecular formula of sorbitol is C6H1406, molar mass
182.17 gmol”, and density is 1.489 gcm™. It is a
colorless, odorless, and sweet-tasting liquid that is 60%
sweet as compared to sucrose, and it provides 2.6 kcal.g”'
energy (Fitch and Keim, 2012).

Bakery products continue to improve as the user becomes
more conscious about the health benefits of consuming
less supplemented sugars. Low sucrose or low calorie is a
top-level marketing approach in bakery products and
baking sectors. They do, however, provide functional
benefits to bakery goods when sugars used are replaced
with polyols. When used in place of sugar, polyols can
make almost all bakery products healthier while still
giving a sweet taste similar to sucrose. Bakery products
prepared with polyols cannot become asslimy on the
surfaces as early as products prepared with other
sweeteners do. Microorganisms also cannot flourish well
on these sweetening agents as they do on sucrose, and

Volume 12

No. 1/2018



Potravinarstvo Slovak Journal of Food Sciences

hence the shelf life of products is extended. However,
unlike sugars, polyols do not normally develop crisp and
colored surfaces on baked commodities. The non-coloring
character can be beneficial where a disturbance in
browning is not required. Along with the non-browning
characteristic, polyols often affect the cooling rate of
baked products. Isomalt is an exception; it does not
provide any typical cooling effect in bakery foods (Baek
et al., 2004).

Isomalt has a very low hygroscopicity compared with
polyols, such as sorbitol, xylitol and maltitol, and has a
very low glycemic index. In many baking formulations;
substituting sugar with isomalt remains the color, aroma,
taste, texture, appearance and volume of sugar (Grabitske
and Slavin, 2008). Maltitol, that is 90% sweet as
compared to sucrose, is utilized as a sugar substituent in
frostings, chocolate bars, low calorie muffins, icing
creams, biscuits, breads and cakes. Malitol syrup is
utilized to substitute maize syrup in similar bakery
utilizations (Nadji et al., 2005). Glucitol is the other name
of sorbitol. The human body utilizes it very slowly. It can
be produced by reducing glucose i.e. altering the
functional group of glucose from aldehyde to hydroxyl. It
is present in apples, plums and other stone fruits in
appreciable quantities. Sorbitol provides bulk and
functionality to bakery products but not as much sweetness
(Yan et al., 2010).

Scientific hypothesis

Bakery products are the most widely produced and
consumed food items, after dairy products. Among the
bakery products, cookies are the most significant. Cookies
are famous and abundantly liked by all ages of people,
including children. These are important bakery
commodities that are used as snack foods by children and
adults in Pakistan. Biscuits hold an important position in
snack foods due to a wvariety taste, crispness, and
digestibility. This project was selected to examine the
influence of different sorbitol substitution levels on dough
rheology and physio-chemical and sensory characteristics
of cookies to reduce the total calories provided by the
cookies and to improve their nutritional value.

MATERIAL AND METHODOLOGY

Procurement of Raw Materials

Raw materials used in the present study were purchased
from local market. Wheat flour was purchased from
“Farrukh Flour Mills” Jhang road, Fa cookies preparation.
Sorbitol was purchased from local market. Sorbitol
available in the market is basically imported from “India”
a treatments plan has depicted in Table 1.

Analytical Methods for Wheat Flour and
Treatments
Proximate Composition of Wheat Flour

Wheat flour was analyzed for moisture, total ash, crude
protein, crude fiber and crude fat by using methods
described in AACC (AACC, 2000). The nitrogen free
extract (NFE) was calculated by difference method.

Moisture Content

The moisture content in the flour sample was estimated
according to the method mentioned in AACC method No.
44-15A (AACC, 2000).

Total Ash

The ash content in flour sample was estimated by
following the procedure given in AACC method No. 08-01
(AACC, 2000).

Crude Fat
Flour sample was analyzed for crude fat according to the
method No. 30-10 in AACC (2000).

Crude Fiber
The crude fiber was determined by following the method
No. 32-10 outlined in AACC (2000).

Crude Protein

Kjeldahl apparatus (Model: D-40599, Behrs Labor
Technik, Gmbh-Germany) was used to determine nitrogen
% in the flour sample according to AACC method No. 46-
10 (AACC, 2000).

Nitrogen Free Extracts (NFE)
The nitrogen free extract (NFE) of wheat flour sample
was calculated according to the following expression:

NFE (%) = 100 - (% Moisture +%Ash +%Crude Fat
+%Crude Protein +%Crude Fiber).

Rheological Analysis of Treatments

The wheat flour sample was supplemented with sorbitol
according to treatments (Table 1) respectively and effects
of supplementation on flour rheology were studied as
described below.

Mixographic Analysis

The mixographic studies were carried out by using
mixograph equipped with 10g capacity bowl (National
Mfg. Co., Lincoln, Nebraska). All the treatments were run
through mixograph by adding 60% water to each sample
according to the instructions given in AACC method No.
54-40A (AACC, 2000). Each mixogram was interpreted
for mixing time and maximum peak height percentage.

Farinographic Studies

The treatments were run through Brabender Farinograph
equipped with 50 grams bowl capacity to assess the
physical dough behaviour of different flour treatments
according to AACC Method No. 54-21 (AACC, 2000).

The parameters such as water absorption, dough
development time, softening of dough, arrival time,
departure time, dough stability time and mixing tolerance
index were calculated from the farinograms as described
below.

Extensograhic Analysis

All the treatments were analyzed through Brabender
Extensograph according to the methods outlined in AACC
(2000) separately.
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Table 1 Treatment Plan.

Treatment

Sorbitol %

Ty 0.0
T, 2.5
T, 5.0
T; 7.5
Ty 10.0
Ts 12.5
Legend: T acts as control

Table 2 Cookies Recipe (T).

_Ingredients Amount
White flour 500g
Sugar 250g
Shortening 250g
Baking powder 7-8¢g
Egg 1
Cardamom Flavor 1 -2mL

Water Hydration Capacity of Treatments

The water binding capacity or the amount of water
retained by the flour has been subjected to centrifugation
and was measured according to the procedures given in
AACC method number 56-30 (AACC, 2000).

Preparation of Cookies

Cookies of different treatments were prepared from the
wheat flour according to methods 10-50 D (AACC, 2000).
Table 2 depicts used recipe for the preparation of control
cookies (T).

Preparation Method

The ingredients weighed accurately. Dry ingredients
were mixed thoroughly by mixer (Mod. A-200, Hobart,
USA).

Analysis of Cookies
Physical Analysis of Cookies

Cookies of different treatments were analyzed firstly for
their physical parameters after preparation. Cookies
diameter, thickness and spread factor was measured
according to their respective methods described in AACC
(AACC, 2000). Cookies treatments color was determined
by methods described by (Rocha and Morais, 2003).
Texture and water activity was determined according to
the methods described by (Piga et al., 2005).

Calorific Analysis of Cookies

The amount of heat measured in calories that is released
when a substance is completely oxidized in a bomb
calorimeter is called the gross energy of substance.
Calorific Value of the cookies treatments was estimated by
using Oxygen Bomb Calorimeter (Werke IKA C200). The
method of Krishna and Ranjhan with slight modifications
was used in determination (Krishna and Ranjhan, 1981).

Proximate Analysis of Cookies

Cookies of different treatments were analyzed for
moisture, total ash, crude protein, crude fibre and crude fat
by using methods described in AACC (AACC, 2000). The

nitrogen free extract (NFE) was calculated by difference
method.

Sensory Evaluation of Cookies

The cookies of different treatments were rated using 9-
point hedonic score system (9 = like extremely; 1 = dislike
extremely) by taste panel (Meilgaard et al., 2004).

Statistical Analysis

The results obtained from different parameters of all the
treatments were exposed to statistical analysis. Completely
Randomized Design (CRD) was used, followed by the
Analysis of Variance Technique (ANOVA) and the results
were interpreted according to the Least Significant
Difference Test (LSD) at 5% level of significance as
described by (Steel et al., 1997).

RESULTS AND DISCUSSION

Chemical Composition of Wheat Flour

The results regarding the chemical composition of wheat
flour indicated that it contains 12.70% moisture, 10.8%
crude protein, 0.86% crude fat, 0.24% crude fiber, 0.56%
ash and 74.74% nitrogen free extract. The results are in
close agreement with the findings of others in the literature
(Ahmad, 2011; Mushtagq et al., 2010).

Rheological Analysis of Treatments
Mixographic Analysis

The statistical data regarding the mixographic parameters
showed that mixing time and peak height of treatments
decreases with the increasing levels of sorbitol (Table 3).
Ts showed minimum mixing time 3.2 minutes and
minimum peak height 33%, whereas T, showed maximum
mixing time 7 minutes and maximum peak height 63%,
showing an overall decreasing trend. The decrease in
mixing time and peak height was due to fact that in present
study flour blended with different levels of sorbitol was
run through mixograph rather than plain flour. These
results were in close agreement with the findings of others
in literature (Asghar, 2004; Farooq, 1996).
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Table 3 Effect of different treatment on mixograph parameters of dough.

Treatments Mixing Time (minutes) Peak Height (%)
T, 5.50° 55P
T, 6.60° 60°
T, 7.00° 63
Ts 4.80° 49°
T, 3.80¢ 429
Ts 3.20° 33°
Table 4 effect of different treatment on farinograph parameters of the dough.
T W.A D.D.T AT D.T D.S.T S.0.D M.T.I
(%) (min) (min) (min) (min) (B.U.) (B.U.)
TO 57.20° 7.30" 1.259 16.50° 15.25° 60.00¢ 40.00°
T, 56.20% 8.50° 2.75° 16.75° 14.00¢ 72.50% 38.00%
T, 54.60° 7.75° 2.25° 16.90° 14.65% 71.00% 28.50¢
Ts 52.80° 8.00¢ 2.70° 17.00° 14.30% 78.00° 32.50°
T4 49.60¢ 9.50° 1.30¢4 16.00° 14.70* 75.00™ 36.50°
T5 48.00¢ 9.00° 1.75° 16.80° 15.05" 70.00° 27.50¢
Table 5 effect of different treatment on extensograph parameters of dough.
T Energy Resistance to Extensibility Maximum Ratio No Ratio No
(ecm?) Extension (mm) (B.U.) (B.U./mm) Maximum
(B.U.) (B.U./mm)
To 49° 28" 51¢ 803° 0.50 15.60°
T, 48° 260° 554 759° 4.70° 13.80°
T, 454 398® 63¢ 5861 6.30° 9.20°
Ts 48° 56° 52¢ 824° 1.10° 15.80°
T, 57° 370° 107° 378¢ 3.50¢ 3.50¢
Ts 55° 286° 126 302" 2.30¢ 2.40°
Farinographic Studies Extensographic Analysis

The statistical analysis regarding the farinographic
characteristics showed that water absorption, dough
stability time and mixing tolerance index of treatments
decreases with the increasing levels of sorbitol, whereas
arrival time, dough development time and softening of
dough increases with increasing levels of sorbitol
(Table 4). Ts showed minimum water absorption and
mixing tolerance index 48% and 27.5 B.U. respectively,
whereas T, showed maximum water absorption and
mixing tolerance index 57.2% and 40 B.U. respectively.

Ty showed minimum arrival time, dough development
time and softening of dough 1.25 minutes, 7.30 minutes
and 60 B.U. respectively, whereas T, T, and T; showed
maximum arrival time, dough development time and
softening of dough 2.75 minutes, 9.50 minutes and 78 B.U.
respectively. T showed minimum dough stability time 14
minutes, whereas Ty showed maximum dough stability
time 15.25 minutes.

The decrease in water absorption trend is due to
reduction in protein and complex carbohydrates contents
in treatments respectively. The increase in dough
development time and arrival time trend is due to less
mixing behaviour of sorbitol as compared to wheat flour.
The decrease in dough stability time and increase in
softening of dough trend is also due to the less resistance
of sorbitol to over mixing as compared to the wheat flour.
The results are in close agreement with the findings of
others in literature (Rashid, 2007; Rakha, 2006).

The statistical data regarding the extensographic analysis
of the treatments showed that work needed to deform the
dough, resistance to extension of dough, dough
extensibility and ratio no of dough increases with the
increasing concentration of sorbitol; whereas maximum
force required breaking the gluten strands and the ratio no
maximum reduces with the increasing sorbitol contents
(Table 5).

Ty showed minimum values for energy, resistance to
extension, dough extensibility and ratio no 49 cm2, 28
B.U., 51 mm and 0.5 B.U. /mm whereas T4, T,, T5 and T,
showed maximum values 57 cm2, 358 B.U., 126 mm and
6.5 B.U. /mm respectively. Ts showed minimum values for
maximum force and ratio no maximum 302 B.U. and 2.40
B.U. /mm whereas T; showed maximum values 824 B.U.
and 15.80 B.U. /mm respectively.

Sorbitol (polyol) lowers the water absorption, increases
the sliminess and hardness of the dough and hence
increases the energy required to deform the dough, dough
resistance to extension and dough extensibility. Maximum
force required for breaking the gluten strands and ratio no
maximum shown decreasing trend because as the flour is
replaced with sorbitol the gluten content of treatment
lowers and hence the concentration of gluten strands
lowers, overall needing less force for breakage. The results
are in close agreement with the findings of (Alava et al.,
2007; Akthar, 2011).

Volume 12 53

No. 1/2018



Potravinarstvo Slovak Journal of Food Sciences

Table 6 effect of sorbitol on the physical charachteristic of cookeis.

T Diameter Thickness Spread Color Hardness Fracturability Water
(mm) (mm) Factor (CTn) (g) (mm) Activity

T, 132.00° 33.00¢ 40.00™ 154.67° 1735.0f 20.39° 0.1800°

T,  150.00° 36.00° 41.67° 147.67%® 3250.0d 21.37° 0.1940%

T, 134.67° 34.01% 39.54° 140.67" 3045.0e 20.97¢ 0.2050%

T;  125.3° 35.40% 35.42° 152.33° 4966.7b 21.49° 0.2200"

T, 127.33° 35.04% 36.36° 152.67° 5450.0a 22.64° 0.2350%

Ts  122.00¢ 37.80° 32.28¢ 134.67° 4125.0c 21.40° 0.2450°

Table 7 effects of sorbitol on the chemical analysis of cookies.

T Moisture (%) Ash Crude Protein Crude Fat (%) Crude Fiber (%) NFE (%)

(%) (%)

T, 3.30% 0.49" 9.20° 21.50° 0.241 65.27

T, 3.38" 0.54° 9.12° 21.54° 0.27° 65.15"

T, 3.50° 0.56¢ 9.05° 21.60° 0.30¢ 64.99°

T;  3.60% 0.60° 9.26 21.40° 0.33¢ 64.81°

T, 3.68% 0.63° 9.32° 21.46° 0.37° 64.54°

Ts 3.80° 0.66" 9.05 21.60° 0.40° 64.49°

Calorific Value (keal/g)

e

[

(%]

-

=

Figure 1 Effect of sorbitol on the calorific value of cookies.

Water Hydration capacity of Treatments

The statistical analysis revealed that water hydration
capacity of treatments did not show significant effect of
sorbitol replacement. T5 showed minimum (0.85 g.g”)
water hydration capacity, whereas TO showed maximum
value (1.05 g.g") respectively.

Proteins and fiber rich flours and meals show high water
hydration capacity due to their more moisture retaining
behavior. The results are in close agreement to the finding
of others in literature (Mahajan et al., 1999; Zoulias et
al., 2002).

Analysis of cookies
Physical Analysis of cookies

The statistical analysis showed that diameter, spread
factor and color of treatments decrease, whereas thickness,
texture and water activity increases with the increasing
concentration of sorbitol (Table 6).

Ts showed minimum values of diameter, spread factor
and color 122 mm, 32.28 and 134.67 CTn, whereas T,
showed maximum values of diameter and spread factor
150 mm and 41.67 and TO showed maximum value of
color 154.67 CTn respectively. TO showed minimum
values of thickness, hardness, fracturability and water
activity 33 mm, 1735 g, 20.39 mm and 0.18, whereas Ts
showed maximum values of thickness and water activity

37.80 mm and 0.24 and T4 showed maximum values for
hardness and fracturability 5450 g and 22.64 mm
respectively.

The decrease in diameter and spread factor and increase
in the texture of cookies with the addition of sorbitol is due
to the elastic shrinkage of gluten network. The increase in
water activity of treatments is due to more hygroscopic
nature of sorbitol as compared to the sucrose. Basically,
polyols reduce the Millard and Caramel browning
reactions as compared to sugars. The color of cookies
reduces with the addition of sorbitol (colorimeter reading
increases), but here trend is slightly different due to less
controlled cookies preparation and baking (time and
temperature) conditions and due to not proper calibration
of colorimeter and human reading measuring errors. The
results are in close agreement with the findings of
(Mushtaq et al., 2010; Pasha et al., 2002; Siddique,
1995).

Calorific Analysis of Cookies

The statistical data regarding the calorific analysis of
treatments showed that calorific value of treatments
decreases with the increasing sorbitol content (Figure 1).
Ts showed minimum calorific value 4.40 kcal.g'l, whereas
T, showed maximum value 6.13 kcal.g" respectively. The
decrease in the calorific value with the increasing sorbitol
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levels was due to the less energy provided by the sorbitol
as compared to the sugar. The results are in close
agreement with the findings of (Siddique, 1995; Bond
and Dunning, 2006).

Chemical Analysis of cookies

Statistical data regarding the chemical analysis of cookie
treatments revealed that moisture, ash, and crude fiber
contents increase with the increasing sorbitol content,
whereas increasing sorbitol levels have a non-significant
effect on crude protein, crude fat, and nitrogen-free extract
contents (Table 7).

T, showed minimum values of moisture, ash and crude
fiber 3.30%, 0.49% and 0.27%, whereas T5 showed
maximum values of moisture, ash and crude fiber 3.80%,
0.66% and 0.40% respectively. Crude protein ranged from
9.05 to 9.32%, crude fat ranged from 21.40 to 21.60% and
nitrogen free extract varies from 64.49 to 65.27% between
the treatments.

The moisture content of the treatments increases with the
increasing sorbitol levels was due to more hygroscopic
nature of sorbitol as compared to the sucrose. Ash contents
of treatments increases with the increasing sorbitol levels
are due to the higher ash content of sorbitol as compared to
the sucrose. Crude fiber content of cookies increases with
the higher concentration of sorbitol due to low digestion of
sorbitol as compared to the sucrose. The results are in
close agreement with the findings of others in the literature
(Mushtaq et al., 2010; Siddique, 1995; Winkelhausen et
al., 2007).

Sensory Evaluation of Cookies

Statistical data showed that the hedonic points related to
the sensory parameters of cookies decrease with the
increasing levels of sorbitol in treatments (Table 8). Ts
showed minimum hedonic points related to taste and
crispness at 6 and 6, respectively, whereas T, showed a
maximum value of 6.75 and 6.90, respectively. T4 showed
minimum hedonic points related to mouth feel and overall
acceptability of 6.20 and 5.75, whereas TO and T2 showed
maximum hedonic points of 7.05 and 7.32, respectively.

The hedonic points related to the treatments decrease
with the increasing levels of sorbitol because sorbitol
lowered the sweetness level, increased the hardness, and
had an aftertaste in cookies as compared to sugar. The
results are in close agreement with the findings of
(Mushtaq et al., 2010; Siddique, 1995; Rosell et al.,
2001).

CONCLUSION

The present study showed that the dough rheology of
wheat flour could not be significantly improved by sorbitol
supplementation. Sorbitol lowered the mixographic and
farinographic parameters values in the treatments. Sorbitol
substitution also resulted in harder, cohesive, adhesive and
elastic dough as compared to the control treatment. The
physical properties of sorbitol-substituted cookies did not
significantly improve, as replacement resulted in harder,
more brittle, lighter in color, higher in water activity and
lower in diameter and spread factor values. Calorific
content of sorbitol-replaced treatments were lowered as
compared to the control treatments. Chemical
characteristics of  sorbitol-containing  treatments

significantly improved with substitution, as moisture, ash,
and crude fiber contents of sorbitol-containing cookies
increased with the increasing levels of sorbitol. Crude
protein, crude fat, and nitrogen-free extract did not
significantly change with the sorbitol replacement in
treatments. Sensory evaluation of treatments showed that
sorbitol substitution lowered the hedonic points related to
the sensory parameters with the increasing levels of
sorbitol. T, (20% sugar replacement) showed hedonic
points of all sensory parameters closest to the control (T).
T, also showed maximum hedonic points related to the
overall acceptability of all the cookie treatments, showing
it as the best treatment of the research.
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TOTAL PHOSPHORUS, PHYTATE PHOSPHORUS CONTENTS AND THE
CORRELATION OF PHYTATES WITH AMYLOSE IN SELECTED EDIBLE BEANS IN
SRI LANKA

Keerthana Sivakumaran, Jagath Wansapala, Theja Herath

ABSTRACT
Phytate a major anti nutritional factors in legumes and it accounts for larger portion of the total phosphorus, while limiting

the bioavailablity of certain divalent cations to the human body. Legumes of eleven varieties cultivated in Sri Lanka, Mung
bean (MI5, MI6), Cowpea (Waruni, MICP1, Bombay, Dhawala, ANKCP1), Soybean (MISB1, Pbl) and Horse gram
(ANKBIlack, ANKBrown) were analyzed for phosphorus content and phytate content. Total phosphorus content was
quantified by dry ashing followed by spectrophotometrical measurement of the blue colour intensity of acid soluble
phosphate with sodium molybdate in the presence of ascorbic acid while phytate phosphorus using anion exchange
chromatographic technique followed by spectrometrical measurement of the digested organic phosphorus and amylose
content by Simple lodine-Colourimetric method. Where the least value for phosphorus was observed 275.04 +1.44
mg.100g"' in ANKBlack (Horse gram) and the highest in MISB1 (Soyabean) with 654.94 +£0.05 mg.100g™!. The phytate
phosphorus content (which is a ratio of phyate to total phosphorus) was highest in Dhawala (Cowpea). The phytate
phosphorus (which is a ratio of phyate to total phosphorus) was highest in Dhawala with 67.42% and least in Bombay
(Cowpea) with 24.87%. The amylose content of the legumes was least in Pb1 with 8.71 £0.13 mg.100mg™' and the highest
in MI6 22.58 +£0.71 mg.100mg™'. The correlation between phyate and total phosphorus was significant (p <0.05) and
positive (r = 0.62). Similarly the correlation coefficient for phytate phosphorus and total phosphorus was significant
(p <0.05) and positive (r = 0.63). Amylose content of legumes was significantly correlated negatively (p <0.05) with the
total phytates content (r = -0.82).

Keywords: phytates; phosphorus; amylose; phytate phosphorus; legumes

INTRODUCTION mixed diets, it is 150 — 1400 mg (Greiner, 2006).

Phosphorus which is an essential mineral is important for
human health and optimal livestock production. Phytic
acid (phytate; myo-inositol 1,2,3,4,5,6, hexakisphosphate)
is one of the anti-nutritional factors (ANFs) among
naturally occurring constituent of plant seeds, roots, tubers,
and some fruits and vegetables and it acts as a storage
form of phosphate (Reddy and Sathe, 2002). In seed and
grains phytate is accumulated within subcellular single
membrane particles, aleurone grains or protein bodies.
Legumes are the richest source of macro nutrients such as
protein, starch and micronutrients minerals and vitamins
while they contribute to important health protective
compounds such as phenolics, inositol phosphates and
oligosaccharides. Lolas and Markakis (1975) stated that
phytate accounts for 80% of the total phosphorus in most
legumes. The recommended average daily intake of
phytate for humans on vegetarian diets, is 2000 — 2600 mg,
for inhabitants of rural areas in developing countries, on

Presence of phytates is of a major concern in the foods and
animal feeds industries because the phosphorus in this
form is unavailable to monogastric animals due to a lack of
endogenous intestinal phytases; enzymes specific for the
dephosphorylation of phytic acid (Greiner, 2006) .In
poultry rearing where sufficient dietary intake of
phosphorus is maintained for reducing phosphorus intake
in poultry manure. In addition, the strong chelating
characteristic of phytic acid which works on a broad pH
range reduces the bioavailability of other essential dietary
nutrients such as minerals (e.g. Ca®" ,Zn** Mg?', Mn*",
Fe?*/**, proteins and amino acids (Garcia-Estepa et al.,
1999; Azeke, 2010). Phytate occurs primarily as
Potassium-Magnesium salt in rice, beans, sesame seeds
and as a Calcium- magnesium-Potassium salt in
soyabeans. Phytic acid is hydrolysed enzymatically by
phytases. Apart from the binding divalent cations dietary
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phytic acid has beneficial effects by acting as antioxidant
or anticancer agent (Raboy, 2001).

Scientific hypothesis

Usually legume based food (cooked) items contain higher
amounts phytate than the cereal-based food items. Few
food items, such as sesame seeds (toasted), soy protein
concentrate, rice (unpolished and cooked), maize bread
(unleavened) and peanuts have exceptionally high amounts
of phytate (Dahiya, 2016). As such the aim of this study is
to determine the correlation between Phosphorus content
and the phytate contents in legumes, correlation between
the phytate phosphorus and the total phosphorus content as
well as the correlation between Amylose and total phytates
in some commonly consumed legumes in Sri Lanka.

MATERIAL AND METHODOLOGY

Chemicals
Anion exchange resin (AG 1- X 4 Chloride form, 100-
200 mesh) and the other reagents with analytical grade.

Materials

In this study, two varieties of mung bean (MI5 and MIG6),
five varieties from cowpea (ANKCP1, MICP1, Bombay,
Wauni and Dhawala), two varieties from soybean
(PbO0land MISB1) and two varieties from horse gram
(ANKBIlack, ANKBrown) recommended by the
Department of Agriculture, Sri Lanka were selected. These
eleven legume varieties were obtained by random
sampling method under same field and similar
environmental conditions from Angunakolapelessa, Grain
Legumes and Oil Seed Crops Research and Development
Centre, which is the main agriculture research centre
located in Southern Dry Zone of Sri Lanka. Samples were
stored in the cold room at 10 °C till further usage.

Sample preparation

Cleaned and dried whole legume seeds were ground with
a RETSCH S/S CROSS BEATER Hammer Mill Skl to
0.5 mm (500 um) sieve size and the flour was packed in an
air tight polythene bag till further usage.

Determination of phytate phosphorus content

Anion exchange method described by AOAC (2012) in
method 986.11 was used in determining the phytate
content in the legumes.

A glass column about 0.7 mm x 30 mm with a valve with
anion exchange resin AG 1 — X 4 Chloride form, 100 —
200 mesh was used in the determination of phytate
phosphorus content.

Phytate extracted from duplicate test portions of dried
legume flour using dilute HC1 (1 mL), mixed with 1 mL
Na;EDTA-NaOH solution and placed on an ion exchange
column, the elute was discarded. Then the column was
eluted with 15 mL of distilled water followed by 0.1 M
NacCl respectively. Both elutes were discarded. Finally the
column was eluted with 15 mL of 0.7 M NaCl and the
fraction was collected to a digestion tube. 0.5 mL of
concentrated H,SO4 and 3 mL of concentrated HNO3 were
added to the tube and digested on a kjeldhal block at
250 °C until yellow fumes evolved. The boiling was

continued until clear solution was obtained. When the
flask was cooled 10ml of distilled water was added and
heated for 10 minutes at low heat. After cooling the
contents of the tube was transferred to a 50 mL volumetric
flask followed by addition of 2ml of molybdate solution
and 1ml sulfonic acid make up to the mark and mixed
well. After 15 minutes absorbance was measured at
640nm.

The recovery of the column has been tested using
standard Sodium phytate solution of concentration
2.8 pg.mL"!. Triplicate samples were done with the
standard phytate solution to test the recovery of the
column. Standard curve plotted using Standard phosphate
solution (Primary standard, 80 pg.mL"' KHpPOy) was

used in determining the phytate phosphorus content.

Determination of total phosphorus
Initially a standard curve for Phosphorus was plotted
using 0.01 mg P.mL"' standard phosphorus (KHpPOy)

solution. Phosphorus (total) in foods method described in
AOAC (2012) (method 995.11) was used to analyse the
phosphorus content in eleven legume varieties. Flour (1.5
g) was weighed into a crucible and 0.5g of Zinc oxide was
added and mixed. Then the samples were ashed in the
muffle furnace at 550 °C for 4 hours. Then the crucibles
were removed from the furnace and let to cool. To the cold
crucibles, 5 mL of water, and 5 mL of concentrated HCI
were added. The crucibles were covered with watch glass
and boiled for 5 minutes in a water bath. The contents of
the crucibles were filtered into a 100ml volumetric flask
and rinsed the crucibles and watch glass with hot water
through the filter into the flask. After cooling the flask to
room temperature, 50% KOH was added until the solution
was slightly opalescent. HCl was added until the
opalescent disappears. The solution was cooled to room
temperature and diluted to the volume with water. Then
10 mL of the solution was transferred into a 100 mL
volumetric flask and diluted to the mark. Then 5 mL of the
diluted solution was transferred to a 50 mL volumetric
flask and 15 mL of deionized water was added. Then
20 mL of molybdate ascorbic acid solution prepared
immediately before use, 25 mL of sodium molybdate
solution and 10 mL of ascorbic acid solution was
transferred to a 100 mL volumetric flask, the solution was
mixed and diluted to markwas added and swirled. The
flasks were loosely stoppered and placed in a metal basket.
The metal basket was placed in vigorously boiling water
bath for 15 minutes. Then the flasks were cooled under the
tap water and diluted to the volume with deionized water.
Absorbance was measured at 823nm.

Determination of amylose content

Initially a standard curve for Amylose was plotted using
Standard potato amylose solution (0.40 mg.mL™").
Powdered sample of the legume variety (particle size 0.5
mm, 100 mg) was precisely measured into an Erlenmeyer
flask (100 mL). ethy alcohol (95%, 1 mL), NaOH (1 N,
9 mL) were added to the flask and boiled to gelatinize for
10 minutes in boiling water bath. The solution was cooled
to room temperature and was transferred into a volumetric
flask (100 mL) with two successive washings. An aliquot
(5 mL) was transferred into a volumetric flask (100 mL).
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Acetic acid (1 N, 1 mL) and Iodine/Potassium lodide
(2mL) were added. The solution of each flask were
diluted to 100 mL mark with distilled water. Meanwhile
blank was prepared without sample with other same
conditions. After stabilizing the samples at 30 °C, the
absorption was measured 620 nm using UV-
spectrophotometer.

Statistical analysis

All the data were analyzed using parametric tests. The
data were statistically evaluated by one way ANOVA
using Minitab 17 software. All test procedures were made
at 5% significant level (p <0.05).

Microsoft excel 2013 has been used for graphical
illustration of data. The correlation between phosphorus
and phytate contents were determined using Pearson’s
correlation test.

RESULTS AND DISCUSSION

Total phosphorus content in legumes

Legume sample is dry ashed to remove any organic
compounds. Acid soluble phosphate forms a blue complex
with Na,MoOy in the presence of ascorbic acid as the
reducing agent. Intensity of the blue colour is determined
spectrophotometrically.

The phosphorus content of the legume varieties ranged
from 275.04 +1.44 mg.g”! in ANKBrown to 654.94 £0.05
in MISBI1. There was a significant difference (p <0.05)
among the phosphorus content of the legume varieties
(Refer to Tables). There was a significant difference
(p <0.05) in phosphorus contents between soya bean
varietals of Pbl and MISBI1. There was no significant
difference (p >0.05) existing between Waruni and MICP1
varieties of Cowpea, while there was significant difference
(p <0.05) among Bombay, Dhawala and ANKCPI.
According to Ravindran et al. (1994) it was reported that
the phosphorus content of soyabeans, cowpea and green
gram were 600 mg.100g!, 390 mg100g!' and
380 mg.100g™! respectively which are in accordance to the
results obtained. There was a significant difference

Table 1 Phosphorus and phytate phosphorus.

(» <0.05) between MI5 and MI6, and similarly ANKBlack
and ANKBrown. According to Vitorello et al. (2002)
grain phosphate content can vary depending the dose of
fertilizer phosphorus and the difference in genotypes.

Phytate phosphorus contents of legumes

It was shown in the table the phytate phosphorus content
of the legume wvarieties were significantly different
(p <0.05) from each other. The phytate phosphorus content
ranged from 103.056 +£10.255 mg.g! in ANKBIlack to
334.545 +£13.397 mg.g”! in Pbl. There was no significant
difference (p >0.05) between the phytate phosphorus
contents of Soya bean varieties Pbl and MISB1 varieties.
Meanwhile there was significant difference (p <0.05)
between the Cowpea varieties Dhawala and ANKCPI.
There was no significant difference (p >0.05) between
Mung Bean varicties of MI5, MI6, and the cowpea
varietals of Dhawala, Bombay and ANKBlack of Horse
gram. The study of Ologhobo and Fetuga (1982)
indicated that generally phytic acid phosphorus
represented 31.3 — 59.4% of total phosphorus with an
average of 47.2%. These results are partly consistent with
a view that phytic acid is the principal form of phosphorus
in many seeds and that about 40 — 80% of the total
phosphorus contents of dry legume seeds are in the form of
phytic acid phosphorus (Lolas and Markakis, 1975).

Phytic acid is the principal form of phosphorus in many
seeds and that about 40 — 80% of the total phosphorus
contents of dry legume seeds are in the form of phytic acid
phosphorus (Lolas and Markakis, 1975). Ologhobo and
Fetuga (1982) indicated that the soybean dry seeds were
the richest source of phytate (1.47% dry weight basis)
followed in descending order by cowpeas (1.37%). The
ratio of phytate phosphorus as percentage of total
phosphorus was highest in soybeans.

There was a significant, (p <0.05) positive correlation
between phosphorus and phytate contents with the
correlation coefficient of 0.62 as shown in Figure 1.
According to the findings of Chitra (1994), there was a
significant positive correlation (r = 0.99) between phytic
acid and total phosphorus content in all the legumes.

Nameof Variety Phosphorus mg.100g™! £SD Phytate Phosphorus mg.100g™! Phytate P as a % of
+SD total phosphorus
Soya bean
Pb1 573.70 £3.37° 334.55+13.40* 58.31%
MISB1 654.94 £0.05 * 286.23 £0.92 @ 43.70%
Cowpea
Waruni 443.19 +0.00 ¢ 117.79 +4.63 ¢ 26.58%
MICP1 441.44 +1.774 241.26 £7.65° 54.65%
Bombay 544.71 £1.89 ¢ 135.45+£4.58 ¢ 24.87%
Dhawala 377.70 £0.31 ¢ 254.64 £23.27° 67.42%
ANKCP1 427.45 +0.00 © 192.14 £0.95 © 44.95%
Mung bean
MIS 373.09 £0.64 ¢ 131.83 +28.48 ¢ 35.33%
MIeé 405.63 £3.16 f 119.32 £7.00 ¢ 29.42%
Horse gram
ANKBIlack 284.49 £4.66 1 103.06 +£10.26 ¢ 36.23%
ANKBrown 275.04 £1.44 1 159.12 +£19.10 = 57.85%

Note: results are expressed as mean +standard deviation of triplicates and Means that do not share a same letter are
significantly different (p <0.05).
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Table 2 Amylose contents of legumes.

Name of variety

Amylose mg per 100mg sample £SD

Soya bean
Pb1
MISB1
Cowpea
Waruni
MICP1
Bombay
Dhawala
ANKCP1
Mung bean
MIS
MIeé
Horse gram
ANKBIlack
ANKBrown

8.71 £0.13 ¢
8.99+0.18 ©

20.85+0.16°
18.56 £0.41 ¢
21.02+0.19°
20.60 £0.22 ®
20.06 £0.25 °

22.24+091°
22.58 +£0.71®

20.10 £0.04 9
19.23 £0.04 ¢

Note: results are expressed as mean +standard deviation of triplicates and Means that do not share a same letter are

significantly different (p <0.05).

Scatterplot of Phytates mg/g vs amylose mg/100mg

Phytates mg/g
()]

y=11.71 - 0.3463x
r=-0.82

10.0

15.0

.5 20.0 22,5

amylose mg/100mg

Figure 3 Correlation between total phytates — mg.g' and amylose — mg.100mg™' in legumes.

According to the finding of Raboy et al. (1984) and
Mosenthin (2007), phytic acid and seed total phosphorus
in soybean gradient stated were highly and positively
correlated (r = 0.94)

The magnitude of correlation coefficient obtained in the
analysis was low due to one of the reason of prolonged
storage of legumes led to activation of phytase enzyme at
high humidity and high temperature conditions which can
lead to significant loss in phytates. According to Chitra
(1994) the decrease in phytic acid was the lowest in
soybean (29%) after 12 months of storage at 25 °C and
37 °C. The values obtained are in close agreement with the
results reported by Reddy and Sathe (2002).

An experiment conducted by Cossa et al. (1999) for
maize samples phytate phosphorus and phosphorus
contents were determined where the correlation coefficient
was 0.70. Though some of the results of phytate
phosphorus and total phosphorus obtained deviates from
that reported in the literature, could be due to certain

reasons such as variations in the environmental factors
such as locations, irrigation conditions, type of soil,
fertilizer applications, year of growing the cultivar etc.

The sample that has been used for the analysis was stored
in the cold room till further usage which could had again
led to loss in phytates with storage time (Reddy and
Sathe, 2002). The population in the developing countries
consumes plant foods like legumes on a daily basis, there
can be problems in meeting the daily dietary requirement
for phosphorus, since it is clear from the experimental
results that phytate phosphorus account for 29 to 67% of
the total phosphorus which can adversely affect the
mineral absorption (Chitra, 1994). As such it is advisable
to consume processed (fermented/cooked/germinated)
legumes in order to reduce phytate contents (Reddy and
Sathe, 2002). There are studies stating that phytate
containing foods are rich sources of dietary fiber which
have great affinity for minerals at the same time, therefore
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it is difficult to state that phyate availability solely affects
mineral absorption (Ravindran et al., 1994).

Amylose contents of legumes

The amylose content in legumes ranges from 8.705 +0.129
mg.100g™" in Pbl to 22.580 £0.714 mg.100g" in MIG.
There is a significant difference (p <0.05) existing among
the amylose content of eleven legume varieties. The
amylose content of MIS5 and MI6 are significantly higher
than the other varieties, which are not in the range of the
values obtained by Kaur et al. (2011) where mung bean
(Vigna radiata L) amylose contents were varied between
29.9 — 33.6 mg.100mg’'. Similarly Sandhu and Lim
(2008) who studied the digestibility of Indian legumes
stated the amylose % of mung bean as 31.6 +0.7
mg.100mg™!. the amylose content of Soyabean are
significantly lower (p <0.05), which is lower that the
values obtained by Stevenson et al. (2006), where the
apparent amylose content was 19 — 22 mg.100mg™ and
absolute amylose content was 11.8 — 16.2 mg.100mg™! in
Glycine max (L.)Merr. But according to Gunathilake et
al. (2016) who observed that the carbohydrate contents in
two varieties of Soyabean Pbl and MISB1 as 18.0% and
15.0% respectively, it is evident that a lower amylose
content can be as a result of lower total carbohydrate
content. There is no significant difference (p >0.05)
between ANKBIlack and ANKBrown varieties, the values
obtained by Marimuthu and Krishnamoorthi (2013) for
the amylose content of the South Indian horse gram was
32.14 £0.10 mg.100mg’!, similarly Chavan et al. (2010)
stated the amylose content of black horsegram to be
36.30 £1.40 mg.100mg™! which are not in accordance to
the values obtained in the experiment. The amylose
content of MICP1 is significantly lower (p <0.05) from the
other cowpea varieties.

According to Pearsons correlation between phytates and
amylose there is a significant negative (p <0.05) correation
existed between the phytate and amylose content of
legumes (r = -0.82), according to Dayakar et al. (2016)
there was a significant correlation between amylose and
phytates contents in Sorghum was -0.26.

CONCLUSION

Soyabean contains the highest amount of Phosphorus of
654.94 £0.05 mg.100g™! in MISB 01 and least amount of
275.04 +1.44 mgl100g' in ANK brown. Phytate
phosphorus accounts for major portion of the total
phosphorus ranging from 29.42% to 67.42% in legumes.
There is a high positive correlation between phytate and
Phosphorus as well as phytate phosphorus and phosphorus.
While, there is a strong negative correlation between
phytates and amylose content in legumes.
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COMPARISON OF RHEOLOGICAL PROPERTIES OF VARIETAL GRAPE SEED
OILS

Patrik Burg, Petr Travnicek, Vladimir MaSan, Kazimierz Rutkowski, Viadimir Visacki

ABSTRACT

The aim of this work was to determine the rheological properties of grape seed oils from different varieties selected at
different temperatures. Measurement of the rheological properties of grape seed oils was performed on the instrument
Anton Paar MCR 102. The rheological properties of the liquid have been performed at temperatures of 0 °C, 15 °C, 30 °C,
45 °C and 60 °C. The density of measured samples ranged from 0.905 +0.002 to 0.948 +0.002 g.mL"!. Subsequently, there
were determined viscosity values at a shear rate of 5 s™'. As expected, the viscosity decreased with increasing temperature.
Highest viscosity values reached grape seed oil of variety Pinot gris where at 0 °C the viscosity reached 0.206 +0.037 Pa s.
Samples measured at 0 °C showed non-Newtonian behavior, while at higher temperatures liquids behave as Newtonian
substances. All grape seed oils samples exhibit non-Newtonian behavior at lower temperatures. In experiments carried out
at 0 °C, it was observed that the tested samples tends to behave as shear-thinning system with thixotropic properties. At
higher temperatures was, in line with other scientific works, observed that samples behave as Newtonian fluids. Knowledge

of the rheological properties of oils are very important for their processing, storage, and may affect their quality.

Keywords: grape seeds; grape seed oil; rtheology; viscosity

INTRODUCTION

Globally, there are produced more than 120 million tons
of edible oils and fats while approximately 80% of them
are derived from plant sources and thus they are referred to
as vegetable oils. The development of natural oils is one of
the alternatives how to protect the environment from
hazardous materials (Fasina and Colley, 2008). Oils and
fats are the essential materials for margarine, shortening,
salad oil and other specialty or tailored products, which
have become significant ingredients in food preparation or
processing in homes, restaurants, food manufactures and
they are one of the main ingredients used to manufacture
soaps, cosmetics and  pharmaceutical  products
(Rodenbush et al., 1999). The majority of edible oils and
fats produced worldwide annually is derived from plant
sources and these are referred as vegetable oils. Common
commercially-available vegetable oils are colza, olive,
sunflower and others (Francakova et al.,, 2015). New
possibilities in terms of application are in larger scale
offered by grape seed oil (Hamm and Hamilton, 2000).

According to chemical composition, grape seed oil
belongs to oils with a high proportion of unsaturated fatty
acids (90%), 75% of which is represented by linoleic acid
(Baydar and Akkurt, 2001). Thus, it can be considered as
very valuable in terms of nutrition. A high proportion of
tocotrienols in wine oil, i.e. substances, which are together
with tocopherols included in the group of vitamins E,

makes this oil significantly different from the other
described vegetable oils (Hassanein and Abedel-Razek,
2009). Tocotrienols may have a much higher antioxidant
capacity in comparison to tocopherols, which are often a
single component representing vitamin E in other
vegetable oils (Choi and Lee, 2009; Hassanein and
Abedel-Razek, 2009).

From the perspective of contained substances, grape seed
oil has been studied rather in detail, however, information
about its physical properties are insufficient (Fasina and
Colley, 2008). Oil viscosity has the greatest importance
from the perspective of rheological properties. Oil
viscosity is typically measured and defined in two ways,
either based on its absolute (dynamic) viscosity or its
kinematic viscosity. The absolute viscosity of oil is its
resistance to flow and shear due to internal friction and it
is measured with SI units of Pa s. In contrast, the
kinematic viscosity of oil is its resistance to flow and shear
due to gravity and it is measured with SI units of m?.s'.
The kinematic viscosity of oil can be obtained by dividing
the absolute (dynamic) viscosity of oil with its
corresponding density (Diamante and Lan, 2014). In case
of non-Newtonian fluids, we talk about the so-called
apparent viscosity. This value is a variable depending
especially on the shear rate value. Therefore, it is
reasonable to state this value only when we know
measuring conditions (Singh and Heldman, 2001).
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It has been well established that temperature has a strong
influence on the viscosity of fluids with viscosity generally
decreasing with increase in temperature (Rao, 1999). The
Power Law (Ostwald) is commonly used to describe the
relationship of the temperature dependence on vegetable
oil viscosity (Fasina and Colley, 2008). Several
researchers have reported the viscosity of vegetable oils at
room temperature (Lang et al., 1999; Diamante and Lan,
2014). The studies about temperature effect on viscosity of
vegetable oils have been mostly carried out at temperatures
above 30 °C. The absolute viscosity of fluids is an
important property needed in fluid flow and heat transfer
unit  operations. This includes pumping, flow
measurement, heat exchange, sterilization, freezing and
many other operations. The aim of this study was to
evaluate the rheological behavior of varietal grape seed
oils at different temperatures.

Scientific hypothesis
Grape seed oils obtained through pressing at different
temperatures behave as Newtonian fluids.

MATERIAL AND METHODOLOGY

Sample

For the purpose of this paper, grape seed oil of six grape
species was used. The oil was pressed on the UNO FM 3F
press. This press model is designed for pressing of all oily
seeds. The drive is configured for the three-phase voltage
with the possibility to change main drive speed by a
frequency changer, which enables better optimization of
press parameters. The press consists of an electric motor
(power 1.5 kW), transmission, stamping system and motor
starter including a frequency changer. The stamping
system consist of a matrix, scroll, head, holder, nozzles,
nozzles with diameter of 10 mm and heating cup.

Rheological measurement

The rheological evaluation of grape seed oil for this
paper was performed on an Anton Paar MCR 102
Rheometer (Austria) with the measuring geometry cone-
plate. The gap between the cone and the plate is set at the
stable value of 0.103 mm. The diameter of the cone
equaled to 50 mm with the angle of 1°. Rheological tests
were performed at the temperatures 0 °C, 15 °C, 30 °C, 45
°C and 60 °C. Values of shear rates at individual
rheological tests were following: Hysteresis loop test — the
range of shear rate was set from 2 to 100 s, Time
dependent test — the constant value 50 s! of shear rate was
set. The apparent viscosity was measured at the shear rate
557l

The Power Law (Ostwald) model was used to evaluate
dependence of the shear rate on the shear stress. This

Table 1 Description of samples (n = 3).

model is applied to fluids without initial yield stress and it
was utilized for rheological description of foods. For
example, authors Al-Mahasneh et al. (2014) state that the
Power Law model is appropriate for description of
rheological behavior of honey. This model is given by
equation:
T=Kxy" (D)
where: T — shear stress (Pa), K — consistency coefficient,
vy — shear rate (s!), n — flow behavior index.

The linear regression analysis of measured values was
also carried out for the comparison.

Statisic analysis

Each measurement was repeated three times. Therefore, a
standard deviation was determined for every value
characterizing the sample of grape seed oil. The data were
treated with a one-factor analysis of variance. Tukey HSD
(honest significant difference) at the significance level of
0.05 was utilized for multiple comparisons of data. A
statistical analysis was carried out using the software
package “Statistica 12.0" (StatSoft Inc., USA).

RESULTS AND DISCUSSION

Sampling of wine marc from 6 species (Dornfelder—Dr,
Blaufrankisch—BF, Palava—Pa, Riesling—RR, Pinot gris—
PG, Zweigelt-Zw) was carried out in order to separate
seeds immediately after pressing on pneumatic presses in
the processing season 2015. The compression pressure in
the pneumatic presses was in the range of 1.8 bar. In order
to separate seeds from wine marc, there was used a
vibratory separator prototype, which applies the principle
of mechanic vibrations transmitted to three plane sieves
with different hole shape and size. In order to achieve
successful pressing of seeds and for their potential storage,
their initial humidity was decreased from 40 — 45% to 8 —
10%, because at higher humidity around 20% there occurs
fast mould infection and subsequent spoilage. The
temperature during drying in a chamber dryer did not
exceed 40 °C. The varietal grape seed oil was pressed on
the UNO FM 3F press. All oils were stored at room
temperature (around 20 °C) and in a dark place before the
analysis. Table 1 shows the species of tested oils according
to varieties, place of their origin and volume weight.

The apparent viscosity was determined as the first
rheological parameter of the analyzed samples. The values
for apparent viscosities of the individual samples at
various temperatures and at the shear rate of 5 s are
shown in Table 2. For comparison, the dynamic viscosity
of wine ranged from 0.001479 to 0.001945 mPas in the

3 [e]
Sample Origin Variety Dg‘slilt{_?ié(])))C
Dr Velké Bilovice Dornfelder 0.948 +0.002
BF Rakvice Blaufrankisch 0.911 +0.004
Pa Rakvice Palava 0.943 +0.001
RR Velké Pavlovice Riesling 0.941 +0.003
PG Velké Bilovice Pinot gris 0.905 +£0.002
W Rakvice Zweigelt 0.933 +0.001
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Table 2 Apparent viscosity of samples at the shear rate 5 s (n = 3).

Sample Apparent viscosity (Pa s)
0°C 15 °C 30 °C 45 °C 60 °C
Dr 0.195 +0.005 0.075 +0.002 0.042 +0.000 0.027 +£0.000 0.019 +0.001
BF 0.172 +£0.015 0.078 £0.001 0.041 +£0.000 0.024 +0.001 0.017 +£0.002
Pa 0.180 +0.001 0.078 +£0.000 0.043 £0.001 0.025 +£0.001 0.021 £0.002
RR 0.163 +£0.020 0.079 £0.000 0.044 +0.001 0.028 £0.001 0.018 +0.001
PG 0.206 +0.037 0.075 +£0.003 0.040 +0.001 0.024 £0.001 0.017 +0.001
W 0.165 +0.002 0.076 +£0.002 0.042 +0.000 0.027 £0.000 0.017 +0.001

work presented by KoSmerl et al. (2000). The value of
apparent viscosity in rendered fat at the temperature 10 °C
and the shear rate 50 s reached the approximate value
0.16 Pa s (Travnicek et al., 2013). Diamante and Lan
(2014) conducted determination of values of viscosity in
vegetable oils of different origin. In case of grape seed
oils, they determined the value 0.0227 Pa s at the
temperature 50 °C, at the temperature 26 °C then viscosity
reached the value 0.0466 Pa s. Authors of the publication
state that in this range of temperatures grape seed oil
behaved like Newtonian fluid. Also Fasina and Colley
(2008) carried out determination of viscosity of vegetable
oil at different temperatures. Results of their measuring in
grape seed oil range from 0.0415 to 0.0169 Pa s
(temperature 35 — 65 °C). As in the previous case, authors
Fasina and Colley (2008) state that in the tested range of
temperatures (35 — 180 °C) grape seed oil behaved like
Newtonian fluid. It is then apparent from Table 2 that
viscosity values are in correspondence with values
measured by other authors (Diamante and Lan, 2014;
Fasina and Colley, 2008). It is also evident that according
to expectations viscosity decreases with increasing
temperature. The same effect of temperature on the
absolute viscosities of vegetable oils was also observed by
Steffe (1992), Abramovi¢ and Klofutar (1998) and
Santos et al. (2005) for various vegetable oils at different
temperatures.

In statistical evaluation of measured data by ANOVA,
there was the hypothesis hO accepted in all cases stating
that there is no statistically significant difference in
apparent viscosity among samples at individual
temperatures at the level of importance o = 0.05.

Afterwards, the so-called hysteresis loop test was
performed. It consisted of gradual increasing of the shear
rate to the set value. The sample was stressed at the
constant shear rate value and then the shear rate was
gradually decreased. If a loop was created, it was possible
to describe the given sample as showing either thixotropic
or anti-thixotropic (rheopectic) behavior. Thixotropic
behavior is obtained from shear-thinning fluids in which
no equilibrium is established between the structural

breakdown and reformation process (Pyle et al., 1997) and
can be described as a time dependent shear—thinning
system. On the other hand, anti-thixotropy can be
considered as a time dependent shear—thickening system.

Hysteresis loops of individual samples were observed at
0 °C. However, it was evident that hysteresis loops are not
significant. This test was conducted also for further
temperatures (15 °C, 30 °C, 45 °C and 60 °C). Significant
hysteresis loops were not recorded at these temperatures.

It is possible to determine the so-called degree of
thixotropy (in case of positive values) or antithixotropy (in
case of negative values) when calculating the area of
created loop. The software provided together with the
equipment Anton Paar MCR 102 was used for the
calculation. Calculation results are visible in Tab. 3. It is
obvious from the table that values of the hysteresis area are
very low and they decrease with increasing temperature.
By the influence of high variability of measured data there
were calculated high values of standard deviations (SD).
Also according to the assumption (probably again by the
influence of high variability of data) there were not
recorded any statistically significant differences between
individual samples and individual temperatures. For
comparison, the value of the hysteresis area of heather
honey at the temperature 10 °C is 25000 Pa s (Witczak
et al., 2011), in case of wine lees this value moved around
1.25 Pa s (Lachman et al., 2015). However Baudez
(2006) states that hysteresis area is simply a consequence
of the shear localization rather than thixotropic behavior
and its area is closely linked to the apparatus and the data
sampling. This means that the loop test is only an
approximate test for rheology evaluating of samples. Due
to this reason, there is necessity of another types of
rheological tests.

Thus, based on this type of test, it is not possible to
decide if it is Newtonian or non-Newtonian fluid,
especially due to high variability of data (Table 2). In case
it was Newtonian fluid, dependence of the viscosity value
on the shear rate value would be constant. If it was non-
Newtonian fluid, viscosity would change with the
increasing shear rate value. In Figure 1 there are shown

Table 3 Hysteresis areas of samples at various temperatures (n = 3).

Sample Hysteresis area (Pa s™)
0°C 15 °C 30 °C 45 °C 60 °C
Dr 2.01+1.28 1.57 £2.23 1.25 +0.56 0.97 £0.37 0.01 £0.25
BF 291 £1.07 2.46 £1.40 1.17 £0.73 0.34 £0.28 0.13 £0.47
Pa 5.20+£3.42 4.40 +1.37 1.2940.11 0.20 £0.20 0.12+1.13
RR 7.97 £27.54 0.65 +0.84 0.59 +£0.13 0.66 £0.51 0.09 +0.46
PG 3.04 £15.80 1.95 +£1.00 0.46 £0.04 0.23 +0.35 0.11 £0.20
W 4.61 +£0.42 1.74 £0.75 0.53 +0.44 0.16 £0.05 0.06 £0.05
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Figure 1 Dependence of the apparent viscosity on the shear rate at the temperature of 0 °C for samples.

dependences of the shear rate on the apparent viscosity in
individual samples at the temperature 0 °C.

It is obvious from the picture, that there occurs decrease
of viscosity with the increasing shear rate. This would
indicate that it is the shear-thinning system, alternatively
the shear-thinning system with thixotropic behavior.

Nevertheless, it is necessary to mention that in some cases
there are small changes of viscosity with the increasing
shear rate. In case of increasing temperature, changes of
viscosity are not almost noticeable in individual samples.
The next step utilized the Ostwald mathematical model to
evaluate dependence of the shear rate on shear stress.
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Figure 2 Change of the apparent viscosity over time at the temperature of 0 °C for samples.

This model is mostly used to describe flow curve
material(s) with shear-thinning (pseudo plastic) or shear-
thickening (dilatant) behavior without initial yield stress.

0.9974 to R? =

600

600

600

The results of calculation showed that determination
coefficient of all temperatures and varieties is very high,

ranging from R? 0.9999. Authors
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Diamante and Lan (2014) described dependence of the
shear rate on shear stress by linear regression. The
coefficient of determination in case of description of
dependence of the shear rate on shear stress in grape seed
oil ranged from R? = 0.9995 to R?> = 1.000. In case of
description of dependence of the shear rate on shear stress
by linear regression, the coefficient of determination in
individual samples ranged in the interval from
R?=10.9996 to R? = 0.9999.

Further important parameters of the Ostwald model are
parameters »n and k. The consistency index k indicates the
extrapolated shear stress at the unit shear rate. The flow
index is the rate of deviation from Newtonian behavior;
when n <1, the apparent viscosity of the sample decreases
(shear-thinning behavior), although the apparent viscosity
of the sample increases when n >1 (shear-thickening
behavior). If n = 1, it is Newtonian fluid. Values of
coefficients n is always close to 1. Generally, it can be
said, that coefficient » is the lowest at the temperature
0 °C. While the lowest value n was shown in case of the
sample Dr at the temperature 0 °C (r = 0.91 £0.011). The
highest value of parameter & was calculated also for the
sample Dr at the same temperature (kK = 0.246 +0.013).
After completion of the analysis of variance there were
found statistically significant differences in the coefficient
n in samples Dr and Pa, RR, Zw at the temperature 0 °C
and in samples PG and Pa, RR, Zw at the same
temperature.

On the basis of past findings, it can be assumed that oil
samples at low temperatures (0 °C) behave as shear-
thinning fluids or as shear-thinning fluids with thixotropic
behavior. Thixotropic fluids are time-dependent, or
viscosity value changes over time at the constant press. It
is necessary to conduct another type of test in order to
confirm or rebut the presumption about thixotropic
behavior of samples. The subsequent set of tests consisted
of measuring of change of apparent viscosity depending on
time at a constant value of shear rate.

Results of the experiment at the temperature 0 °C for
individual samples of species are stated in Figure 2. It is
apparent in pictures, that there occurs decrease of apparent
viscosity over time in all samples. Nevertheless, it is
necessary to remark that decrease is very small. In the Dr
sample decrease of the apparent viscosity makes
approximately 5% from the original value, in the BF
sample approximately 2.5%, in the sample Pa 4.5%, in the
sample RR 3%, PG 2%, and in the sample Zw also
approximately 2%. After circa 10 minutes, apparent
viscosity values stabilize and there does not occur further
decrease.

From the perspective of previously stated information it
is possible to consider that a system becomes a shear-
thinning system with thixotropic properties at lower
temperatures. At higher temperatures a system becomes
Newtonian fluid. This phenomenon can be explained by
the fact, that oil pressed from grape seeds contains micro
particles, which are diffused within the fluid. In case of
lower temperatures, intermolecular powers increase and
probably help diffused particles to create aggregates in a
stressed sample, which afterwards result in decrease of
viscosity and so-called shear-thinning behavior with
thixotropic properties. In case of longer pressure these
aggregates disorganize and values of apparent viscosity

stabilize. Another aspect, which can contribute to this
behavior of fluid, is formation of ice crystals from water,
which is in a small amount represented in oil. We also
cannot forget the fact, that at lower temperatures there may
occur crystallization of fats (Bell et al., 2007). Generally,
the crystal size, shape and alignment, degree of formation
of mixed crystals and ability of crystals to flocculate into a
network which increases firmness are important (Opfer,
1978).

CONCLUSION

The professional publications cited in the text, which
dealt with rheological properties of oils (including grape
seed oils), imply that all monitored samples showed
Newtonian behavior. Temperature 26 °C was the lowest
temperature at which these fluids were tested (Diamante
and Lan, 2014). In the work, there were tested grape seed
oil samples also at lower temperatures. Followings
conclusions can be draw from this work:
1. Samples of grape seed oil behave like Newtonian fluid
at higher temperature.
2. It was observed during the experiments that tested oils
have the tendency to behave like the shear-thinning system
with thixotropic properties at the temperature 0 °C.
3. This phenomenon may be caused for example by micro
particles, which are due to higher values of intermolecular
forces at lower temperatures attracted and create
aggregates. Non-Newtonian behavior may be also caused
by formation of crystals from water contained in oil or also
by formation of crystals caused by fat crystallization at
lower temperatures.
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EVALUATION OF ANTIOXIDANT POTENTIALS OF DIFFERENT SOLVENT-
FRACTIONS OF D/ALIUM INDIUM (AFRICAN BLACK VELVET TAMARIND)
FRUIT PULP - /N VITRO

Afolabi Olakunle Bamikole, Oloyede Omotade Ibidun, Obajuluwa Adejoke Ibitayo, Adewale
Olusola Bolaji, Olayide Isreal Idowu, Balogun Bosede Damilola, Fadugba Abimbola, Obafemi
Tajudeen Olabisi, Awe Obabiolorunkosi Joseph, Adewumi Funmilayo

ABSTRACT

Plant phytonutrients have been harnessed for their various curative properties both in vitro and in vivo. In this study African
black velvet tamarind (ABVT) fruit pulp was evaluated for it antioxidant potentials using chloroform and hexane fractions
through different antioxidant parameters. In the results; total phenolic contents quantified in mg GAE/dried sample in
chloroform and hexane extracts were; 14.57 £5.85 and 9.78 +4.61, total flavonoid contents in chloroform and hexane
extracts as; 48.58 +£0.00 and 27.35 +0.00 while the FRAP (ng AAE.g"' dried sample) was lower in chloroform (298.10
+0.00) than hexane extracts (1029.81 £0.00). More also, ability of varied concentrations of the extracts (with their IC50) to
cause inhibition against Fe**-induced MDA that was determined by TBARS in rat’s brain and liver tissue homogenates,
Fe’'-chelating ability and other antioxidant assays, showed an appreciable significant (p <0.05) difference. The various
antioxidant properties showed by ABVT has indicated that, if the pulp is incorporated in diet, it could serve as an
alternative in managing various ROS-induced degenerative ailments as it has been clearly demonstrated in the protection of
brain and liver homogenates from Fe**-induced oxidative stress.

Keywords: Oxidative stress; cellular damage; antioxidants; Dialium indium; African Black velvet tamarind

INTRODUCTION

Oxidative stress induction through reactive oxygen
species (ROS) has been studied explicitly and the roles
play in promoting different diseases both in humans and
animals directly or otherwise as a results of either a
decrease in natural cellular antioxidant ability or an
increased oxidants level cannot be over emphasized
(Afolabi and Oloyede, 2014a). Fe*', among series of
metals has been implicated to play a crucial catalytic role
in the generation/production of ROS which have the
capacity to damage cellular lipids and other
macromolecules resulting in wide range impairment in the
cellular function and integrity through Fenton’s reaction
(Afolabi, 2015; Britton et al., 2002). Several studies have
shown that, when ROS are generated, several cellular
protective pathways must have been disrupted by several
mechanisms which could lead to cellular eruption and
damage to enzymes localized in different cellular
organelles (Afolabi and Oloyede, 2014b; Akomolafe,
2013; Rani, 2013), which aftermath, would lead to the
formation of several neurodegenerative, cardiovascular

diseases and many other terminal ailments (Oboh et al.,
2013).

In recent times, attention has been shifted to exploiting
plant-based products for the prevention and treatment of
these different ROS linked diseases by various inhibition
against its formation and different activities (Raghuveer
et al., 2011), also, in the body, several cellular defensive
anti-oxidative mechanisms have been devised to fight
against the initiation of ROS (Britton et al., 2002).
However, consumption of diets enriched in antioxidants
may help in fighting the ROS-initiated diseases by strongly
improving body’s antioxidant status. Dialium indium,
commonly known as African black velvet tamarind
(ABVT) is a large tree found in many parts of Africa such
as West Africa, Central African Republic and the Chad.
The fruits are usually circular and frightened, usually has a
sweet-Sour taste, black in colour with a stalk of about
6mm long, it belongs to the family Fabaceae-
caesalpiniodaea (Eziaku and James 2014; Okegbile and
Taiwo, 1990). It is popularly called Icheku or Nchichi in
Igbo, Awin among Yorubas and Tsamiyar Kurm in Hausa,
Nigeria. The fruit is quite popular as a spice with belief
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that fruit can bring down systemic cholesterol level. The
velvet tamarind pulp is eaten in Southeastern Nigeria
because of its refreshing properties and pleasant taste
(Nwaukwu and Ikechi, 2012). Black tamarind and its
pulp has been found to be highly enriched in vitamin C
and other vital essential nutrients needed in human diet
which could also be used instead of synthetic drugs to treat
stomach upset when soaked in water (Nwaukwu and
Ikechi, 2012; Dike, 2010).

Scientific hypothesis

It has been well elucidated in the current work that, when
0.1 mg.mL™" of the various solvent extracts of ABVT was
appraised, the trends that indicated various activities
increasingly in concentration — dependent manner were
observed. If 0.2 mg.mL’' of the same extracts was
subjected to the same assays as found in the current work,
it could be scientifically assumed that same trend would be
achieved, if and only if the same methods and procedures
are engaged.

MATERIAL AND METHODOLOGY

Chemicals used

Chemicals and reagents used such as thiobarbituric acid
(TBA), 1, 10-phenantroline, Folin-coicalteau’s reagent,
trichloroacetic acid (TCA), gallic acid with Diphenyl-2-
picryl-hydrazyl (DPPH) from Sigma-Aldrich, Inc. (St
Loius, MO), FeCl;, Sodium carbonate, AICl;, Sodium
dodecyl sulphate (SDS), FeSO, (Iron II Sulphate),
potassium ferricyanide, ferric chloride acetic acid,
hydrogen peroxide, methanol were procured BDH
Chemicals Ltd., (Poole, England) and other chemicals used
were of analytical grades and prepared in all-glass
apparatus using distilled water.

Sample collection and preparation

African Black velvet tamarind (ABVT) fruits were
obtained from a popular place in Ikare- Akoko in Ondo
State, Nigeria. The voucher sample was taken to the
herbarium of Plant Science Department of Ekiti State
University, Ado-Ekiti, Ekiti State, where it was
authenticated. Thereafter, the sample was treated and
pulverized using a laboratory blender and the fine powders
obtained stored at moderate temperature until further use.

Obtention of sample
Ethanolic extraction procedure

The blended ABVT pulp was air-dried to a constant
weight in a ventilated place at ambient temperature of
30 + 2 °C, pulverized using a laboratory blender and the
fine powdery form obtained was stored at moderate
temperature until further use. About 120 g of the sample
was weighed and used for the extraction in 70% ethanol
for 72 h.

Solvent Partitioning

About 5 g of the ethanolic extract of ABVT pulp was
reconstituted in distilled water and then defatted with Pet-
ether, the fat free aqueous residue was partitioned
repeatedly with n-hexane in a separating funnel flask until
exhaustion. The remaining marc was finally partitioned
again with chloroform solvent until exhaustion. Thereafter,

the aqueous residue was remove and the solvent fractions
were concentrated in water bath at 50 °C.

Determination of total phenolic content

The total phenolic contents of the solvent extracts were
determined by the method of Singleton et al. (1999).
0.2 mL of the extract was mix with 2.5 mL of 10% folin-
ciocalteau’s reagent and 2 mL of 7.5% Sodium carbonate.
The reaction mixture will be subsequently incubated at
45 °C for 40 min., and the absorbance was measured at
700 nm with garlic acid as standard and the result
expressed in mg GAE.g"' of the dried sample.

Determination of total flavonoid

The total flavonoid contents of the extracts were
determined using a colorimeter assay developed by Bao et
al. (2005). 0.2 mL of each extract was added to 0.3 mL of
5% NaNO; at zero time. After 5 min, 0.6 mL of 10%
AICl; was added and after 6 min, 2 mL of NaOH was
added to the mixture followed by the addition of 2.1 mL of
distilled water. Absorbance was read at 510 nm against the
reagent blank and flavonoid content was expressed as g
quercetin equivalent/gram dry sample (ug QE.g" dry
sample).

Determination of ferric reducing property (FRAP)

The reducing properties of the extracts were determined
by the described method of Pulido et al. (2000). 0.25 mL
of the extract was mixed with 0.25 mL of 200 mmol.L" of
Sodium phosphate buffer pH 6.6 and 0.25 mL of 1% KFC.
The mixture was incubated at 50 °C for 20 min, thereafter
0.25 mL of 10% TCA was also added and centrifuge at
2000 rpm for 10 min, 1 ml of the supernatant was mixed
with
1 mL of distilled water and 0.2 mL of 1% ferric chloride
and the absorbance was measure at 700 nm and ascorbic
acid was used as standard, with the result expressed in pg
ascorbic acid equivalent/g dried sample (ug AAE.g" dried
sample).

Fé**_Chelating assay

The in vitro Fe** chelating ability of the ABVT pulp
solvent extracts were assayed according to the method of
Puntel et al. (2005). Briefly, 0.9 mL of aqueous
0.5 mmol.L"" FeSO, and 0.15 mL of leaf extract were
incubated for 5 min at room temperature. Then, 78 pL of
ethanolic solution of 1,10-phenanthroline was added. The
absorbance of the orange colour solution was read at
510 nm. The in vitro Fe** chelating ability of the samples
was calculated by using the following formula:

Chelating ability (%) = (AbS control — ADS Sample) / ADS control
x 100

Abs control = The absorbance of the control (reaction
mixture in the absence of sample)

Abs sample = The absorbance of the reaction mixture
(with the sample).

Estimation of DPPH Radical Scavenging Ability

The free radical scavenging ability of the ABVT pulp
extracts against DPPH was determined using the described
method of Gyamfi et al. (1999). 1 mL of the extract was
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mixed with ImL of the 0.4 mmol.L"" methanolic solution
of the DPPH, the mixture was left in the dark for 30 min
before measuring the absorbance at 516 nm.

Determination of NO radical scavenging ability

The scavenging effects of the solvent extracts of ABVT
pulp on nitric oxide (NO) radical were measured according
to the method of Mercocci et al. (1994). An amount of
100 — 400 pL of the aqueous extract was added in test
tubes to 1 mL of SNP solution (25 mmol.L™") and the tubes
were incubated at 37 °C for 2 h. An aliquot (0.5 mL) of the
incubating mixture was removed and diluted with 0.3 mL
of Griess reagent. The absorbance of the chromophore
formed was immediately read at 570 nm against distilled
water as blank. Results were expressed as percentage
Nitric oxide radical-scavenging ability.

(%) Nitric oxide radical scavenging activity = (Absper —
Abssample / Abs Ref) x 100

Degradation of deoxyribose (Fenton’s reaction)

The ability of the solvent fractions of ABVT pulp to
prevent Fe*'/H,0, induced decomposition of deoxyribose
was carried out using the method of Halliwell and
Gutteridge (1981). Briefly, freshly prepared aqueous
extract (0 — 100 pL) was added to a reaction mixture
containing 120 puL 20 mmol.L"' deoxyribose, 400 pL
0.1 M phosphate buffer (pH 7.4), 40 pL 20 mmol.L"
hydrogen peroxide and 40 pL 500 pumol.L"' FeSO4, and
the volume for made to 800 pL with distilled water. The
reaction mixture was incubated at 37 °C for 30 min, and
the reaction was stop by the addition of 0.5 ml of 2.8%
trichloroaceticacid (TCA), this was followed by the
addition of 0.4 mL of 0.6% TBA solution. The tubes were
subsequently incubated in boiling water for 20 min. The
absorbance was measured at measured at 532 nm in
spectrophotometer.

Hydroxyl radical scavenging ability (%) =
Absmmrol — AbsTest sample X 100
Abscomrol

where Abscon = absorbance of the control (reacting
mixture without the test sample) and Abses sample =
absorbance of reacting mixture with the test sample.

Lipid peroxidation by thiobarbituric acid reactive species
assay
Preparation of Tissue homogenates

The rats were decapitated under mild di-ethyl ether
anesthesia while the cerebral and liver tissues were rapidly
extracted and placed on ice and weighed. This tissues were
subsequently homogenized in cold 0.1 mol.L™" Tris-HCI
buffer pH 7.4 (1:10 w/v). The tissue homogenates were
centrifuged for 10 min at 3000 g to yield a pellet that was
discarded and the supernatant was used for the assay.

Thiobarbituric acid reactive species assay

The lipid peroxidation assay was carried out using the
modified method of Ohkawa et al. (1984). Briefly, the
reaction mixture consisting 100 pL of tissue, 30 pL of
0.1mol.L" pH 74 Tris-HCl buffer, different
concentrations of the extracts were incubated with 50 pL

of the freshly prepared 250 umol.L"' FeSO, with distilled
water at 37 °C for 1 h. The color reaction was carried out
by adding 200, 500 and 500 pl each of the 8.1 % sodium
dodecyl sulphate (SDS), 1.33 M acetic acid (pH 3.4) and
0.6% TBA respectively. The reaction mixture was
incubated at 100 °C for 1 h. The absorbance was read after

cooling at 532 nm in an ultraviolet visible-
spectrophotometer. The results were expressed in
percentage inhibition of Malondialdehyde (MDA)
produced.

Statistical analysis

All experiments were carried out in duplicate. Results
were expressed as mean values +standard deviation (SD)
of duplicated samples. Differences and levels of
significance were evaluated by one-way analysis of
variance (ANOVA) followed by Duncan’s multiple test
(Zar, 1984). Significance was accepted at p <0.05.

RESULTS AND DISCUSSION

Plants are naturally endowed with natural antioxidants
that exhibit cell’s defensive mechanisms through
scavenging the reactive oxygen species (ROS), with
protective effects against degenerative diseases in humans
(Shalaby and Shanab, 2013). They exhibit antioxidant
activities through electron donation and thereby
neutralizing the damaging effects of free radicals, whose
formation is associated with aerobic cells normal natural
metabolic processes (Amic et al., 2003). This work reports
the antioxidant properties of different solvent extracts of
ABVT fruit pulp by considering various parameters. Most
plants that are rich in phenolic and polyphenolic acids
exhibit strong antioxidant and anti-radical activities (Mary
et al., 2003), capable of removing free radicals, activate
antioxidant enzymes, chelate metal catalysts, reduce alpha-
tocopherol radicals and inhibit oxidases (Amic et al.,
2003). This group of compounds constitute the main class
of natural antioxidants present in plants (Andrea et al.,
2003). As represented in Figure 1, the phenolic contents in
the different solvent extracts of ABVT pulp considered,
were clearly revealed, chloroform extract demonstrated
higher content of phenol groups than that of hexane
extract, which means that, the potential to exhibit
antioxidant activities will be more in the chloroform
extract than that of hexane extract.

Also, the flavonoid contents of ABVT pulp solvent
extract as shown in Figure 2, reveal that, chloroform
extract of the ABVT pulp showed higher flavonoid content
than that of hexane extract. Howbeit, the plant flavonoids
have been unfolded in several works recently to have
antioxidant activity both in vitro and in vivo (Shimoi et al.,
1996; Geetha et al., 2003), by suppressing the reactive
oxygen formation, chelating trace elements involved in
free radical production, scavenging reactive species and
protecting antioxidant defensive mechanism in the cell
(Agati et al., 2012). Figure 3, shows the ferric reducing
ability (FRAP) of the extracts expressed in ug ascorbic
acid equivalent/g dried sample, the reducing power is
associated with antioxidant activity and may serve as a
significant indicator of the antioxidant activity (Meir et
al,, 1995). The results in the Figure 3, indicated that,
hexane extract of ABVT pulp has higher reductive
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Figure 1 Total phenolic contents of hexane and chloroform fractions of ABVT pulp.
Key: H. Extract = Hexane Extract; Chlor. Extract = Chloroform Extract, GAE=Galic acid equivalent. The alphabets
a and b show the levels of significant (p <0.05) difference between the extracts.
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Figure 2. Total flavonoid contents of hexane and chloroform extracts of ABVT pulp.
Key: H. Extract = Hexane Extract; Chlor. Extract = Chloroform Extract, QE = Quercetin equivalent. The alphabets
a&b show the levels of significant (p <0.05) difference between the extracts.
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Figure 3. Ferric reducing abilities of hexane and chloroform extracts of ABVT pulp.
Key: H. Extract = Hexane Extract; Chlor. Extract = Chloroform Extract, AAE = Ascorbic acid equivalent. The
alphabets a and b show the levels of significant (p <0.05) difference between the extracts.

capacity than that of chloroform extract. Whereas, in reveals that, H. Extract of ABVT pulp was also able to
Figure 4, the disruption of o-phenanthroline-Fe’* complex chelate Fe*" considerably higher than Chlor. Extract. The
expressed as percentage inhibition in Figure 4, during ability of the H. Extract to chelate Fe*" matched with the
incubation with both solvent extracts of ABVT fruit pulp, fact that, the H. Extract showed higher value for FRAP in
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Figure 3. However, the chelating ability showed by these
extracts could have been credited to the phenolic and
flavonoid contents as reported by Zhao et al. (2006). The
possibility of an extracts/substances to chelate and
deactivate transition metals by the antioxidant mechanism
of action, has been said to prevent such metals from
participating in the initiation of lipid peroxidation and
oxidative stress through metal-based catalytic reaction
(Oboh et al., 2007).

120
100
S
z 80
I.E
< 60
=]
=
= 40
%]
=
@)
3 20
=
0
0 5 10 15

The Figure 5 relays the bleaching capacity of 1,1-
diphenyl-2-picrylhydrazyl (DPPH’) chromogenic radical
by antioxidant/reducing compounds present in ABVT pulp
solvent extracts to its corresponding hydrazine (Boligon et
al.,, 2014). DPPH is a free radical donor that accepts an
electron or hydrogen to become a stable diamagnetic
molecule (Afolabi and Oloyede, 2014). As shown in
Table 1, there was no significant difference in the ICsy of
the various concentrations of the solvent extracts of ABVT

—a—H-Extract —»— Chlor-Extract

20 25 35

Concentration of extract used (ng.mL")

Figure 4 Fe*' — chelating ability (%) of different solvent extracts of ABVT pulp.
Key: H. Extract = Hexane Extract; Chlor. Extract = Chloroform Extract.
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Figure 5 DPPH radical scavenging ability of different solvent extracts of ABVT pulp.
Note: Hex. Extract = Hexane Extract; Chlor. Extract = Chloroform Extract.

Table 1 The ICs) (ng.mL™) values (Concentration of the extracts that will cause 50 percent inhibition) of ABVT pulp
solvent extracts calculated from a linear regression curve of the percentage (%) inhibitions against various

concentrations of the extracts.

Assays(%) Hexane extract Chloroform extract
Fe*'Chelation 30.16 £2.16° 23.94 +1.35°
DPPH Radical Scavenging 181.62 +0.37* 181.37 £2.14*
NO radical scavenging ability 107.20 +2.79* 73.24 +£0.63"

Hydroxyl radical scavenging ability

131.61 +13.55%

131.61 +£0.49"

Note: Results represent mean values (n = 2) +SD. The values with the same superscript along the row are not

significantly (p <0.05) different.
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pulp examined. The inhibition of DPPH’ radical exhibited
by both extracts, could be attributed to their various
phenolic and flavonoid contents.

Nitric oxide (NO) is an important physiological
messenger that participates in inflammatory processes
which can directly/independently induce toxicity in the
tissues resulting in vascular damage and other disorders at
an increased level (Moncada et al., 1991). The cellular
damage is heightened when NO react with superoxide
radical to form a non-radical peroxynitrite (ONOO-),
which is a powerful oxidant (Halliwell and Gutteridge
1999; Balavoine and Geletti, 1999). As presented in
Figure 6, ABVT pulp solvent extracts showed considerable
inhibitions against generation of NO induced radicals. The
mechanisms of inhibition exhibited by the extracts are not
known but could be ascribed to the presence of antioxidant
contents, as ability of plants to demonstrate antioxidant
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properties against generation of oxidants have been linked
to the presence of array of important phenolic and non-
phenolic phytochemicals which includes phenolic acids,
flavonoids and alkaloids (Cheplick et al., 2007), however,
this agrees with Figure 1 and 2.

The ability of the solvent fractions of ABVT pulp to
prevent Fe’’/H,0, from causing decomposition of
deoxyribose to generate OH radical through Fenton
reaction was also carried out. H. Extract showed higher
inhibitory effect against the production of hydroxyl radical
at the very lower concentration than Chlor. Extract, the
results are presented in Figure 7, with various ICs, in
Table 1. This inhibition possibly could have been
responsible for by the antioxidant parameters as shown in
Figure 1 and 2 as well.

Likewise, incubation of both the liver as well as brain
tissue homogenates with Fe’" to test for the ability of

—— Chlor. Extract

80 100 120 140 160

Concentration of the extract used (ng.mL-")

Figure 6 Nitric

oxide inhibitory ability (%) of different solvent extracts of ABVT pulp.

Note: H. Extract = Hexane Extract; Chlor. Extract = Chloroform Extract.
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Figure 7 Hydroxyl radical scavenging ability (%) of different solvent extracts of ABVT pulp.
Note: H. Extra ct = Hexane Extract; Chlor. Extract = Chloroform Extract.
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Figure 8a Inhibition of Fe*" — induced lipid peroxidation in rat brain homogenate by different solvent extracts of
ABVT pulp. Key: H. Extract = Hexane Extract; Chlor. Extract = Chloroform Extract.
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Figure 8b Inhibition of Fe** — induced lipid peroxidation in rat liver homogenate by different solvent extracts of
ABVT pulp. Key: H. Extract = Hexane Extract; Chlor. Extract = Chloroform Extract.

ABVT pulp solvent extracts in inhibiting the formation of
MDA was assayed for by lipid peroxidation reaction as
shown in Figure 8 a and b. Lipid peroxidation is one of the
major effects of ROS-mediated injury leading to the
generation of a variety of relatively stable end products.
ROS concentrations above the clearance capacity of the
cell cause oxidative stress, mitochondrial dysfunction,
cellular damage, in most cases, cell death (Ferreiro et al.,
2012). Several studies have implicated malondialdehyde
(MDA), one of the byproducts as main indicator in
monitoring the level of oxidative stress/damage caused by
ROS in the tissues (Aitken and Fisher, 1994). Incubation
of both the liver and brain tissue homogenates with Fe*"
(iron II) induced oxidative stress, being perceptible by the
increased MDA levels in homogenates in the absence of

the extracts (Figure 8a and b). However, there were
significant (p <0.05) reduction when the solvent extracts of
ABVT pulp were introduced in the reaction with the
various concentration considered in dose-dependent
manner. The ability of the ABVT pulp solvent extract to
inhibit formation of MDA could be traceable to the
antioxidant properties of the extracts as being evidenced in
Fe’" chelation and/or scavenge free radicals produced by
the Fe*'-catalyzed production of reactive oxygen species
(ROS), which is in agreement with Figure 4.

CONCLUSION

The potency of ABVT pulp solvent extracts having
appraised, has indicated that the pulp, if incorporated in
diet, could serve as an alternative in managing various
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degenerative ailments as it has been clearly demonstrated
in the protection of brain and liver from Fe*'-induced
oxidative stress. The mechanism for doing this has also
been shown in Fe’'-chelation, DPPH inhibition, nitric
oxide inhibition and hydroxyl radical scavenging ability.
All these could have been as a result of the antioxidant
parameters in the form of phenolic/polyphenolic acid and
flavonoids.
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HEATING AND DEHYDRATION OF GRAIN AND CEREALS AT A COMBINED
ENERGY SUPPLY

Sergey Zverev, Otari Sesikashvili

ABSTRACT

The paper dwells on the development of experimental dependencies of heating and dehydration of grain and cereals when
varying the irradiance, ambient temperature in the heat treatment zone and the initial moisture content of product, and the
development of the mathematical models for heating and dehydration of some grains and cereals. The grain was heated on
the laboratory equipment with quartz halogen linear infrared emitters. The irradiance on the working surface in the
treatment zone was determined by calculation using a specially developed program. The ambient temperature was
determined by a thermocouple thermometer placed in a ceramic tube. The grain temperature was estimated as average by
weight by a thermocouple thermometer after its transfer into a thermally insulated container. The following dependencies
have been obtained: 1 — Temperature dependence of the heating time for different heating modes and initial moisture
content. 2 — Dependence of moisture content on the heating time under different conditions and initial moisture content. 3 —
Dependence of moisture content on a temperature under different conditions and constant initial humidity. The models of
the heat-moisture exchange and dehydration processes have been created, and the model parameters K, and Ky of the
temperature dependence of some grains have been identified, as well as their dependence on moisture content and
treatment modes has been evaluated. It has been established that this model describes adequately the process of dehydration
to an extent limited by the upper temperature value of grain not much more than 100 °C. Within not limited to the upper
temperature value of grain not much more than 100 °C. From the presented graphs (Figures 1.24 — 1.26) and earlier
obtained results for barley and millet, it can be assumed that the model describes adequately experimental data on the
small-sized (3 — 5 mm) objects.

Keywords: IR; radiation; grain; dehydration; heat

INTRODUCTION

Heat treatment, in particular, through the use of the
radiative (infrared) energy supply, is an operation fairly
common in the technological processes of processing food
products, including grain. (Pan and Atungalu, 2002;
Zverev, 2009). Heat transfer is carried out in two ways: by
convective method from the air medium in the processing
zone, and by radiation method (infrared radiation). It could
therefore be spoken of a combined heat supply. Industrial
installations based on this principle of heating are used in
small and medium-sized grain processing enterprises in the
processes of production of instant cereals, cereal flakes,
feed ingredients, including for decontamination and
inactivation of anti-nutrients. The heating process, as a
rule, is carried out at a high thermal head and is limited to
the time of the beginning of darkening of the grain surface.
The temperature of product varies continuously throughout
the processing period, that is, the process is of a
substantially non-isothermal nature.

The change in temperature during the heating process is
paralleled by dehydration of product. The temperature and
final grain-moisture content of the in the process of
heating by infrared (IR) radiation is determined by a
number of factors: heating time, initial grain-moisture
content, and heat treatment modes (irradiance, ambient
temperature within the exposure zone). As a rule, in
industrial installations the modes are conditioned by the
design, and they rarely change during the operation, even
if such an option is available. The moisture content of
source raw material depends on its conditions on delivery,
storage conditions and can vary, sometimes within rather
wide limits. The outlet temperature of product is controlled
by its residence time within the exposure zone. The
heating process, as a rule, is carried out at a high thermal
head and is limited to the time of the beginning of
darkening of the grain surface. The temperature of product
varies continuously throughout the treatment period, that
is, the process is of a substantially non-isothermal nature.
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Figure 1 Diagram of the experimental-industrial block of the emitters: 1. The KGT-1000-220-type infrared source; 2
— Top reflector; 3 — Side reflector; 4 — A working surface of the processing zone.
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Figure 2 The dependency diagram of the ambient temperature in the treatment zone on the irradiance.

The work was aimed at obtaining the experimental
dependencies and developing the models of heating and
dehydration of grain (cereal) by varying irradiance,
ambient temperature in the heat treatment zone of infrared
heating of grain and cereals, and the initial moisture
content of product.).

Scientific hypothesis

The temperature and final grain-moisture content of the
in the process of heating by infrared (IR) radiation is
determined by a number of factors: heating time, initial
grain-moisture content, and heat treatment modes
(irradiance, ambient temperature within the exposure
zone). There is a correlation dependence of moisture
content on the temperature of product, as well as influence
of above listed factors on it. There is a probability of its
invariable towards some of these factors.

MATERIAL AND METHODOLOGY

Heating of grain was carried out on the laboratory
equipment with the KGT-1000-220-type quartz halogen
linear infrared emitters.

Diagram of the equipment is shown in Figure 1.

The irradiance on the working surface in the processing
zone was determined by calculation using a specially
developed program. Variation by the number of the
emitters, height of their installation above the monolayer
of grain product and the type of pallet allowed changing
independently, under a limited range, the irradiance and
ambient temperature in the treatment zone. Change in the
number of lamps, i.e. of the installed total power of the
emitters in a fixed closed volume of the working area of
the laboratory equipment leads to an increase in the
ambient temperature. The dependency diagram of the
irradiance and ambient temperature in the treatment zone
when the lamps are installed at an altitude hl = 100 mm, is
shown in Figure 2.

Grain was arranged in a monolayer on a pallet, which for
a fixed time was placed in a heated treatment zone. Then it
was poured into a thermally insulated container, where the
average temperature of its mass was determined by using a
thermocouple and an electronic thermometer.

As the subjects of research, there were used triticale
(Triticosecale Wittmack) grain (the average thickness — 2.8
mm, the average weight of corn seed — 0.050 g), spelt
(Triticum spelta) cereal (the average thickness — 2.1 mm,
the average weight of corn seed — 0.031 g) and white
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lupine (Lupinus albus) grain (the average thickness 4.4
mm, the average weight of corn seed — 0.23 g).

The significant factors influencing the rate of grain
heating at a high-temperature micronization (HTM) are
heat treatment modes (ambient temperature, irradiance on
the surface of the monolayer) and moisture capacity of
product. The experiment plans included the widest
possible ranges of factors, however, for technical reasons,
it had been impossible to cover the high irradiance region
at a low ambient temperature.

The ambient temperature was determined by means of a
thermocouple thermometer placed in a ceramic tube with a
high reflection ratio in the infrared spectrum. The grain
temperature was estimated as the average by weight by a
thermocouple thermometer after its transfer into a
thermally insulated container (reproducibility of the results
was approximately +3 °C), humidity - according to GOST
(State Standard) 13586.5-2015 (Grain. Method for
determination of moisture content).

Statisic analysis

Nonlinear modeling was carried out by using an
application software package "STADIA-6", developed at
the M.V. Lomonosov Moscow State University,
(Kulaychev, 1999).

Scoping the adequacy of the models is a complex
procedure, requiring high computational costs, which are
rapidly growing with dimensions of space of external
parameters. By the volume, this task may greatly exceed
the task of parametric optimization of a model itself
(especially in the case of a nonlinear model), that’s why
for the newly-designed objects, it may not be resolved.
Some indication of the adequacy of the models is provided
by the Squared multiple correlation, R2, (Table.1 and 2).
In addition, directly in the diagrams in Figure 21 — 26, we
can see that the residual dispersion and the dispersion
medium differ considerably.

RESULTS AND DISCUSSION

The relationships between a temperature and a
heat time at different heat modes and initial
moisture content

Figures 3 — 5 illustrate the empirical relationships
between a temperature increment of some types of grain
and cereals and the time AT(t) at different heat modes.

It is obvious that with the intensification of heat supply
(by increasing the ambient temperature and/or the
irradiance or the emitter power), the heating rate is
increasing, that is, the heat time to a fixed temperature is
reduced.

The effect of the initial moisture content on the nature of
the products temperature change can be seen in Figures 6 —
8.

With increasing moisture content for fixed heating times
and modes, the temperature slightly reduces.

The relationship between a moisture content and
a heat time at different heat modes and initial
moisture content

Similar relationships for the relative loss of moisture
AU(t) / Uy (relative to the initial moisture content) are
shown in Figures 9 — 11. As can be seen, the rate of
moisture loss depends heavily on the heat modes.

The relationship of a moisture content on a
temperature at different heat modes and constant
moisture content

Reconstruct the graphs of moisture loss into the functions
of the temperature. The results are shown in Figures 12 —
14.

As can be seen, the relationships U(T) are practically
invariant to heat modes, but they depend on the initial
moisture content.

The morphology of the moisture content/temperature
curves in the general case can be described as follows. At
the initial stage of heating, a significant decrease in
moisture content is observed, then the moisture content is
decreasing, then it is diminishing by law close to linear, at
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Figure 3 The relationship between a temperature increment of a RUNO-type spelt with initial moisture content of
18%, and a heat time at the different irradiance and ambient temperature T.: 1 — E=23 kW.m?, T,=303°C;2-E=11

kW.m?, T, =270°C;3—E=0kW.m?, T,=212°C.
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Figure 4 The relationship between a temperature increment of triticale and initial moisture content of 15%, with a
heat time at the different irradiance and E ambient temperature T.: 1 —E =16 kW.m*, T.=271°C; 2 - E =10 kW.m
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Figure S5 The relationship between a temperature increment of a DEGA-type white lupine with initial moisture
content of 18%, and a heat time at the different irradiance and ambient temperature T: 1 — E =22 kW.m™, T, = 301
°C;2—-E=13kW.m? T,=223°C;3—E=0kW.m? T, =177 °C.

the temperatures around 100 °C the rate of moisture loss
increases again, and then decreases, falling to zero. The
initial stage can be explained by the increased initial
moisture content of the near-surface layers caused by the
inadequate time of binning and by the non-aligned
moisture content in the grain volume, or by the presence of
a shell with different from kernel gyroscopic properties
(for example, in lupine). The section near the temperature
of 100 °C is associated with the intensification of
evaporation near the critical point, and is due to the
"burning out" of moisture. The nature of the dependence of
a particular curve depends on product, initial moisture
content, heat modes, the temperature range under
consideration.

Modeling of the processes of heat-moisture
exchange

There have been put forward many mathematical models.
In general, the processes of heat and moisture exchange

are interrelated and described by a system of
corresponding nonlinear differential equations, which, as a
rule, cannot be solved analytically. The application of
numerical methods is also practically impossible, since the
series of coefficients that are included in the equations are
not defined. Therefore, we have to resort to various kinds
of quite oversimplified assumptions and simplifications.
Let’s use the solution obtained by A.V. Lykov in the
form of exponential series (Lykov and Mikhailov, 1963).

Y = 1+a; exp(-K;t) +a, exp(-K,t) +a; exp(-Kjt), (1)
where Y = (T — T)/(T., — Ty) — for the temperatures;

Y = (U - Up)/(U,, - Uy) — for moisture content;

T — temperature;

T, — wetting temperature;

T, — temperature at t—oo;

U — moisture content;

Uy — initial moisture content;

U.,, —moisture content at t—o0;

t — time;
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Figure 6 The relationship between a temperature increment of a RUNO-type spelt cereal and a heat time (the
irradiance — 23 kW.m™, ambient temperature — 303 °C) at moisture content, %: 1 — 12; 2 — 16; 3 —22.
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Figure 7 The relationship between a temperature increment of triticale grain and a heat time (the irradiance — 16
kW.m?, ambient temperature — 300 °C) at moisture content, %: 1 — 18; 2 — 13; 3 — 10.
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Figure 8 The relationship between a temperature increment of white lupine and a heat time (the irradiance — 15
kW.m’z, ambient temperature — 263 °C) at moisture content, %: 1-7;2 —12; 3 — 17.
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100 °C, and the rate of moisture loss increases sharply.
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Figure 9 The relationship between a relative moisture content of a RUNO-type spelt cereal with initial moisture
content of 18%, and a heat time at the different irradiance E and ambient temperature T.: 1 — E =23 kW.m?, T, =303
°C;2-E=11kW.m? T,=270°C; 3 - E=0kW.m? T, =212 °C.
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Figure 10 The relationship between a relative moisture content of triticale with initial moisture content of 18%, and a
heat time at the different irradiance E and ambient temperature T,: 1 — E = 16 kBt/M%, T, =271 °C; 2 — E = 10 xBt/™?,

T, =204 °C; 3 —E = 0 kBt/M%, T, = 148 °C.

A model of the convective-radiation heating

Taking advantage of using the first two terms of the
series (1), and setting the coefficients to be constant, for
the initial conditions AT(0) = 0, a model of heating can be
represented in the form

AT(t) = Ko[1 - exp(-K)]. )
where AT = (T - Ty),
Ko, K; — empirical coefficients.

The coefficients are assumed to be constant in time, but
dependent on the heating conditions (initial humidity,
irradiance and ambient temperature in the treatment zone). It
is obvious that the condition of constancy (slight change) in
the coefficients is not satisfied in the entire temperature
range. It is known from the experiments that the intensive
dehydration begins near the temperature of product at

Therefore, the proposed dependence can be regarded as an
initial, rather rude approximation.

Analysis of the coefficients, including on a number of
other grain crops as well, has revealed a correlation of K,
with the initial moisture content, and of K; with treatment
modes.

As a rule, in industrial installations, the irradiance and
temperature in the treatment zone are constant, i.e. K; =
const. From the batch to the batch of grain, its moisture
content may change, which primarily affects the
coefficient K.

Correlation between the model coefficients and
moisture content and heat treatment modes

Based on the results of multi-factorial experiment, the
parameters K, and K; of the temperature dependence (4)
for white lupine grain, triticale, and spelt cereal were
identified, and their dependence on moisture content and
treatment modes was evaluated. The results are shown in
Figure 15 and Figure 16.
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The effect of moisture content was evaluated at fixed
heat treatment modes. From the graphs in Fig. 15, the
correlation of the coefficient K, with moisture content is

Relative moisture content

clearly visible, while for K; such a correlation is not

observed (Figure 16).

It is a little more difficult to evaluate the effect of heating
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Figure 11 The relationship between a relative moisture content of a DEGA-type white lupine with initial moisture
content of 15%, and a heat time at the different irradiance E and ambient temperature T.: 1 — E=22 kBr/m?, T=301 °C;
2 — E=13 kBr/™*, T;=223 °C; 3 — E=0 kBt/m’, T=177 °C.
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Figure 12 The relationship between a relative moisture content of a RUNO-type spelt cereal with initial moisture
content of 18%, and a temperature at the different irradiance E = 0-23 kW/m” and ambient temperature T, = 212-303

°C.
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Figure 13 The relationship between a relative moisture content of triticale with initial moisture content of 18%, and a

temperature at the different irradiance E = 0-16 kW.m™ and ambient temperature T, = 148-271 °C.
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Figure 14 The empirical relationships between the change of moisture content of white lupine grain and a temperature
at the different initial moisture contents and heat: 1 — initial moisture content — 8%, irradiance — 0 — 17 kW.m™,
ambient temperature 157-308 °C; 2 — initial moisture content — 10%, irradiance — 14 kW.m™, ambient temperature —
263 °C; 3 — initial moisture content — 12%, irradiance — 0 — 22 kW.m™, ambient temperature — 183 — 301 °C; 4 — initial
moisture content — 15%, irradiance — 0 — 22 kBt/m?, ambient temperature — 177 — 301 °C; 5 — initial moisture content —

17%, irradiance — 14 kBt/m?, ambient temperature — 263°C.
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Figure 15 The dependence of coefficient K, on moisture content: 1 — lupine, the sunflower seed; 2 —triticale, spelt

cereal and pearl barley.

modes, since a change in the irradiance leads to a change
in the ambient temperature, and the evaluation of energy
activity of the medium causes some difficulties.

A generalized model

Proceeding from the results of the analysis of the
dependences of the model coefficients (2) on the initial
moisture content of cereal and the ambient temperature in
the treatment zone, a generalized model is proposed in the
following form

AT(t) =KO0 (1- KwW ){ 1 — exp[-Kt(E + KT ATc) t]}. (3)
Based on the results of a complete set of initial

experimental data, the model parameters were identified
taking into account the effect not only of moisture content,

but also of heat treatment modes. The results of
identification of model parameters (3) are given in Table 1.

A model of dehydration

We shall use the relationship (1). We shall confine
ourselves to the first approximation, which, after
substituting the model for the heating time (2) and the
transformations, leads to a model for the relative current
moisture content, as a function of a temperature increment

U/Up = (1 — AT/ ko), 4)

where AT — temperature increment, ko and C — empirical
coefficients.

The value of the parameter k, can be taken from the
results of the identification of the heating model
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Figure 16 The dependence of coefficient K; on moisture content: 1 — lupine, the sunflower seed; 2 —triticale, spelt
cereal and pearl barley: A — spelt; m — triticale; ® — lupine; ¢ — pearl barley; x — the sunflower seed.
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Figure 17 The dependence of coefficient K, on the grossed installed capacity in the treatment zone of infrared emitters

for pearl barley.
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Figure 18 The dependence of coefficient K, on the grossed installed capacity in the treatment zone of infrared emitters

parameters or, just as the parameters B and C, may be
identified by the results of dehydration experiments.

Identification of the parameter B and C by the results of
the experiments with a wide variation in the initial
moisture content, irradiance and temperature in the
treatment zone, has shown a dependence on the initial

moisture content and the absence of correlation with
heating modes. As a result, a model is proposed

U/Uy = (1 — AT Uy/ Ky)©, (3)

where U, — initial moisture content.
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Figure 19 The dependence of coefficient K, on the ambient temperature in the treatment zone for triticale grain.
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Figure 20 The dependence of coefficient Ky on the ambient temperature in the treatment zone for triticale grain.

Table 1 Model parameters (3).

Squared multiple
Type of product Ko Kr K K. 20rrela fion, II{)Z
Triticale grain 113.0 0.0714 0.00129 0.0125 0.993
Spelt cereal (“Runo”) 121.1 0.0444 0.00149 0.0134 0.995
White lupine (“Dega”) 128.3 0.2144 0.000298 0.00567 0.990

Calculated by a model (3) and experimental values of grain temperature are shown in Figures 21 — 23.

Experimental temperature

. 0
increment, C

[} 0 40 [ 10

Calculated temperature increment, 'c

Figure 21 Experimental and calculated values of a temperature increment of triticale grain when varying by the
irradiance of 0 — 22 kW.m™, ambient temperature 148 — 347 °C and initial moisture content W= 10...21%.

Volume 12 88 No. 1/2018



Potravinarstvo Slovak Journal of Food Sciences

Experimental temperature

. 0
increment, C
[
3
L

1
[} Pl 41 &0 n Low

Calculated temperatureincrement,u{:

Figure 22 Experimental and calculated values of a temperature increment of spelt cereal when varying by the
irradiance of 0 — 22 kW.m™, ambient temperature 132 — 313 °C and initial moisture content W= 12...22%.
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Figure 23 Experimental and calculated values of a temperature increment of white lupine when varying by the
irradiance of 0 — 17 kW.m™, ambient temperature 142 — 275 °C and initial moisture content W = 7...17%.

Table 2 Model parameters (4).

Type of product Ko, C Squared multiple correlation, R’
Triticale grain 27.3 0.44
Spelt cereal (“Runo”) 48.3 1.26 0.99
White lupine (“Dega”) 30.4 0.32

Calculated by a model (3) and experimental values of relative moisture content for triticale grain are shown in Figure
24,

s

Relative moisture content

D65 070 075 080  0B5 080 055 100
Calculated m oisture content

Figure 24 Calculated (K, = 27.3, C = 0.446, squared pair correlation R* = 0.998) and experimental values (initial
moisture content Uy= 0.11-0.27, irradiance E = 0-27 kW.m™, temperature in the treatment zone T,=340 — 150 °C) of
relative moisture content for triticale grain.
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However, it should be borne in mind that this model
describes adequately the process of dehydration to an
extent limited by the upper temperature value of grain not
much more than 100 °C.

However, it should be borne in mind that this model
describes adequately the process of dehydration to an
extent limited by the upper temperature value of grain not
much more than 100 °C. From the presented graphs
(Figures 1.24 — 1.26) and earlier obtained results for barley
and millet, it can be assumed that the model describes
adequately experimental data on the small-sized (3 — 5
mm) objects.

CONCLUSION

Despite the assumptions made, the considered models
describe adequately the grain temperature rise during
infrared heating in the range of 10 — 100 °C and moisture
content up to 15%. High correlation coefficients and a
significant difference between the residual variance and
the variance of the mean allow us to speak about the
adequacy of models. We have to explain the physical
reality of invariance of the dependence of moisture content
on the temperature of infrared radiation.

Simplicity of models allows even in production
conditions, having determined the coefficients of the
model, to correct processing modes. At higher
temperatures and initial humidity, more complex
distributed models are needed.

An increase in the share of radiation heat supply, due to
an increase in the absorption coefficient K, and due to the
irradiance E, for example, as a result of more efficient
design of the treatment zone, leads to a reduction in the
heat time until a given temperature. In this case, we note
that the nature of the change in the moisture content of the
product does not change due to its invariance to the
heating regimes.Ideally, all power of the emitter should be
"pumped" into the product by the mechanism of radiation
heating. This is understandable, because any excess
temperature in the treatment zone above the ambient
temperature leads to heat loss. Design activities should be

aimed at minimizing heat losses, increasing the radiant
efficiency of the emitter and the reflecting power of the
screen system. However, the reduction of heat loss (due to
the thermal insulation of the treatment zone) without
increasing the reflecting power of screens leads to an
increase in the ambient temperature to the value of infrared
emitters or elements of design, which are unacceptable by
the operating conditions.
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QUANTITATIVE AND QUALITATIVE PARAMETERS IN ACORN SQUASH
CULTIVAR IN THE CONDITIONS OF THE SLOVAK REPUBLIC

Miroslav Slosdr, Ivana Mezeyovd, Alzbeta Hegediisovd, Ondrej Hegediis

ABSTRACT

The species Cucurbita pepo includes several types of squashes; in Slovak Republic, well-known and oftenly grown squash
types are patisson, zucchini, spaghetti squash, oil pumpkin etc. Several interesting squash types of Cucurbita pepo are
grown abroad, including Acorn squash which is well-known mainly in USA. The aim of this study was to evaluate the
important quantitative (yield per hectare, average fruit weight) and qualitative (total carotenoids, ascorbic acid, antioxidant
activity, total soluble solids) yield parameters of Acorn squash fruits in comparison with patisson which is typical squash
type of Cucurbita pepo in Slovak Republic. The field trial was realised in Koice-Saca in 2016. Within experiment, four
cultivars of Acorn type pumpkin were tested (Thelma Sanders; Jet Set; Table Gold; Cream of The Crop). The patisson
'Orfeus' was used as a comparative cultivar for evaluation of individual parameters of Acorn type pumpkin cultivars.
Matured pumpkin fruits were harvested on the 7™ September 2016. From aspect of yield quantity, Acorn cultivars are
appeared as very interesting squash type with good yield potential for growing. The highest yield of squash fruits was
found in the cultivar 'Cream of The Crop' (17.8 t.ha™). In mentioned Acorn cultivar, the yield was higher about 87.4%
compared to the tested patisson cultivar 'Orfeus' (9.5 t.ha™). On the contrary, the average weight of squash fruits was
reached in patisson cultivar 'Orfeus' (780.7 g). The qualitative parameters of fruits were expressively influenced by squash
cultivar. The content of total carotenoids, ascorbic acid and total soluble solids was markedly higher in all Acorn cultivars,
compared to the patisson cultivar 'Orfeus'. The highest content of total carotenoids (26.74 mgkg' fresh weight) and
ascorbic acid (238.79 mg.kg" f. w.) was found in the squash cultivar 'Table Gold'. The highest content of total soluble
solids was determined in the cultivar 'Jet Set' (3.8 °Brix). On the contrary, the highest antioxidant activity (DPPH) was
found in the patisson cultivar 'Orfeus' (10.80 %). On the basis of obtained results, it is possible to state that Acorn cultivars
are very interesting squash type with promising yield potential for possible growing in conditions of Slovak Republic. In
addition, Acorn squashes were expressed by higher content of several nutritional parameters compared to the typical squash
type - patisson. Thus, these squashes could be an interesting vegetable for human nutrition.

Keywords: squash; Acorn; yield; quality

INTRODUCTION period, the squash production in Slovak Republic is

The genus Cucurbita is a member of the Cucurbitaceae
family which includes four major species, i. e. Cucurbita
pepo, Cucurbita maxima, Cucurbita moschata and
Cucurbita ficifolia. A lot of cultivars of these species are
grown around the world and belong to the major
agricultural commodities (Kim et al., 2012). According to
FAOSTAT (2017), total world production of pumpkins,
squashes and gourds was more than 25 milions tones in
2014. The main production area was Asia (63.9%),
followed by Europe (15.7%), American continents
(11.3%), Africa (7.9%) and Oceania (1.1%). The main
producers of these species were China, India, Russia,
Ukraine, USA, Iran and Italy. The production of squashes
in Slovak Republic was 1480 tones in 2014. In recent

characterized by increasing trend and its value was 3039
tones in 2015 (Merava, 2016). The most important squash
species is Cucurbita pepo which includes several known
types, e. g. pattypan squash, zucchini or oil squash. The
Acorn squash is an iconic fall vegetable in the USA,
known for its unique ribbed fruit shape and culinary
properties. Of the diverse types of Cucurbita pepo, acorn
squash is the longest-storing and it has the highest fruit
quality (Wyatt et al., 2015).

Carotenoids are known for several important biological
activities. The most widely studied and well-understood
nutritional role of carotenoids is their provitamin A
activity (Cazzonelli and Pogson, 2010). Carotenoids are
known to be very efficient physical and chemical
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quenchers of singlet oxygen ('0,), as well as potential
scavengers of other reactive oxygen species (ROS). It is
the special significance, because the uncontrolled
generation and concomitant increase of ROS level in the
body results in “oxidative stress”, an essential contributor
to the pathogenic processes of many diseases (Fiedor and
Burda, 2014). Carotenoids and some of their metabolites
belong to the important antioxidants and they are
suggested to play a protective role in a number of ROS-
mediated disorders, i.e. cardiovascular diseases, several
types of cancer or neurological, as well as photosensitive
or eye-related disorders (Tang, 2010).

One of the most important and effective antioxidant
substances, abundant in edible parts of many vegetable
species, is vitamin C, also known as ascorbic acid (USDA,
2016). Though most animals are able to endogenously
synthesize large quantities of vitamin C, humans do not
have the capability to synthesize vitamin C due to a series
of mutations of the gene encoding gulonolactone oxidase
which catalyses the last enzymatic step in ascorbate
synthesis. From this reason, it mus be ingested in natural
food form, most suitably as a component of fresh
vegetables or fruits (Grosso et al., 2013). The vitamin C
plays an important role in immune system, stimulation of
leucocytes to the increased bacteria degradation or body
resistance increase to the coldness (Hacisevki, 2009).
According to Gonzalez and Miranda-Massari (2014),
vitamin C is considered as a very strong reductant and
radical scavenger. It reduces unstable oxygen, nitrogen,
and sulfur radicals. In addition, vitamin C acts as primary
defense against aqueous radicals in blood. Pal, Sanal and
Gopal (2011) state that vitamin C can inactivate the urease
enzyme, which allows the endurance of Helicobacter
pylori and the colonization of the gastric mucosa at a low
pH. Thus, it may inhibit the spread, growth, and
colonization of H. pylori in the early periods of infection.
This bacterium is considered as important risk factor in
stomach cancer formation.

Scientific hypothesis

The squashes of Acorn type are not known and grown in
the Middle European region. The impact of cultivar on the
quantity and quality of Acorn squash fruits (Cucurbita
pepo) was tested in conditions of Slovak republic. As a
comparative sample, cultivar of patisson was used because
it is squash species commonly grown in Slovak republic.

MATERIAL AND METHODOLOGY

The field trial with pumpkins was realised in KoSice in
2016. The experimental locality is described as the slightly
hot area. Within experimental period (May-September
2016), the average month air temperature was 18.9 °C.
The total rainfall sum was 355 mm. According to the
climatic normal 1961 — 2010 for KoSice, average month
temperature is 17.9 °C and total rainfall sum is 370 mm
within period May-Spetember. Compared to the climatic
normal, the experimental period can be evaluated as
slightly cold and wetter.

Experiment organisation
Within experiment, four cultivars of Acorn type squash
were tested ('Thelma Sanders', 'Jet Set', 'Table Gold',

'Cream of The Crop'). The patisson 'Orfeus’ was used as a
comparative cultivar for evaluation of individual
parameters of Acorn type squash cultivars.

The total experimental area was 64 m® (8 m” for each
cultivar). All cultivars were sowed in three replications.
Each replication was presented by three planting holes
with four seeds. The seeds were sowed on the 7™ May
2016 and matured squash fruits were harvested on the 7™
September 2016. The squash yield from all replications
was sequentially calculated to the square unit of one
hectare.

In all experiment area, same conditions were prepared for
squash plants from aspect of fertilization or irrigation.
According to agrochemical soil analyses, realised before
experiment establishment, phosphorus and potassium
could not have been applied because their sufficient
content for squash growing. The calculated nitrogen dose
was applied before squash seed sowing. The irrigation was
realised in dependency on the weather and rainfalls. In the
view of protection, plants were treated by several chemical
preparations against mildew and silverleaf whiteflies.

Immediately after harvest, individual qualitative
parameters of squash cultivars were analysed. The average
sample from each replication was prepared from 3-4 fruits.
All fruits were quartered and opposite quarters were used
for qualitative analyses.

Total carotenoids (TC)

The extraction of samples was done at the Laboratory of
Beverages, AgroBioTech Research Center, Slovak
University of Agriculture (SUA) in Nitra. The estimation
of total carotenoid content was realised in the laboratory of
Department of Fruit Growing, Viticulture and Enology
SUA in Nitra. The content of total carotenoids was
estimated by spectrophotometric ~measurement of
substances absorbance in petroleum ether extract on
spectrophotometer PHARO 100 at 445 nm wavelengths.

As an extraction reagent, acetone was used acetone
(Hegediisova, Mezeyova, Andrejiova, 2015).

Ascorbic acid (AA)

The determination of ascorbic acid (vitamin C) content
was realised in the Regional Institute of Public Health in
Nitra. The modificated HPLC method of AA content
estimation according to the Stan et al. (2014) was used by
the help of liquid chromatograph with UV detector. For
separation, Res Elut 5 C18 (150 x 4.6mm) was used
(Varian, Palo Alto, California, USA). Mobile phase was
acetonitrile — phosphate buffer solution (pH = 3.5) 5 : 95.
UV detection was adjusted to 264 nm (Waters 2489
UV/VIS Detector).

Antioxidant activity (AOA)

The liophilisation of squash samples for AOA analysis
was realised at the Department of Animal Nutrition, SUA
in Nitra. The total antioxidant capacity was measured by
the method of Brand-Williams et al. (1995) using DPPH
(2.2-diphenyl-1-pikrylhydrazyl) =~ scavenging  activity
calculated as inhibition of DPPH radicals in %. The
absorbance was measured at 5156 nm in the
spectrophotometer Shimadzu UV/VIS-1240.
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Figure 3 Acorn 'Thelma Sanders'.

50 X AR o S 4 S
Figure 5 Acorn 'Table Gold'.

Total soluble solids (TSS)

The total soluble solids content (°Brix) of individual
squash cultivars were measured by a digital hand-held
refractometer (Kern ORD 45BM, Balingen, Germany).
The juice that exuded from the suash pulp was used as a
sample. The average value of TSS for each cultivar was
obtained by three measurements of sample (Hegediisova,
Mezeyova, Andrejiova, 2015).

Statisic analysis
The obtained data were processed into tables in Microsoft
Office Excel 2007. Then analysis of variance (ANOVA)

Figure 6 Acorn 'Cream f the Crop'.

was used by the help of the Tukey test (significance level
a= 0.05) for statistical analyses in the program
StatgraphicCenturion XVII (StatPointInc. USA).

RESULTS AND DISCUSSION

Yield per hectare

All cultivars of Acorn squashes were characterized by
markedly higher yield of fruits per hectare compared to the
patisson cultivar 'Orfeus'. The difference of yield between
Acorn squash cultivar '"Thelma Sanders' was showed as
statistically non-significant. Differences among other
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cultivars was evaluated as
(Table 3).

The yield of squash fruits was ranged from 9.5 t.ha
(patisson 'Orfeus') to 17.8 tha” (Acorn 'Cream of The
Crop'). Differences among pattison cultivar and Acorn
squash cultivars were varied in the range from 24.2 %
(Acorn 'Thelma Sanders') to 87.4% (Acorn 'Cream of The
Crop").

Kolota and Balbierz (2015) found similar yield of
patisson fruits in cultivar 'Disco' (9.89 t.ha™) compared to
the cultivar 'Orfeus’, tested in realised experiment. Yield of
other patisson cultivars, presented by authors, was
markedly higher in comparison with cultivar 'Orfeus', e. g.
10.51 tha™ ("Polo F1'), 11.60 tha” ('Gagat), 13.27 tha
('Okra'), 14.46 tha” (‘Sunny Delight'). The fruit yield of
Acorn squash type cultivars was the study subject of
Strang et al. (2001). Authors found significant yield
variability in dependency on the tested Acorn cultivars. It
was varied in the range from 6.17 tha' to 23.45 tha
(average = 13.58 tha™). In mentioned study, the lower
yield was found in cultivars 'Table Gold' (10.43 t.ha) in
comparison with our study. On the contrary, the higher
yield was reached in cultivar 'Cream of The Crop'
(13.57 t.ha™), compared to our study. Strang et al. (2006)
found relatively high yield of fruits in Acorn squash
cultivar 'Autumn Delight' (18.29 t.ha™).

statistically ~ significant

Average weight of fruits

In this study, statistically significant differences of
average fruit weight among squash cultivars 'Orfeus'
(patisson)>'Jet Set'«>'Cream of The Crop' or 'Thelma
Sanders'«>'Table Gold' were not showed. Other
differences among cultivars were evaluated as statistically
significant (Table 3).

The average fruit was ranged from 532.4 g to 780.7 g and
it was increasing in following cultivar order: 'Table Gold'
<'Thelma Sanders' <'Cream of The Crop' <Jet Set'
<'Orfeus' (patisson).

Baritova, Uher and Stefunko (2011) found the
variability of average patisson fruit weight in the range
from 757 g to 922 g. These results are realtively
comparable to the cultivar 'Orfeus', used in this study.
Compared to the tested Acorn squash cultivars, similar
values of average fruit weight were presented in the
studies of Strang et al. (2011) and Strang et al. (2016)
with variability in the range from 453.6 g to 725.7 g.

Total carotenoid content (TC)

Carotenoids are natural compounds of many vegetable
species and they predominantly define the yellow, orange
or reddish colour of various intensity in the edible parts of
many crops, €.g. carrot, sweet potato or some squash types.
The most prominent carotenoid in the most of vegetable
species, including Cucurbita species, is [-carotene
(Maiani et al., 2009; Slosar et al., 2013).

The total carotenoid content in all Acorn squash cultivars
was statistically significantly higher in comparison with
patisson cultivar. Values of TC in tested squash cultivars
were increasing in the following cultivar order: 'Orfeus'
(1.10 mgkg' fresh weight) <'Cream of The Crop'
(7.31 mg.kg" fresh weight) <Jet Set' (7.94 mg.kg™) fresh
weight <'Thelma Sanders' (10.34 mgkg' fresh weight)
<'Table Gold' (26.74 mgkg"'). The content of TC in
particular squash cultivars was closely depending on the
intensity of fruit pulp colour. The expressly highest
content of TC was found in the Acorn cultivar 'Table Gold'
which fruits was characterized by intensive orange pulp
colour.

Regarding to the tested patisson cultivar 'Orfeus', Kolota
and Balbierz (2015) found relatively comparable
carotenoid content which varied from 0.55 mg.kg™ to 1.05
mg.kg” f. w. in dependence on the patisson cultivar. On
the contrary, Balbierz and Kolota (2017) found markedly
lower content of total carotenoids (0.27 mgkg” f. w.) in
patisson fruits, compared to the tested cultivar 'Orfeus'.

Similar value of carotenoid content in Acorn squash,
compared to our results, was presented in the study of
Wyatt et al. (2016), concretely 10,1 mgkg”' f w.
Murkovic, Miilleder and Neunteufl (2002) monitored
the carotenoid content (o-carotene, B-carotene, lutein and
zeaxanthin) in different squash varieties in experiment
realised in Austria. In fruits of Acorn cultivars, the average
content of TC was 27.65 mgkg' f w. This value is
significantly higer than the average content of TC in our
experiment (13.08 mgkg' f. w.). The second tested
Cucurbita species in study of mentioned authors was
Cucurbita moschata which is known for ther intensive
orange colour of fruit pulp. The TC content in the fruits of
this species was varied from 41.6 mg.kg” to 130.4 mg kg
f. w. what indicate that Cucurbita moschata is richer
source of carotenoids than Cucurbita pepo (Acorn
varieties, patisson, courgette, spaghetti squash etc.). This
fact was also presented in the study of Mendelova et al.
(2017) who found variability of carotenoid content in fruits
of Cucurbita moschata in the range from 28.2 mgkg™” to

Table 1 Climate characteristics in experiment area in 2016 (KoSice).

Month Temperature (°C) Rainfall (mm)
2016 Evaluation 2016 Evaluation
May 15.7 normal 75 normal
June 20.7 very hot 58 dry
July 21.2 normal 113 wet
August 19.6 normal 83 normal
September 17.4 hot 26 dry

Note: evaluation of months according to the climatic normal (long-term average 1961 — 2010) for KoSice.

Table 2 Agrochemical characteristics of the soil before the experiment establishment in 2016 (Kosice).

Humus pH/KCI Nutrient content in the soil (mg.kg™)
(%) N P K S Ca Mg \
341G 6,47 SA 18.9M 85.8G 1523 M 28.7M 605.1 H 632.5 VH

Note: SA — slightly acidic, M — medium content, G — good content, H — high content, VH — very high content.
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71.8 mgkg' f. w.

Ascorbic acid content (AA)

The ascorbic acid content in fruits of all Acorn squash
cultivars was statistically significantly higher compared to
the patisson cultivar 'Orfeus'. The statistically significant
differences were also found among individual Acorn
squash cultivars. The highest AA content was found in
cultivar 'Table Gold' (238.79 mg.kg" f. w.). Difference of
AA content between mentioned Acorn cultivar and
patisson cultivar 'Orfeus' presented value of 181.49 mg.kg
! In other Acorn cultivars, differences of AA content, in
comparison with patisson cultivar, were ranged from
67.50 mgkg” to 136.87 mgkg” f. w.

Compared to obtained results, Kolota and Balbierz
(2015) found markedly higher values of AA content in
patisson fruits which varied from 157.90 mgkg' to
267.30 mgkg' f. w., dependent on the cultivar. Similar
value of AA content in patisson (232.50 mg.kg™" f. w.) was
also presented in the study of Balbierz and Kolota (2017).
According to the USDA (2017), the AA content in Acorn
squash is 110 mg. kg™ f. w. All Acorn cultivars, tested in
this study, were expressed by higher content of AA in the
fruit pulp. After comparison of obtained results with study
of Andrejiova et al. (2016), Acorn squash (Cucurbita
pepo) can be marked as a slightly richer source of AA in
comparison with Cucurbita moschata, another important
squash species. Authors found a variability of AA content
in the fruits of Cucurbita moschata (six cultivars) in the
range from 138.8 mgkg” to 186.9 mgkg' f. w. Similar
value of AA content in Cucurbita moschata (139.9 mg. kg’
"' f. w.) was also presented in the study of Chua (2007).

Antioxidant activity
Antioxidants are wide group of various substances

free radicals, responsible for many serious diseases, e. g.
various cancer types, cardiovascular and neurological
diseases (Sindhi et al., 2013). In the group of antioxidants,
following substances are classified: flavanoids, vitamins C,
E or K, carotenoids, phenolic acids, selenium etc. (Nahak,
Suhar, Sahu, 2014).

From aspect of antioxidant activity, statistical differences
among Acorn cultivars and patisson cultivar were founded.
The values of antioxidant acitivity (AOA) were varied
from 5.29% (Acorn 'Jet Set') to 10.80% (patisson 'Orfeus').
Obtained results are relatively comparable to the study of
Hamissou et al. (2013) who found the AOA (DPPH) of
Cucurbita pepo fruits (zucchini) on the level of 12.19%.
Olearova et al. (2013) found the variability of AOA in
Cucurbita pepo fruits in the range from 2.72% to 6.24%.
These values are, in average lower than the AOA of
patisson and Acorn cultivars in realised study. The study
of Gajewski et al. (2008) was focused on the comparison
of various Cucurbita species (Cucurbita pepo, Cucurbita
moschata, Cucurbita maxima) and quality of their fruits.
The AOA of Cucurbita pepo fruits (DPPH) was the lowest
from all tested species (9.5 — 13.6%); on the other side,
values were higher compared to our obtained results. Other
tested species, Cucurbita maxima and Cucurbita
moschata, were characterized by markedly higher AOA
compared to the Cucurbita pepo. The values of AOA in
Cucurbita maxima were ranged from 56.7% to 73.2%. The
AOA in the fruits of Cucurbita moschata was on the level
of 63.1%. The fact that Cucurbita moschata and Cucurbita
maxima are characterized by expressively higher AOA,
compared to the Cucurbita pepo, was also presented by
Altemini et al. (2016), Dinu et al. (2016) or Zhao et al.
(2015).

Total soluble solid (TSS)

Table 3 Quantitative parameters of patisson and Acorn pumpkin cultivars.

Species/ Yield AW
cultivar (t.ha £SD) (g £SD)
Patisson 'Orfeus' 9.5+0.12°¢ 780.7 £37.2°
Acorn 'Thelma Sanders' 11.8 £0.13¢ 584.6 £38.4°
Acorn 'Jet Set' 12.0 £0.10™ 769.2 +40.2°
Acorn 'Table Gold' 14.7 +0.11° 532.4 +37.0°
Acorn 'Cream of The Crop' 17.8 £0.13* 708.8 £33.1°

AW — average fruit weight; SD — standard deviation.

Note: Values with different italics letters are significantly different at p <0.05 by LSD in ANOVA.

Table 4 Qualitative parameters of patisson and Acorn pumpkin cultivars.

Species/cultivar TC AA AOA TSS
(mg.kg" £SD) (mg.kg™! £SD) (% +SD) (BRIX £SD)
Patisson 'Orfeus' 1.10 +0.21¢ 57.30 £2.82¢ 10.80 +£0.21° 0.5 +0.08°
Acorn '"Thelma Sanders' 10.34 +0.45° 124.84 +4.56¢ 5.57 +0.20¢ 3.4+0.16°
Acorn 'Jet Set' 7.94 +£0.23° 194.17 £3.78° 5.29 £0.12¢ 3.8 £0.22°
Acorn 'Table Gold' 26.74 £0.68" 238.79 +3.55° 8.57 £0.43¢ 2.0 £0.16°
Acorn 'Cream of The Crop' 7.31 £0.43° 144.71 £3.31° 10.23 £0.33° 1.6 +£0.12¢

TC — total carotenoids; ascorbic acid (vitamin C); AOA — antioxidant activity; TSS — total soluble solids; SD — standard

deviation.

present in vegetables, fruits or other crops. They are
usually defined as substances which help to prevent human
organism in small amount against negative influence of

The content of soluble solids (mainly sugars) in

vegetable extracts is oftenly presented and marked as a
total  soluble

(refractometric)  solid
Andrejiova, 2015). The

(Hegediisova,

Mezeyova, statistically
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significant differences of TSS among individual Acorn
squash cultivars and patisson cultivar were found. Values
of TSS were varied from 0.5 °BRIX (patisson 'Orfeus') to
3.4 °BRIX (Acorn 'Thelma Sanders').

The significantly higher TSS in Cucurbita pepo fruits
(3.0 — 4.5 °BRIX), compared to this study, were presented
by Gajewski et al. (2008). Compared to the tested
patisson cultivar 'Orfeus', Kolota and Balbierz (2015)
found higher values of TSS in the range from 1.57 °BRIX
to 1.91 °BRIX, in dependency on the patisson cultivar.
Silva and Bruce (2016) evaluated the content of TSS in
fruits of six Acorn squash cultivars and its values were
varied from 8.27 °BRIX to 10.42 °BRIX. Loy (2006)
found variability of TSS in Acorn squash cultivars in the
range from 5.9 °BRIX to 15.0 °BRIX. The significant
differences among TSS values were caused by various
harvest date and storage period of squash fruits. In all
metioned studies, the content of TSS in squash fruits was
expressively higher compared to the Cucurbita pepo
cultivars tested in realised experiment.

Several studies indicate that Cucurbita pepo fruits are
characterized by lower content of TSS in comparison with
some other Cucurbita species, e. g. Cucurbita moschata or
Cucurbita maxima (Gajewski et al., 2008; Iacuzzo, Dalla
Costa, 2009; de Carvalho et al., 2015).

CONCLUSION

The Acorn squash (Cucurbita pepo) is less-known
cultivar type in Slovak Republic or Middle European
region generally. It is wide-spread and grown on the large
areas mainly in USA. The aim of this study was to
evaluate the important quantitative (yield per hectare,
average fruit weight) and qualitative (total carotenoids,
vitamin C, antioxidant activity, total soluble solids) yield
parameters of Acorn squash fruits (four cultivars) in
comparison with patisson which is typical squash type of
Cucurbita pepo in Slovak Republic. The average weight of
patisson fruits (780.7 g) was higher than its value in Acorn
squash cultivars (584.6 — 769.2 g). On the contrary, yield
of Acorn squash fruits (11.8 — 17.8 tha™) was markedly
higher compared to the patisson cultivar (9.5 t.ha™). Acorn
squash cultivars were showed the higher total carotenoid
content (7.31 — 26.74 mg.kg™ f. w.) in comparison with
patisson (1.10 mg.kg™ f. w.). Similarly, the higher content
of vitamin C (124.84 — 238.79 mgkg' f. w.) and total
soluble solids (1.6 — 3.8 °BRIX) in Acorn fruits compared
to the tested patisson cultivar (57.30 mgkg' f w.;
0.5°BRIX) was found. On the contrary, the higher
antioxidant activity was found in patisson fruits (10.8%) in
comparison with Acorn cultivar fruits (5.29 — 10.23%)
Obtained results indicate that Acorn cultivars are very
interesting squash type with promising yield potential for
growing in conditions of Slovak Republic. The significant
aspect of Acorn squash cultivar is also quality of fruits,
which was expressively higher in several parameters
compared to the patisson - typical species of Cucurbita
pepo in conditions of Slovak Republic, or Middle Europe
region generally.
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DEVELOPMENT AND CHARACHTERIZATION OF BARELY SUPLLEMENTED
FLAVORED CHAPATTIS

Zanib Arshid, Majid Majeed, Imran Pasha, Muhammad Usman Khan,
Mohammad Ali Shariati, Igor Pigorev

ABSTRACT

Food scientist are actively involved to improve the quality of wheat through composite flour technology by supplementing
wheat flour with other grain flours. Barley grains are outstanding source of total dietary fibers (TDF) and offers remarkable
quantity of active ingredients for health elevation and disease prevention. Purposely, the current research work was
designed to improve the nutritional potential of wheat chapattis by including barley flour 10%, 20%, 30% along with the
addition of functional blend (Methi powder and garlic paste) 2%, 4%, 6% levels respectively. Wheat and barley composite
flour were analyzed for its chemical, mineral, antioxidant and total dietary composition. The supplementation of barley
flour and functional blend into wheat flour enhanced the mineral. Addition of barley flour and functional blend increased
total phenolic in composite flour 0.41 (control) to 0.69 mg GAE.100g™" and DPPH from 20.95 — 23.82%. Total dietary fiber
in composite flour varied form 3.11% (control) to 7.69% (30% barley flour with 6% functional blend). Total dietary fiber
in chapattis ranged from 6.04 (control) to 8.21% (30% barley flour with 6% functional blend). 30% supplementation of
barley flour and 4% addition of functional blend presented better sensory response of the prepared chapattis. All the
outcomes revealed that nutritionally rich chapattis should be incorporated in daily diet to explore the dietary worth of

barley.

Keywords: Composite flour technology; antioxidant; total dietary fiber; chapatti

INTRODUCTION

Cereals are known to have a positive influence on the
general state of human body. Healthier diet can be
provided by consuming cereal grains containing high fiber
that are low in sugar content and high in fiber and fiber
foods has been suggested to control over the health issues
such as cardiovascular diseases, hypertension, colon
cancer and diabetes (Sudha et al., 2015) Based on the
recent state of the science, there is reasonable indication
that risk of obesity can be minimized by taking a diet that
is a combination of whole grains and bran or abundant in
cereal fiber. The nutritional gains of whole grain foods are
mainly credited due to the occurrence of bioactive
compounds (Edge et al., 2005).

Predominantly consumption of wheat is for the purpose
of production of unleavened flat bread usually known as
chapatti in Pakistan and entitled as primary cereal crop in
the world (Gujral and Pathak, 2002). Wheat grain is
characterized by elevated amount of carbohydrate content
(about 70%), comparatively low protein content (9 to
13%), low moisture content, little amounts of lipids,
minerals, vitamins and fiber (Dholakia, 2001).

Barley (Hordeum vulgare L.) is used as porridge by
human beings, forage for cattles, in making fine
superiority beers, alcoholic beverages and used in poultry
feeds. Due to its various applications, barley has occupied
vital position among cereals at global level (Wahid, 2006).
Barley provides number of health benefits and contains
complex carbohydrate generally starch for the purposes to
gain energy, adequate amount of protein that fulfill the
requirement of amino acids, vitamins particularly vitamin
E, low fat, total fiber, antioxidants mainly polyphenolics
and minerals (Frost et al., 2011). Nutritionally important
at least fourteen mineral elements have been existed in
fluctuating amounts in whole barley flour (Jilal, 2011).
Secondary metabolites present in barley grains are known
as phenolic compounds. They are antioxidant provide
protection against cardiovascular diseases and collectively
these properties are called as biological properties (Han,
2007).

The procedure of mingling whole wheat flour with other
cereals and legumes flours to attain better nourishment, to
impart functional characteristics, to reduce cost of
production and to make the usage of locally available raw
materials is known as composite flour technology (Butt et
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al., 2011). Hussein et al. (2011) conducted a study as an
effort to unravel the scarcity in wheat production by
replacing a share of wheat flour (WF) with gelatinized
corn flour (GCF), whole meal barley flour (WBF) and both
of them in bread. It was found that the incorporation of
gelatinized corn flour and whole meal barley into bread
improved ash, protein, fiber, fat, f-glucan and minerals (P,
K, Fe and Ca). Nutritional worth and protein percentage of
wheat flour foodstuffs might be upgraded by using
composite flours (Ajithkumar et al., 2005). Fenugreek
(Trigonella foenum-graecum) is well recognized for
imparting flavor to several traditional foods. Besides, it
provides tremendous amount of active ingredients for
health promotion and disease prevention. Methi powder is
added in chapatti as a taste adjusts for chapatti.
Supplementation of fenugreek seed powder in bread serve
as functional food accredited to rich nutritional,
antioxidant and sensory quality (Afzal et al., 2016).
Addition of 5% methi powder enlarged the alimentary
worth of flour principally in terms of higher intake of
fibers and minerals e.g. iron and calcium (Dhingra and
Jood, 2004).

Chapatti prepared from composite flour can be included
in the diet for the better management of diabetes and also
beneficial to keep away from further secondary
complications. To yield suitable chapattis corn, oat,
sorghum and barley flour has also been assimilated in
wheat flour (Gujral and Pathak 2002). Addition of 15 —
20% barley flour in wheat flour was acceptable for bread
preparation. Overall appearance, texture, and flavor was
good but poor sensory characteristics like poor brown
color, hard crumb texture and reduced loaf volume was
observed due to increased level of barley flour (Dhingra
and Jood, 2004). Lagasse et al. (2006) also reported that
better quality bread can be made from 15 — 30% barley
flour with minor alteration in texture, shape and color. The
color and appearance of chapattis were found to be
suitable with the substitution of wheat flour by 30% of
barley flour whereas flavor and texture were acceptable
even at 40% substitution levels. So, the people
requirements of chapattis which is staple food are fulfilled
by making composite flours of other cereals and legumes.

Planned actions were required to improve the nutritional
profile of people consuming wheat flour chapattis only.
Massive population can be easily covered if we assume
staple food as a source of supplementation (Butt et al.,
2007).

Scientific hypothesis

The recent research was conducted to assess the
nutritional properties of composite flour prepared by
adding barley flour and to select the best suitable flavored
chapattis prepared with barley and functional blend.

MATERIAL AND METHODOLOGY

Procurement of raw material

The study was carried out at National Institute of Food
Science and Technology, University of Agriculture,
Faisalabad. Commercially available wheat variety named
Galaxy 2013 and barley variety named B 9008 was

procured from Wheat Research Institute, Ayub Agriculture
Research Institute (AARI), Faisalabad. Chemicals were
purchased from local market.

Sample Preparation

Wheat and barley grains was thoroughly cleaned to
remove dirt, dust, insect, moldy seeds and foreign matter.
The raw wheat sample and barely sample were milled to
flour sample and stored in airtight container before use. To
prepare functional blend fresh leaves of methi were
washed and directly dried in the sun for 4 — 5 days. The
dried leaves ground by grinder to make powder. For the
preparation of garlic paste, garlic was washed and ground
to make paste. Methi powder and garlic paste were mixed
together in equal ratio to form functional blend.

Analysis of wheat and barley flour samples

The wheat and barley flour samples were analyzed for
moisture, ash, crude fat, crude protein, crude fiber and
nitrogen free extract according to their respective methods
as described in AACC (2000).

Preparation of composite flours

Wheat flour was blended with barley flour and functional
blend in different combinations as mentioned in Table 1.
Each treatment of composite flour was thoroughly mixed
in order to achieve the uniform dispersion of barley flour
in wheat flour.

Chemical analysis of composite flour

The wheat and barley composite flour samples were
analyzed for moisture, ash, crude fat, crude protein, crude
fiber and nitrogen free extract according to the respective
methods as described in AACC (2000).

Mineral contents

Sodium and potassium were measured through flame
photometer (Sherwood Flame Photometer 410, Sherwood
Scientific Ltd. Cambridge, UK), while calcium,
magnesium, zinc, copper, iron and manganese measured
by using Atomic Absorption Spectrophotometer (Varian
AA 240, Victoria, Australia) by following the procedure of
AOAC (2006).

Determination of anti-oxidant profile

To determine the antioxidant profile of composite flour
total phenolic content was determined by following
methods.

Determination of Total phenolic content (TPC)

The total phenolic compounds in composite flour were
estimated by Folin-Ciocalteu method (FCM) described by
Kahkonen et al. (1999).

Radical Scavenging Activity by using DPPH Method.

The antioxidant activity of composite flour was
determined based on the radical scavenging ability in
reacting with a stable DPPH free radical (Afify et al.,
2012).

Dietary fiber of composite flour
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The flours were analyzed for total dietary fiber content
according to method No. 32-05 as described in (AACC,
2000) by employing Megazyme Assay Kit. The samples
were dispersed in a buffer solution and incubated with
heat-stable a-amylase at 95 — 100°C for 35 minutes. After
cooling the samples these were incubated at 60°C for 30
minutes by adding 100 pL protease solution. Furthermore,
o-amylase and protease treated samples were incubated
with amylo glucosidase at 60°C for 30 min. The fiber
contents were precipitated by the addition of alcohol in
1 : 4 ratios and filtered. Residue was washed with alcohol
and acetone. A blank was run in a similar manner. TDF

Table 1 Treatment Plan for wheat-barley composite flours.

was determined by applying formula.

Preparation of chapattis

Different blends along with 100% wheat flour control
were used to make the chapattis. Dough was made by
mixing samples with water for few minutes in a mixer and
allowed to rest. The dough was then rolled up manually
and turned into chapattis, the dough was be baked on hot
plate (Shahzadi, 2004).

Dietary fibers in chapattis
Dietary fiber content of chapattis prepared from the

Treatments Wheat flour % Barley flour % Functional ingredients blend %
T, 100 - -
T, 88 10 2
T, 78 20 2
T, 68 30 2
T, 86 10 4
Ts 76 20 4
Ts 66 30 4
T, 84 10 6
Ts 74 20 6
T, 64 30 6
Table 2 Chemical composition (%) of Wheat and barley flour.
Treatments Moistu Ash (%) Protein (%) Fiber (%) NFE
re (%)
Wheat 9.08 +0.18 1.38 +0.04 11.54 +0.24 1.33 £0.05 76.26 +0.37
Barley 7.14 £0.46 3.05 +0.24 13.63 +0.14 3.51 £0.18 72.14 +0.10
Table 3 Chemical composition (%) of different supplemented flour.
Treatments Moisture Ash (%) Protein (%) Crude Fat Fiber (%) NFE (%)
Content (%) (%)
Ty 9.03 +£0.44° 1.38 11.54 +0.24° 1.74 £0.04® 1.33 £0.04" 74.98 £0.37°
+0.04¢
T, 8.65 +£0.32% 1.50 11.68 £0.22% 1.87 +£0.05® 1.51 £0.07¢" 74.91 £0.29®
+0.01%
T, 8.17 £0.25%¢ 1.72 12.32 +£0.17°4 2.17 £0.01® 1.85 £0.02%"  74.11 £0.50%
+0.03°%¢
T, 7.60 £0.36° 1.98 12.84 +0.08% 2.26 +£0.07% 2.0 +0.03™  73.70 £0.45>%
£0.01%®
T, 8.71 £0.44® 1.55 11.74 £0.10% 1.88 £0.01% 1.63 £0.05™ 74.68 £0.36
+0.02%
Ts 8.35 +0.40% 1.79 12.48 +0.11% 2.13+0.03 % 1.92 +£0.04°%  73.69 £0.39%%
+0.01%
Ts 7.82 +£0.39% 2.09 12.99 £0.37% 2.33 +0.09° 2.23 £0.06™ 73.10 £0.61%
+0.18%
T, 8.83 £0.33%® 1.60 11.79 +£0.33%% 1.94 +£0.03 1.75 £0.07°"  74.37 £0.15™
+0.03%
Ty 8.51 +£0.30%° 1.656 12.57 £0.41% 2.21+0.02%® 1.95+0.01°¢  73.31 £0.60°
+0.02%
T, 8.01 £0.32% 1.792 13.1 £0.084° 2.37 +0.62° 2.54 +0.03° 72.57 £0.25°
+0.02°

Note: Values expressed are means + standard deviation; TO: whole Wheat Flour (Control); T;: 88% whole wheat flour
+10% barley flour +2% Functional blend; T,: 78% whole wheat flour +20% barley flour +2% Functional blend, T,
68% whole wheat flour +30% barley flour +2% Functional blend, T4: 86% whole wheat flour +10% barley flour +4%
Functional blend, Ts: 76% whole wheat flour +20% barley flour +4% Functional blend, Ts: 66% whole wheat flour
+30% barley flour +4% Functional blend, T7: 84% whole wheat flour +10% barley flour +6% Functional blend, Tg:
74% whole wheat flour +20% barley flour +6% Functional blend, Ty: 64% whole wheat flour +30% barley flour +6%

Functional blend.
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different treatments of composite flour was determined by
following method described (Prosky et al., 1987).

Sensory evaluation of chapattis

Sensory evaluation of chapattis was carried out for
various sensory attributes like flavor, texture, color, taste,
chewingability and foldingabiity by the panel of 5 trained
judges from the National Institute of Food Science and
Technology having expertise in Cereal Technology
according to the 9-point hedonic scale as described
according to the protocol of Meilgard et al. (2006).

Statisic analysis

All analyses were carried out in triplicate and the data
was reported as means =standard deviation computed
through Microsoft Excel 2013. Significant difference
among treatments was evaluated through analysis of
variance (ANOVA) under completely randomized design
(CRD).

The results obtained from different parameters of all the
treatments were exposed to statistical analysis. Completely

Randomized Design (CRD) was used, followed by the
Analysis of Variance Technique (ANOVA) and the results
were interpreted according to the Least Significant
Difference Test (LSD) at 5% level of significance as
described by (Steel et al., 1997).

RESULTS AND DISCUSSION

Characterization of wheat and barley flour

The means for proximate composition of both flours
given in Table 2. Moisture, crude fat, total ash, crude
protein, crude fiber and nitrogen free extract was 9.08,
1.74, 1.33, 11.54%, 76.26% in whole wheat flour and
7.08%, 13.63%, 4.04%, 3.11%, 3.05% and 72.14 in whole
barley flour respectively. The whole barley flour possessed
minimum moisture content and nitrogen free extract (NFE)
as compared to wheat flour. Whole barley flour yielded
higher contents of protein, fat, ash and crude fiber as
compared to wheat flour sample.

The outcomes of current analysis are in accordance with
Yalmlahi and Ouhuuine (2013). whose result supports
that moisture content in wheat flour is greater than

Table 4 Sodium and potassium, calcium, magnesium minerals composition of wheat and barley supplemented flours.

Treatments Na (mg.100g™) K (mg.100g™) Ca (mg.100g™) Mg (mg.100g™)
T, 2.02 £0.36° 684.00 +£5.561 23.09 +2.38 152.33 £3.11°
T, 2.71 £0.33¢ 697.00 +8.54 24.68 +0.94 158.33 £3.05°"
T, 3.68 +0.22% 712.67 £5.50 % 25.94 +1.97 167.63 £2.07%%
T, 4.73 £0.77% 728.00 £3.00 ® 27.02 +2.21 175.78 £3.86%
T, 2.81 £0.25% 685.80 £5.30¢ 24.74 £1.14 159.77 £2.92¢%f
Ts 3.70 +0.14% 698.53 £6.30 26.04 +2.74 168.67 £4.72%4
Ts 4.77 +0.17 729.88 £2.80 *° 27.14 +3.24 177.13 £3.72%
T, 2.88 +0.20°% 687.21 £5.93¢ 24.83 +3.37 161.47 £3.83%%f
Ts 3.78 +£0.22% 700.07 £10.8% 26.19 +2.79 169.93 £4.02%%
T, 4.79 +0.11° 731.77 +£10.76" 27.21+2.9 178.67 +2.66°

Note: Values expressed are means =+ standard deviation; TO: whole Wheat Flour (Control); T;: 88% whole wheat flour
+10% barley flour +2% Functional blend; T,: 78% whole wheat flour +20% barley flour +2% Functional blend, Tj;.
68% whole wheat flour +30% barley flour +2% Functional blend, T,: 86% whole wheat flour +10% barley flour +4%
Functional blend, Ts: 76% whole wheat flour +20% barley flour +4% Functional blend, Ts: 66% whole wheat flour
+30% barley flour +4% Functional blend, T;: 84% whole wheat flour +10% barley flour +6% Functional blend, Tg:
74% whole wheat flour +20% barley flour +6% Functional blend, To: 64% whole wheat flour +30% barley flour +6%
Functional blend.

Table 5 Manganese, iron, copper and zinc composition of wheat and barley supplemented flours.

Treatments Mn (mg.100g™) Fe (mg.100g™) Cu (mg.100g™) Zn (mg.100g™)
T, 3.80 +£0.19¢ 1.71 +£0.48° 0.31+0.01" 2.90 £0.38°
T, 3.95 +0.15% 2.47 £0.49" 0.34 £0.02°" 3.64 £0.21%
T, 437 +0.28° 3.83 £1.16® 0.39 £0.04%% 4.74 £0.41%
T, 4.97 £0.29% 4.76 +£0.49* 0.46 £0.07 5.32 +0.38*
T, 3.99 +£0.19% 2.49 +£0.34% 0.35 £0.03 %f 3.67 £0.08™
Ts 4.40 +0.14>4 3.88 £0.31%° 0.41 £0.06>¢ 4.76 +0.05%
Ts 5.00 +0.20%° 4.78 +£0.46° 0.47 £0.1%° 5.36 +£0.28°
T, 4.24 +£0.24% 2.54 £0.31% 0.36 £0.08%" 3.70 £0.25%
Ts 4.46 +0.19" 3.90 £0.26 0.43 £0.05 ™ 4.81 +0.43%
T, 5.18 +0.33° 4.83 +0.42° 0.49 +0.02° 5.42 +0.56°

Note: Values expressed are means + standard deviation; TO: whole Wheat Flour (Control); T1: 88% whole wheat flour
+10% barley flour +2% Functional blend; T2: 78% whole wheat flour +20% barley flour +2% Functional blend, T3:
68% whole wheat flour +30% barley flour +2% Functional blend, T4: 86% whole wheat flour +10% barley flour +4%
Functional blend, T5: 76% whole wheat flour +20% barley flour +4% Functional blend, T6: 66% whole wheat flour
+30% barley flour +4% Functional blend, T7: 84% whole wheat flour +10% barley flour +6% Functional blend, T8:
74% whole wheat flour +20% barley flour +6% Functional blend, T9: 64% whole wheat flour +30% barley flour +6%
Functional blend.
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Table 6 Total dietary fiber composition of wheat and barley supplemented flour and chapattis.

Treatments TDF in flour (%) TDF in chapattis (%)
T, 3.11 £0.10¢ 6.04 +£0.075
T, 5.81 £0.06° 7.34 +0.046°
T, 6.52 +0.28" 7.76 +0.040¢
T, 7.47 +£0.06 7.98 +0.074"
T, 5.89 +£0.04° 7.42 £0.046°
Ts 6.63 +0.06" 7.81 +£0.050%
Te 7.58 +0.05° 8.08 +£0.09
T, 5.95+0.08 ¢ 7.49 +0.06°
Ts 6.71 £0.16° 7.87 £0.078%
T, 7.69 £0.05 8.21 £0.095°

Note: Values expressed are means =+ standard deviation; TDF: Total dietary fiber, TO: whole Wheat Flour (Control); T;:
88% whole wheat flour +10% barley flour +2% Functional blend; T,: 78% whole wheat flour +20% barley flour +2%
Functional blend, T3. 68% whole wheat flour +30% barley flour +2% Functional blend, T,: 86% whole wheat flour
+10% barley flour +4% Functional blend, Ts: 76% whole wheat flour +20% barley flour +4% Functional blend, Té:
66% whole wheat flour +30% barley flour +4% Functional blend, T7: 84% whole wheat flour +10% barley flour +6%
Functional blend, Ts: 74% whole wheat flour +20% barley flour +6% Functional blend, Ty: 64% whole wheat flour
+30% barley flour +6% Functional blend.

Table 7 Antioxidants in different supplemented flours.

Treatments TPC (mg GAE.g’l) DPPH (%)
T, 0.41+0.08¢ 20.95 +0.82°
T, 0.50 £0.02¢ 21.85+0.77%
T, 0.60 £0.03° 22.79 £0.04 %
T, 0.67 +0.04 23.74 +£0.052
T, 0.52 +£0.05° 21.88 +0.03%
Ts 0.61 £0.07° 22.82 £0.26™
T 0.68 +£0.02° 23.77 £0.06*
T, 0.53 +0.09° 21.93 +0.13%
Ts 0.62 +0.04° 22.87 +£0.05®
T, 0.69 +0.06 23.82 +0.07°

Note: Values expressed are means + standard deviation; TPC: Total phenolic content, GAE: Gallic acid equivalents
(Folin-Ciocalteu method), DPPH: 2,2-diphenyl-1-picrylhydrazyl, Ty: whole Wheat Flour (Control); T,: 88% whole
wheat flour +10% barley flour +2% Functional blend; T,: 78% whole wheat flour +20% barley flour +2% Functional
blend, T;. 68% whole wheat flour +30% barley flour +2% Functional blend, T,: 86% whole wheat flour +10% barley
flour +4% Functional blend, Ts: 76% whole wheat flour +20% barley flour +4% Functional blend, Ts: 66% whole
wheat flour +30% barley flour +4% Functional blend, T-: 84% whole wheat flour +10% barley flour +6% Functional
blend, Ty: 74% whole wheat flour +20% barley flour +6% Functional blend, Ty: 64% whole wheat flour +30% barley

flour +6% Functional blend.

moisture content of barley flour. Moisture content was
influenced by milling techniques. Khan (2009) revealed
the same results for fat in whole wheat flour. In another
research analysis Hussein et al. (2013) observed 4% fat in
whole barley flour. As for barley flour, the value obtained
is judged too high. This is due to the fact that the
separation of germ from bran is not so fine during the
barley milling as compared to wheat grain milling. The
consequence of existing study are in close agreement with
previous research work of Hussein et al. (2013). They
found 1.47% ash in wheat flour and 3.08% ash in barley
flour. Ejaz (2014) noticed less protein content in wheat
flour and higher in composite flour. Ragaee et al. (2006)
made similar observation for protein content present in
wheat flour. The results showed the higher percentage of
crude fiber in whole barley flour as compare to the whole
wheat flour. The results of present study regarding the
fiber composition of whole wheat flour and whole barley
flour are in close agreement with earlier research work of
Elzamzamy (2014). Hussein et al. (2013) observed the
1.65% of crude fiber in wheat flour and 3.35% crud fiber

in whole barley flour. These results are in close agreement
with present research analysis. Khan (2009) made similar
observation for NFE in whole wheat flour. Elzamzamy
(2014) made observation that NFE for whole wheat flour
was greater than whole barley flour.

Analysis of Composite flour
Chemical composition of composite flours

The mean values regarding proximate composition of
varying treatments have been revealed in table 3. The
proximate composition of composite varied due to the
varying amount of barley flour and functional blend
supplemented into the wheat flour.

The highest moisture content (9.03%) was found in T,
and minimum moisture content (7.6%) was noted in Tj
(68% whole wheat flour +30% barley flour +2%
Functional blend). The current conclusions of existing
research work are in agreement with Yalmlahi and
Ouhuuine (2013). Moisture content reduced by increasing
the amount of barley flour moisture and this was attributed
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due to a greater water holding capacity of wheat flour than
the barley flour.

Minimum ash content was found in control i.e. wheat
flour while maximum in treatment Ty. Shahzadi (2004)
observed the same outcomes in her. It was due to the fact
because barley flour usually contains visible specks of
bran and subsequently appears darker and is higher in ash
content than wheat flour.

The mean value (Table 3) revealed that protein content in
composite flour was ranged from 11.54 to 13.1%. Least
protein content was observed in wheat flour and maximum
in composite flour with 30% barley flour and 6%
functional blend. Beswa (2010) found similar protein
content in wheat-millet composite flour 10, 20 and 30%
substitution levels. The present results are close enough to
Ejaz (2014). Ragaee et al. (2006) found higher protein
content in barley and less protein content in hard and soft
wheat. They explained the reason of higher protein content
in barley. It was due to the reason because high nitrogen
fertilization, in most instances, increases storage proteins

(that are higher in barley that wheat) and thus total protein
of barley.

The fat content varied from 1.74 to 2.37%. The
significant increase in the fat content of composite flour
with increasing levels of barley flour substitution may be
explained by the fact that, the higher content of fat in
whole grain product is due to the presence germ in which
oil is concentrated and germ portion of barley grain is
higher than wheat grain. Fat contents in wheat, sorghum,
millet, rye and barley flour are observed by Ragaee et al.
(2006) whose results are much closer with the discoveries
of current outcomes. Khan (2009) and Arab et al. (2010)
revealed same results for fat content in whole wheat flour
and composite flours.

The fiber content varied from 2.54% to 1.33%. The
significant (p <0.05) increase in the fibre content was due
the reason that, wheat flour had lower fibre content values
compared to barley flour. Barley contains higher amount
of cellulose and lignins and both of these are mainly
consisted in crude fiber and fiber portions are mainly

Table 8 Effect of various treatment on color, texture, folding ability and Chew ability of wheat and barley

supplemented flavored chapattis.

Treatments Color Texture Folding ability Chew ability
T, 7.41 +£0.0501 8.02 +£0.074° 7.91 £0.047 8.53 £0.04°
T, 6.46 +0.042" 7.53 +0.047° 7.27 +0.08" 5.51 +0.23f
T, 8.01 +£0.061° 6.13 +£0.096° 8.32 £0.05° 6.52 £0.13¢
T, 8.75 +0.129° 4.79 +0.031¢ 8.68 £0.07%° 7.59 +0.040°
T, 7.03 £0.036° 7.04 +0.046° 7.64 £0.06° 6.05 £0.08°
Ts 8.51 +0.064° 5.72 +0.057" 8.51 +0.04™ 7.15 £0.04°
Ts 8.85 +0.08" 4.54 +0.04¢ 8.79 +£0.05" 8.25 £0.05
T, 5.14 +0.06' 6.52 £0.05" 6.04 +0.06' 5.31 +0.06
Ts 5.60+0.061" 531 +0.050' 6.36 £0.05" 4.58 +0.028
T, 6.05 £0.0128 4.147 £0.06' 6.76 +0.18 4.13 +0.07"

Note: Values expressed are means + standard deviation; TO: whole Wheat Flour (Control); T;: 88% whole wheat flour
+10% barley flour +2% Functional blend; T,: 78% whole wheat flour +20% barley flour +2% Functional blend, Tj.
68% whole wheat flour +30% barley flour +2% Functional blend, T,: 86% whole wheat flour +10% barley flour +4%
Functional blend, Ts: 76% whole wheat flour +20% barley flour +4% Functional blend, T4: 66% whole wheat flour
+30% barley flour +4% Functional blend, T;: 84% whole wheat flour +10% barley flour +6% Functional blend, Ts:
74% whole wheat flour +20% barley flour +6% Functional blend, Ty: 64% whole wheat flour +30% barley flour +6%
Functional blend.

Table 9 Mean scores for the effect of various treatment on taste, breakability and overall acceptability of wheat and
barley supplemented flavored chapattis.

Treatments Taste Breakability Overall acceptability
Ty 6.98 +0.06" 5.31 +0.068 7.02 £0.17¢
T, 5.94 +0.04 475 +0.1" 6.05 +0.06
T, 7.45 £0.07° 6.70 £0.06" 7.56 +0.08°
T, 8.47 +0.03" 7.71 £0.070° 8.50 +0.09*
T, 6.48 £0.23° 4.43 +0.08' 6.58 £0.16°
Ts 7.95 +0.10° 7.10 £0.05° 8.01 £0.20°
Ts 8.7 £0.22° 8.21 £0.04° 8.90 +0.25"
T, 4.58 £0.13! 4.03 £0.08' 4.54 +0.13
Ts 5.03 £0.09" 6.30 £0.06° 5.09 £0.10"
T, 4.57 +£0.03¢ 5.80 +0.07" 5.53 £0.058

Note: Values expressed are means + standard deviation; T: whole Wheat Flour (Control); T;: 88% whole wheat flour
+10% barley flour +2% Functional blend; T,: 78% whole wheat flour +20% barley flour +2% Functional blend, Tj.
68% whole wheat flour +30% barley flour +2% Functional blend, T,: 86% whole wheat flour +10% barley flour +4%
Functional blend, Ts: 76% whole wheat flour +20% barley flour +4% Functional blend, T4: 66% whole wheat flour
+30% barley flour +4% Functional blend, T;: 84% whole wheat flour +10% barley flour +6% Functional blend, Tg:
74% whole wheat flour +20% barley flour +6% Functional blend, To: 64% whole wheat flour +30% barley flour 6%
Functional blend.

Volume 12 104 No. 1/2018



Potravinarstvo Slovak Journal of Food Sciences

concentrated in bran portion that are higher in barley flour
due to poor sepration of bran during milling. Results of
Huma (2004) are found to be similar to the analysis of
current research results. The results are alike to the
conclusions of previous researchers (Butt et al., 2011;
Sharma et al., 2011). They found greater percentage of
crude fiber in composite flour as compared to the crude
fiber content in wheat flour. This is due to the higher
portion of bran in barley that contain higher content of
fiber. Due to this reason crude fiber in barley increased the
fiber content of wheat and barley composite flour.

NFE in composite flour was ranged from 72.57 to 74.98.
As Nitrogen free extract is generally determined by
subtracting sum of moister, protein, fat and fiber from 100.
Maximum value was observed in whole wheat flour
because it has lower value of protein, fat and fiber content
as compared to the other treatments. While maximum
value was found in Ts. It is due to the reason of having
maximum percentage of barley flour and minimum
percentage of functional blend among all treatment. Khan
(2009) observed 74.64% NFE in whole wheat flour.
Similarly, the consequences of existing work are sustained
greatly by the judgements by Ejaz (2014) who reported
decreasing trend for nitrogen free extract with the addition
of barley and oatmeal flour.

Mineral composition

The mean value regarding macro and micro nutrients
have been expressed in Table 4. The mean values for
sodium content was described in table 4. The significant
increase in sodium, potassium, magnesium, iron, copper,
zinc, managanese content of composite flour with
increasing levels of barley flour and functional blend was
observed while calcium content did not differ significantly.

The judgements of Arab et al. (2010) are related to the
consequences of existing research analysis who reported
comparable results for sodium content in wheat flour. The
potassium content was ranged from 570 mg.100g” to
976.19 mg.100g". According to the recent analysis,
potassium content in whole wheat flour are found to be
closer enough to research analysis of Niazi (2015) and
Ejaz (2014). The highest calcium content (27.21 mg.100g"
") was found in T, while minimum value (23.09%) was
observed in T,. The effects of existing results of recent
research are in accordance with the outcomes of Hussein
et al. (2013) who reported similar results for calcium
content in wheat flour. The results showed that as the
supplementation of barley flour and functional blend
increased, magnesium content also increased. The results
of present study are in accordance with the findings of
Ejaz et al. (2014) who reported similar magnesium
content in whole wheat flour and similar increase in
mineral content in composite flour (wheat flour
supplemented with oat and barley flour). Highest
managanese content (5.18 mg/100g) was found in Ty while
minimum value (3.8 mg.100g™") was observed in T,. The
findings of Khan (2009) are in agreement with the
consequences of present research analysis. Khan observed
the effect of soy supplementation on manganese content
(mg.100g™) of composite flours. The variation in iron
content is evident with an increase in the supplementation
rate of barley flour, garlic paste and methi leaves. Highest
iron content (4.83 mg.100g") was found in Ty while

minimum value (1.71 mg.100g™") was observed in whole
wheat flour. The outcomes of current study are in
agreement with the conclusions of Arab et al. (2010) who
described similar iron content in whole wheat flour.
Hussein et al. (2013) observed the mineral content of
whole barley flour (WBF) and wheat flour (WF) and found
closer results. The copper content in composite flour was
ranged from 0.31 mg.100g™ to 0.49 mg.100g™.

Copper content was improved by increasing the
supplementation rate of barley flour and functional blend
(methi leaves and garlic paste). The analysis of current
work have interpreted same results that are strongly
supported by work of Hussein et al. (2013). Zinc content
in composite flour was ranged from 2.9 mg.100g™ to 5.42
mg.100g™. The results of present study are in accordance
with the findings of Khan (2009) who reported that zinc
content (mg.100g") increased by increasing the
supplementation of soy composite flour.

The difference in mineral composition was may be
attributed to more mineral content in whole barley flour as
compared to the wheat flour in which bran portion in
removed more easily during milling and minerals or ash
are mainly concentrated in bran portion. While barley
kernel are more hard and it is difficult to separate the bran
portion.

Dietary fiber composition

Mean values for total dietary fiber of different composite
flour and chapattis are presented in table 6. Total dietary
fiber content of composite flour was ranged from 3.1% to
7.7% and it was ranged from 6.04% to 8.21% in composite
flour chapattis. The result showed that maximum total
dietary fiber content was found in treatment which contain
highest amount of barley flour (30%) and highest
percentage of functional blend (6%) while lowest in wheat
flour.

Ragaee et al. (2006) reported the higher composition of
total dietary fiber in barley than sorghum, rye and millet as
compared to the wheat flour. The results of Butt et al.
(2011) were closely related to the findings of present study
who observed higher percentage of total dietary fiber in
composite flour chapattis as compared to control. They
observed that chapattis supplemented with 5% chickpea
and 1% guar gum (CP5% +GG1%), 3% guar gum (GG
3%) and 2% guar gum (GG 2%) have higher composition
of dietary fiber. Results regarding total dietary fiber
content in composite flour and chapattis are in line with
work of Ejaz (2014) who observed the total dietary fiber
composition of barley and oatmeal supplemented
chapattis.

Dietary fiber are not hydrolyzed in GI track because of
absence of particular enzyme but partially hydrolyzed by
microflora in the large intestine and produce short chain
fatty acids. These short chain fatty acids prevent the
cholesterol synthesis so help to reduce heart diseases and
this is the main reason of using barley to reduce several
heart diseases. The reason that why wheat flour chapattis
had relatively low content of total dietary fiber is due to
easy removal of bran or the outer kernel layers form wheat
grain during milling and dietary fiber are mainly
concentrated in bran portion.
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Antioxidant analysis

The data related to mean values for total phenolic content
and DPPH of composite flour are shown in Table 7. The
result showed that higher total phenolic content (0.69 mg
GAE.g") was found in T while minimum value (0.41 mg
GAE.g") was observed in T,. Antioxidant properties of
wheat and composite flours were evaluated on the basis of
measuring scavenging activity for DPPH radicals. DPPH
of composite flour was ranged from 20.95% to 23.82%.
The outcomes of current research work are supported by
the judgements of Elzamzamy (2005). Afzal et al. (2016)
designed the research work to elucidate nutritional and
antioxidant potential of fenugreek seeds. Sharma (2012)
reported antioxidant activity (17 — 24%) in barley flour
that is higher than wheat flour. It ratifies that addition of
barley flour and functional blend in whole wheat flour
enhanced the total phenolic content.

The analysis specifies that rich basis of antioxidants are
cereals especially barley. Before consumption, cereals are
treated with different processing like milling, heat
extraction, cooking, parboiling or other technique and
most researcher found that processing of barley grains
does not remove biologically important compounds and
provide protection against free radical that attack on DNA,
lipids and protein and thought to be an initiating factor for
several chronic diseases (Slavin et al. 2001). Verardo et
al. (2010) used the barley that help to diminish the
oxidation of lipid in bakery foodstuffs. They used barley as
a source of phenolic compounds. So, decrease in peroxide
value and increase in antioxidant activity is evident with
the increase in supplementation rate of barley flour.

The score for acceptability of chapattis of different
treatments ranged from 4.54 to 8.9. The highest
acceptability (8.9) was found in chapattis prepared from
T6 (66% whole wheat flour +30% barley flour +4%
Functional blend) due to best color, finest taste, good
foldingabiity and breakability, followed by Tz, Ts, Ts, Ty,
T4, T, and lowest score (4.54) was found in chapattis
prepared from T;. Tg acquired highest score in overall
acceptability while nutritionally in all other parameters
excerpt sensory Ty scored best. In the present research,
composite flour samples affected the overall acceptability
due the variation in sensory attributes of barley flour,
methi leaves and garlic paste. The outcomes of recent
analysis are compatible with the judgements of Ejaz
(2014). Shahzadi (2004) also established similar overall
acceptability score for wheat-chickpea composite flour.

CONCLUSION

Whole wheat flour supplemented with whole barley flour
is a vital source of fibrous food. To improve the nutritional
status of many food products, there is a requirement to
explore the hidden sources of dietary fiber. In conclusion,
barley flour can be a good option to obtain the nutritional
significance and health expansions of wheat-based
products because scheme that is dependent on diet is an
exact approach as it is cost-effective and measureable to
escape from health hazards. By incorporating barley flour
into popularly consumed wheat-based products such as
chapattis it could help consumers to improve their health.
As wheat products become healthier by incorporating
barley flour, it is expected to see continued and sustainable
growth in barley consumption. So it is concluded that for

the reason of having high fiber and dietary fiber content,
more antioxidants and improved minerals profile as
compared to the wheat flour, barley is considered as a
desired food ingredient. Thus, intake of chapattis made by
selected quantity of composite flours offers an additional
health gains that would be helpful for normal humans to
avoid diseases.
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BACTERIA AND YEASTS ISOLATED FROM DIFFERENT GRAPE VARIETIES

Miroslava Kacaniova, Margarita Terentjeva, Sonia Felsociova, Eva IvaniSova, Simona Kunovad,
Jana Ziarovska, Maciej Kluz, Pawel Hanus, Czeslaw Puchalski, Attila Kantor

ABSTRACT

The aim of this study was to isolate and identify bacteria and yeasts in different grape samples. The samples were collected
in September 2017. Used 13 grape samples in this study (9 white and 4 red) were from the local Slovak winemakers.
Alibernet, Irsai Oliver, Dornfelder, Blue Frankish, Feteasca regala, Green Veltliner, Palava, Miuller Thurgau, Rhinriesling,
Cabernet Savignon, Pinot Blanc, Savignon Blanc and Welschriesling. Two cultivation media were used for detection of
bacteri and yeasts in grape samples. Malt extract agar base (MEA) and Tryptone Soay agar (TSA) were used for the
cultivation of bacteria and yeasts. Cultivation was performed by spread plate method. Ethanol/formic acid extraction
procedure was used for preparation of samples. MALDI-TOF Mass Spectrometer (Microflex LT/SH) (Bruker Daltonics,
Germany) was used for identification of bacteria and yeasts. In total, 8 genera of yeasts, 8 genera of Gram-negative bacteria
and 10 of Gram-positive bacteria were identified. Together 333 isolates, yeasts, Gram-negative and Gram-positive bacteria

were identified.

Keywords: bacteria; yeasts; grape; mass spectrometry

INTRODUCTION

Different physical and chemical parameters of

environment determine the growth of plants in
geographical region (e.g., temperature, humidity,
precipitation, soil nutrient concentrations and solar

radiation) (Drozdz et al., 2015). These factors also have a
significant impact on the biogeography of the bacteria and
fungi in the ecosystems. Studies focused on the bacteria
associated with grapes by directly sampling during the
initial stage of fermentation of the wine must were
underatken (Bokulich et al., 2014; Nedemova et al.,
2016). Although not previously determined, it stands to
reason that the same

The most common bacteria of grapes were Oenococcus
oeni, Leuconostoc mesenteroides, Pediococcus parvulus,
P. pentosaceus, P. damnosus, and different species of
Lactobacillus (L. brevis, L. plantarum, L. fermentum, L.
buchneri, L. hilgardii, and L. trichodes) (Fleet, 2007; Du
Toit et al., 2010). Malolactic fermentation, in addition to
deacidification, contributes the favor characteristics of
wine and has aimpact on microbial stabilization
(Pozo-Bayon et al., 2005).

Previous studies of grapes and grape musts microflora
revealed valuable indigenous yeast strains, which could
serve as the contributors to the regional character of wines
specific to different winemaking regions (Varela and
Borneman, 2016; Raymond Eder et al., 2017).

Non-Saccharomyces were the predominant yeast species
isolated at the early stages of the spontancous fermentation
of Vitis vinifera L. grape musts (Padilla et al., 2016).
Among these, Hanseniaspora, Candida, Pichia, and
Metschnikowia were the most important genera (Jolly et
al., 2013; Varela and Borneman, 2016). The population
of non-Saccharomyces species decreases in fermentation
processes and the wine yeast Saccharomyces cerevisiae
completes the fermentation (Albergaria and Arneborg,
2016). The ability of S. cerevisiae to replace non-
Saccharomyces species is associated with its higher
fermentative power, alcohol tolerance and secretion of
killer-like compounds (Albergaria and Arneborg, 2016).
Previous studies provide an overview on yeast microbiota
of Vitis vinifera L. grape musts (Padilla et al., 2016), but
still is less known about the microorganisms present on
grapes from other species of Vitis. The potential existence
of various grapevine and microbial species communities is
an aim of research interest (Wolfe and Dutton, 2015).

A rapid and high-throughput identification method based
on matrix-assisted laser desorption/ionization time-of-
flight mass spectrometry (MALDI-TOF MS) has been
introduced in bacterial taxonomy and in yeast and mold
identification (Pan et al. 2011; Hendrickx et al. 2011).
MALDI-TOF MS idenfification is bases on measuring
complex mixtures of proteins showing a unique fingerprint
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for each species. Basically the ribosomal proteins, which
are expressed at high level, the phenotypic technique is
less influenced by expression variability (Wieser et al.
2012). ,Nowaday, MALDI-TOF became an important
method for microorganism identification.

The aim of our study was to find bacteria and yeasts from
the surface of grape berries and identify them by MALDI-
TOF Mass Spectrometry.

Scientific hypothesis

The scientic hypothesis of this study was that the surfaces
of different grape beries were contaminated with different
bacterial and yeasts species, which could be found and
identified with mass spectrometry.

MATERIAL AND METHODOLOGY
Grape collection samples

In total, 13 grape samples were used in experiment. Ripe
grape bunches were collected into sterile polyethylene
bags and transported to laboratory for microbiological
analysis. The grape samples were collected from the
Lesser Carpathian wine region. The grape samples of
following varieties were investigated: Alibernet, Irsai
Oliver, Dornfelder, Blue Frankish, Fateasca reagla, Griiner
Veltliner, Palava, Miller Thurgau, Rheinriesling, Cabernet
Savignon, Pinot Blanc, Savignon Blanc and
Welschriesling. One sample consisted from one grape.

Microbiological analyses of grape berries samples

Five grams of berries from each grape variety were
diluted with 45 ml of sterile physiological saline (0.85%).
Berries were stirred on a horizontal shaker for 30 minutes.
After that, the dilutions of 10 and 10~ were prepared for
cultivation with spread plate method. A 0.1 ml of each
dilution (107, 10”) was placed on the surface of a solid
cultivation medium. Bacteria were cultivated on Plate
count agar (PCA) (Oxoid, UK), yeasts on Malt extract
agar base (MEA) (Oxoid, UK) supplemented with
bromocresol green (0.020 g.L™") (Centralchem®, Slovakia).
Bacteria were cultivated at 37 °C for 24 — 48 h in aerobic
condition, but yeasts at 25 °C for five days in aerobic
conditions.  Growing colonies with  macroscopic
morphological differences were recultivated on TSA
(Tryptic Soya agar, Oxoid®). Inoculated plates were
cultivated at 30 °C for 48 h (TSA). After cultivation, the
proteins were extracted from fresh bacterial colonies.
Sample preparation and MALDI-TOF MS
measurement

One colony of each bacterial and yeast isolate was
transferred into an Eppendorf vial and mixed with 300 pL
of sterile water. After addition of ethanol (900 uL), the
suspension was mixed and centrifuged (13 000 g, 2 min).
After removal of supernatant, the pellets were dried at
room temperature at least for 5 min. The bacterial and
yeast pellets were resuspended in 20 — 50 pL of formic
acid (70 %) and the same amount of acetonitrile. After
centrifugation (2 min at 13 000 g), a I pL of supernatant
was spotted onto a sample position of a polished steel
MALDI target plate and dried at room temperature. A 1

pL  of MALDI matrix (solution of a-cyano-4-
hydroxycinnamic acid (HCCA) in 50 % acetonitrile/2.5 %
trifluoro-acetic acid) was added to the spot and dried.

The MALDI target plate was introduced into the MALDI-
TOF mass spectrometer for automated measurement and
data interpretation. MALDI-TOF profile mass spectra
were imported into the MALDI Biotyper 3.0 software and
processed automatically after measurement. The logarithm
of the score (log[score]) was displayed as the matching
result. The MALDI Biotyper output was a log(score)
between 0 and 3.0, which was calculated from a
comparison of the peak list from an unknown isolate with
the reference MSP in the database. A log(score) >1.7
indicated identification at the genus level, log(score) >2.0
was set as the threshold for a match at the species level.
Isolates with >2.0 were accepted as a correct identification.

RESULTS AND DISCUSSION

From the surface of grape berries a total of 33 species of
18 bacterial genera (8 Gram negative G~ and 10 Gram
positive G) and 10 species of yeasts belonging to 8 genera
were identified with MALDI-TOF Mass Spectrometry.
From a total of 333 isolates, the percentage representation
of each microbial group (G', G' and yeasts) reached the
following values: 69 isolates of G- (20.72%), 105 isolates
of G" (31.53%), and 159 isolates of yeasts (47.74%). Table
1 shows that the most common microorganisms isolated
from grapes were yeasts. The highest number of yeast
species were identified from grape varieties Irsai Oliver
(10.06%), Palava, Pinot Blanc and Rheinriesling (9.43%).
Yeast and bacteria were isolated from each grape variety.
Bacterial species were identified in highest counts. The
number of species of the three main groups of
microorganisms in different grape varieties are given in
Table 1.

Yeasts and bacterial genera were identified by MALDI-
TOF. Percentages of the number of isolates of each genus
are shown in Figure 1 for yeasts, in Figure 2 for G and in
Figure 3 for G'. The most abundant G~ bacterium was
Stenotrophomonas maltophilia and Ignatzschineria indica.
Within 22 different species of G* bacteria, the highest
percentage representation (of isolates) was found for
Bacillus  endophyticus, Paenibacillus  glucanolyticus,
Paenibacillus  lautus and  Staphylococcus  succinus.
Rhodotorula mucilaginosa was the most abundant among
of yeasts.

Kantor et al. (2017) found in 19 Slovak grape samples
11 genera of G, 11 of G" bacteria and nine of yeasts.
Among 200 isolates, G', G* bacteria and yeasts represented
11%, 27% and 62% of the total number of isolates studied.
The most common genera of isolated yeasts were
Hanseniaspora (37%), Metschnikowia (31%), and
Rhodotorula (10%). The most frequently isolated among
G~ bacteria were Acinetobacter (22%), Pseudomonas
(22%) and Sphingomonas (13%). The most common
genera of G* bacteria were Bacillus (20%), Lactobacillus
(19%), Leuconostoc and  Staphylococcus  (11%),
respectively. In our study, from 333 isolates both different
and similar species of microorganisms to Kantor et al.
(2017) results were identified.
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Similar results were decribed in research of Kantor et al.
(2016), where the microorganisms in similar grape wine
varieties were studied. The most dominant species was
Saccharomyces cerevisiae isolated from all 15 new wine
samples, that was a very good wine quality indicator. With
mass spectrometry, were identified seven different S.
cerevisiae strains. The second most common species was
Kloeckera apiculata (Hanseniaspora uvarum) found in
seven new wine samples (2 strains). They also identified
other non — Saccharomyces yeasts such as Metschnikowia
pulcherrima (1 strain), Pichia occidentalis (1 strain) and
Pichia kluyveri (1 strain).

Lactic acid bacteria are a minor part of grape microbiota.
They are the typical microorganisms of malolactic
fermentation and they representatives, including
Oenococcus oeni, has been seldom isolated from grapes in
the vineyard. Enterobacter spp., Enterococcus spp.,
Bacillus  spp., Burkholderia spp., Serratia spp.,
Staphylococcus spp. are widely distributed in the
environment and are among others have been isolated from

Table 1 Microorganismus in different grape berries.

grapes, while a wine sanot suitable substrat for their
growth (Barata et al., 2012).

The community of microorganisms found by Renouf et

al. (2007) was complex and diverse. It could be divided
into 3 groups: 1) species without fermentation ability, e.g.
Auresbasidium and Burkholderia, previously had not been
isolated from wine; 2) species with some fermentation
ability, e.g. Lactobacillus, Pichia, Candida,
Metschnikowia, which could act during the first stages of
winemaking; and 3) species that are the main fermentation
microorganisms Saccharomyces  cerevisiae  and
Oenococcus oeni.
Kantor and Kadaniova (2015) identified 12 yeasts and 30
species of bacteria species by MALDI TOF MS Biotyper.
The dominant genera of microorganisms were Bacillus,
Candida, Lactobacillus, Staphylococcus and
Aureobasidium. They also identified 4 different strains of
Saccharomyces cerevisiae (Kantor and Kacaniova,
2015).

Gram negative

Grape variety Gram positive bacteria bacteria Yeasts Total
Alibernet 8 3 5 16
Blue Frankish 12 2 12 26
Cabernet Savignon 3 5 10 18
Dornfelder 5 6 12 23
Feteasca regala 7 5 12 12
Green Veltliner 8 4 12 12
Irsai Oliver 11 8 16 35
Miller Thurgau 6 5 13 24
Pélava 7 15 15
Pinot Blanc 9 15 33
Savignon Blanc 12 5 12 29
Rheinriesling 10 7 15 32
Welschriesling 6 3 10 19
Total 105 69 158 333
Table 2 Number of isolates identified with maldi tof ms biotyper in grape.

Microorganisms White grape Red grape Total
Candida magnoliae 5 4 9
Candida parapsilosis 5 5 10
Hanseniaspora uvarum 8 7 15
Issatchenkia orientalis 4 5 9
Kazachstania exigua 7 6 13
Kluyveromyces marxianus 12 7 19
Metschnikowia pulcherrima 15 5 20
Rhodotorula glutinis 10 8 18
Rhodotorula mucilaginosa 15 7 22
Yarrowia lipolytica 18 6 24
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Table 2 (continue)
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Figure 7 Spectrum of G* bacteria Paenibacillus lautus identified with MALDI TOF mass spectrometry.

CONCLUSION

Microbiological analysis of 13 grape samples revealed
the three main groups of microorganisms:11 species of G~
and 22 species of G" bacteria and 10 species of yeasts. In
total, 333 isolates were analysed by MALDI-TOF. From
white grapes 204 microbial species and 129 from blue
grape varieties were isolates, among which the yeasts,
representing 47.74% of the all isolates, were the most
abundant group.
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Impact of somatic cell count and lameness on the production and
composition of ewe’s milk

gtefan Baranovié, Viadimir Tancin, Kristina TvaroZkova, Michal Uhrincat’,
Lucia Macuhova, Jozef Palkovi¢

ABSTRACT

High somatic cell count (SCC) in milk and lameness are two very serious problems on the farms. The aim of the study was
to evaluate the impact of lameness, SCC, month and order of entry into the milking parlour on the milk production and its
composition. The relationship between lameness and SCC and their impact on the order of entry was also evaluated. The
experiment was carried out at the farm, located in northern Slovakia. The farm keeps sheep crossbred of Improved
Valachian and Lacaune. Milking was performed two times a day in milking parlor 1x24. Samples of milk were taken once
a month by evening milking: May, July. In May, individual milk samples were taken from 214 random sampling ewes with
milk yield minimum 300 mL per milking. In July, only from selected ewes in May, the milk samples, milk yield and
lameness were recorded. Order of ewes entry into the milking parlour in milking row (one milking row is 24 animals) was
recorded in both months. In total 23 milking rows were recorded. Ewes was divided by lameness (non-lame, slightly lame,
strong lame), by SCC (A1 = to 2x10° cells, A2 = from 2x10° to 4x10° cells, A3 = from 4x10° to 7x10° cells, A4 = from
7x10° to 10x10° cells, A5 = over 10x10° cells.mL") and by the order of entry of ewes into the milking parlour (in first
group of ewes were milked in 1-5 rows, second 6-11, third 12-17, fourth 18-23 ones). No effect of lameness was found out
on milk yield. Lameness in July affected the order of entry into milking parlour in July as compared with their order of
entry recorded in May. The strong lame ewes entered 4.19 *1.07 milking rows later in July than in May. Only 11.2% and
4.2% of milk samples were found out in a group with SCC >10x10° cells.mL" during May and July respectively. In both
months, the production of lactose was lower in groups with higher SCC. Ewes entering into the milking parlour earlier had
higher SCC as ewes entering into milking parlour later in July but no effect was seen in May. In conclusion the studies
under practical conditions deserve continuous research attention to identify risk factors of management affecting lameness
and udder health for further improvement of sheep breeding.

Keywords: ewes; lameness; somatic cell count; order of entry

INTRODUCTION

Mastitis is inflammatory disease of mammary gland,
which is mainly presented as high somatic cell count in
milk (SCC) (Gonzalo et al., 2002). SCC is influenced by
various factors such as age, stage of lactation (Sitkowska,
2008) and also depends on the infectious factor
(Ariznabarreta et al., 2002). Several works have been
published which presented a negative correlation between
SCC and milk production in ewes (Arias et al., 2012;
Gonzalo et al., 2002) and cows (Tanc¢in et al., 2007).

Lameness is considered one of the most important health
problems in sheep (Eze, 2002). Gelasakis et al. (2010)
found out the negative impact of hoof disease (the most
common cause of lameness) on the milk yield.

The order of entry into the milking parlor is also
important factor which could be related to ewe’s (Villagra
et al., 2007; Antonic et al., 2011), cow’s (Rathore, 1982;

Stefanowska et al., 2000) and goat’s production (Gorecki
and Wojtowski, 2004). The order of entry into the
milking parlor is influenced by many factors: lactation
number (Antoni¢ et al., 2011), dominance and the weight
of the animals (Margetinova et al., 2003) which also may
affect the milk production. Therefore, it appears that the
order of entry into the parlor affects the milk yield, milk
components (Margetinova et al., 2001) and milkability
and the quantity of machine stripping, hand stripping and
volume of residual milk (Villagra et al., 2007).

The research studies related to the possible negative
effect of high level of SCC and lameness have of great
importance by improving of production and animal
welfare. The aim of the study was to evaluate the impact of
lameness and somatic cell count and order of entry into the
milking parlour on the milk production and its
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composition. The relationship between lameness and SCC
and their impact on the order of entry were also examined.
Scientific hypothesis

Lameness and high SCC in milk reduce milk yield and
affect its composition.

MATERIAL AND METHODOLOGY

The experiment was carried at the farm located in
northern Slovakia in year 2015. The farm kept sheep
crossbred Improved Valachian and Lacaune. 85% of
experimental ewes were on their first to fourth lactations.
Ewes were housed on deep litter and they grazed on
adjacent pastures during the day. The main components of
feed were pasture (ad libitum) and feed concentrate during
milking (200 g/per animal per day). Milking was
performed two times a day in milking parlor 1x24.
Lambing began in the middle February and lasted until the
middle of March.

Samples of milk were taken once a month during evening
milking in May, and July (MONTH). In May, individual
milk samples were taken from 214 random sampled ewes
with milk yield minimum 300 mL per milking. In July,
only from selected ewes in May, the milk samples, milk
yield and lameness were recorded. Order of ewes entry
into the milking parlour as milking row (one milking row
is 24 animals) was recorded in both months. In total 23
milking rows were recorded. Analysis of milk samples
(428 in total) for somatic cell count and a basic component
has been performed in NPPC-Research Institute for
Animal Production in Nitra. Basic milk composition was
done by MilkoScan FT 120 (FOSS, Denmark) and somatic
cell count was determined using a Somacount 150
(Bentley Czech, USA).

Lameness was evaluated according to modified scale
according Kaler et al. (2009). All lameness ewes
(LAMENESS) were evaluated during entering the milking
parlour and standing during milking. The ewes that lamed
during the entering into milking parlour and those been
lifted (lighten) their limbs during milking were marked as
“strong lame” ewes. Ewes that lamed during entering into
milking parlour but did not lift their limbs during milking
were marked as “slightly lame”. Ewes that neither did not
lame during the entering into milking parlour nor did not
lift their limbs during milking were marked as “non-lame”.
On the basis of individual SCC in milk, the ewes were
divided into five SCC groups (SOMATIC). The first group
(A1) represented ewes with SCC below 2x10° cells, the
second (A2) from 2x10° to 4x10° cells, the third (A3) from
4x10° to 7x10° cells, fourth (A4) from 7x10° to 10x10°
cells and the fifth one (AS) over 10x10° cells per mL of
milk. The logarithm of SCC (loglox.mL'l) have been used
for the statistical processing.

The value ,,order of entry” into the milking parlor was
considered as number of milking row order, in which ewes
was milking. Altogether 23 rows were recorded. On the
base of number of row, four groups of entries (ORDER)
were created: the first five milking rows (1-5) marked as
,first" entry, milking rows from 6 to 11 ,,second" entry,
from 12 to 17 ,,third” entry and from 18 to 23 ,,fourth"
entry. The value ,,change of the entry" represent the
difference between number of row in May and the number
of row in July.

Statisic analysis

The milk yield per milking (mL), fat (%), protein (%),
lactose (%), non-fat dry matter - NFDM (%) and total
solids (%) and logarithm of somatic cell count
(logio x mL"') was evaluated. The results were
mathematically processed using the Microsoft Excel
program and statistically evaluated by SAS/9.4 (2014). It
was used paired t-test when comparing differences
variables in two groups (the difference in milk yield or
milk components in milk between two months). It was
used analysis of variance and within Fisher's LSD test,
when comparing more than two groups (the difference in
milk yield or milk components in groups by lameness,
SCC, the order of entry of ewes into the milking parlour).
Used statistical model can be written in the following
form:
Yik =K + SOMATIC+ LAMENESSJ + ORDERy + u, +€jjk
Vi = p+ SOMATIC; /MONTHY/ + u, +€j
yu = 1+ ORDERy /MONTHY/ + u, +¢;
yijk = the measurements for milk yield and composition
p = overall mean,
SOMATIC; = the fixed effects of SCC classes (i =1 to 5),
LAMENESS; = the fixed effect of lameness (j = 1 to 3),
ORDER; = the fixed effect of order of entry (k = 1 to 4),
MONTH,; = the fixed effect of month (1 =1 and 2)
1, = random effect of ewes, u, ~ N(0, I ccz),
ejjk = random error, assuming €;j ~ N(0, I 032).

RESULTS AND DISCUSSION

The months of study significantly influenced all
measured traits (Table 1). The changes of milk
components and milk yield were caused by numbers of
lactating days as it is well documented in literature (Assan,
2015; Komprej et al.,, 2012; Oravcova et al., 2015;
Peralta-Lailson et al., 2005; Tancin et al., 2011; 2013).

In our trial the SCC reduced from May to July. Under
practical conditions with Tsigai ewes Vrskova et al.
(2015) did not found out significant effect of season on
SCC. Reduction of SCC from May to July could be
probably explained by reducing milk yield creating thus
more effective immune function of mammary gland.

Statistical significance of factors as lameness, SCC and
the order of entry into the milking parlour on the evaluated
trials are shown in Table 2.

Table 1 The effect of months on observed trials (n = 214).

May July
Trail Mean SD Mean SD
Milk yield (mL) 558 173 349" 143
logSCC (log x.mL") 549" 047 481 0.63
Fat (%) 583" 097 888 1.02
Protein (%) 590° 050  6.47° 0.52
Lactose (%) 517 020  4.86° 0.19
NEDM (%) 11.97° 048 1226 0.52
Total solid (%) 17.54* 1.05 20.87°  1.52

Note: a,b — means with different letters are significant
(p <0.0001), SD - standard deviation.
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Table 2 Statistical significance (P value) of lameness, SCC and the order of entry in the milking parlour on the

evaluated trials.

Lameness SCC Order of entry
Trials May July May July May July
Milk yield (mL) 0.7367 0.2881 0.5502 0.0105 0.1477 0.4477
logSCC (log x.mL™) 0.0699 0.6412 X X 0.0127 <.0001
Fat (%) 0.0575 0.2184 0.3768 0.3874 0.0074 0.1572
Protein (%) 0.6324 0.4459 0.0165 0.0260 0.2026 0.0997
Lactose (%) 0.7415 0.2038 0.0006 <.0001 0.1454 0.1867
NFDM (%) 0.5563 0.4348 0.0029 0.0070 0.6778 0.1673
Total solid (%) 0.1361 0.3672 0.1373 0.2103 0.0126 0.2748
Change of entry (milking rows) X 0.0345 X 0.7927 X X

Lameness production of lactose was lower in groups with higher

In July, 12.15% slightly lame ewes and 8.41% strong
lame ewes were recorded. Lower incidence of lameness
was found out by Gelasakis et al. (2015) on two farms
keeping breed Chios (12.4%, respectively. 16.8% -
regardless of the degree of lameness), Gavojdian et al.
(2015) by breed Tsigaia dorper (2.9% respectively. 8%),
and in large long-term studies Winter et al. (2015) (4.9%
to 10.6%).

Milk yield, SCC and milk composition were not affected
by lameness of ewes (Table 2) therefore the data are not
shown. However, a lower milk yield compared with non-
lame ewes in study Gelasakis et al. (2015) was found out.
There is limited information about relationship between
lameness and milk composition in ewes. In dairy cows’
positive correlation (Peeler et al., 1994), negative
correlation (Archer et al., 2011) or as well as in our study
with ewes no effect was detected (Hultgren et al., 2004)
between lameness and SCC.

Lameness significantly reduced the order of entry of
ewes into parlour (Table 2). The same ewes when they
were lame in July entered into the parlour later in July than
in May. Slightly lame ewes in July entered the parlour
2.87 #1.03 milking rows later and strong lame ewes even
4.19 #1.07 milking rows later in July than in May.
Also non-lame ewes in July entered the parlour later in
July than in May but only about 1.14 +0.42 milking rows.
Later entry of lame ewes into the milking parlour was
probably due to the unwillingness of lame ewes to walk.
Therefore, the high attention of farmers should be given to
last entering groups if the one of the reasons could be
caused by lameness.

SCC

There was only slow reduction of milk yield with
increasing SCC in May. The significant negative effect of
SCC on milk production was found out in July only (Table
2), but statistical differences were demonstrated due to low
number of animals in the last three groups in July.
Similarly, a tendency to lower milk production by a higher
SCC was found out in several works (Antoni¢ et al., 2013;
Arias et al., 2012; Gonzalo et al., 2002; Leitner et al.,
2008; Margetin et al., 1996; Vrskova et al., 2015).
Production of lactose was influenced by SCC in the month
May and July (Table 2 and Table 3). In both months, the

SCC. The same significant impact of SCC on lactose was
also found out by De Olives et al. (2013), Caboni et al.
(2017), Margetin et al. (2013) and Vrskova et al. (2015).
Protein and NFDM has been affected by somatic cell count
in May and in July (Table 2) but these significant effects
were not clearly related to the SCC groups (Table 3). The
fat content and total solid were not affected by SCC
(Table 2).

The frequency of distribution of milk samples in different
SCC groups are followed: in May 38.3% ewes were
included in group Al, 29.4% ewes in group A2, 15.4%
ewes in group A3, 5.6% ewes in group A4 and 11.2% ones
in group AS. In July, the distribution among the SCC
groups was follow: Al = 80.4%, A2 = 7.5%, A3 = 3.7%,
Ad = 42%, AS = 4.2% of ewes. Berthelot et al. (2006)
reported healthy ewes with SCC below 0.5x10° cells and
infected udders with SCC higher than 1x10° cells.mL™".
Arias et al. (2012) have recommended the limit value of
0.3x10° cells.mL™" in determining relationship of SCC to
milk production. In our results high number of ewes in Al
(below 2x10° cells.mL™") and low number of animals in
group A5 (over 10x10° cells.mL™") indicating a good udder
health of experimental animals in both months. Idriss et
al. (2015), recorded a higher incidence of ewes in a group
with SCC >10x10° cells.mL" cellsxmL" during May
(15.83%) compared to July (11.45%) in experimental farm
of our Institute. Under Slovak conditions a similar
distribution of milk samples differed by SCC within the
flock was found out also in other farms (Baranovic et al.,
2016). This distribution of samples among SCC groups
explains the reduced SCC in July as compared with May
(Table 1).

The order of entry of ewes into the milking parlour

The number of observed ewes entering the parlour in
different groups is shown in table 4 with possible effect of
months of trial.

In May, higher logSCC was in the first two groups (first,
second) in compare with third group. In July higher
logSCC was in the first two groups (first, second) and
lower in the latter two groups (third, fourth) (Table 2 and
Table 4).
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Table 3 Evaluated trials (milk yield, fat, protein, lactose, NFDM and total solid) in different groups of SCC.

Month: May — SCC groups

Al (n=82) A2 (n=63) A3 (n=33) Ad (n=12) A5 (n=24)
Trials Mean SD Mean SD Mean SD Mean SD Mean SD
Milk yield (mL) 583 184 549 169 536 175 548 193 530 132
Fat (%) 5.71 0.929 5.93 0.865 5.72 0.830 6.14 0.833 5.93 1.455
Protein (%) 5.82% 0.446 5.85% 0.554 6.15° 0.475 6.06 0.471 5.93 0.496
Lactose (%) 5.19° 0.181 5.20° 0.166 5.19° 0.165 5.14*  0.197 5.00° 0.322
NFDM (%) 11.88*  0.444 11.98* 0.475 1223 0446  12.10  0.592 11.83*  0.432
Total solid (%) 17.34 1.012 17.64 0.957 17.68 0.911 17.95 0.826 17.52 1.529

Month: July — SCC groups

Al (n=172) A2 (n=16) A3 (n=38) Ad(n=9) AS(n=9)
Trials Mean SD Mean SD Mean SD Mean SD Mean SD
Milk yield (mL) 351 143 378 191 270 53 287 93 377 109
Fat (%) 8.91 1.017 8.95 1.043 8.22 0.896 9.07 1.36 8.7 0.803
Protein (%) 6.50* 0.539 6.22° 0.387 6.27 0.229 6.69°  0.623 6.27 0.344
Lactose (%) 488"  0.173 490"  0.197 469" 0226 467" 0184 472  0.261
NFDM (%) 12.32° 0.52 12.03° 0.41 11.86°  0.373 12.31 0.637 11.91°  0.401
Total solid (%) 20.95° 1.549 20.67 1.265 19.83° 1.108 21.1 1.746 20.33 1.004

Note: a, b — means with different letters are significant (p <0.05); SD — standard deviation.

Table 4 Evaluate trials (milk yield, logSCC, fat, protein, lactose, NFDM and total solid) in different groups by the
order of entry of ewes into the milking parlour

Order of entry into parlour — May

first (n = 65)

second (n = 68)

third (n =71)

fourth (n = 10)

Trials Mean SD Mean SD Mean SD Mean SD
Milk yield (mL) 590 188 561 158 536 178 482 98
logSCC (log x.mL™) 5.52% 0.439 5.59* 0.492 5.34 0.446 5.53 0.555
Fat (%) 5.57* 0.895 6.12° 1.044 5.83 0.901 5.52 0.825
Protein (%) 5.78* 0.615 5.93 0.39 5.98" 0.495 5.99 0.236
Lactose (%) 5.22% 0.219 5.14° 0.208 5.15 0.189 5.15 0.126
NFDM (%) 11.93 0.547 11.96 0.401 12.01 0.499 12.02 0.187
Total solid (%) 17.23* 1.003 17.81° 1.129 17.59° 0.976 17.29 0.81

Order of entry into parlour — July

first (n = 53)

second (n = 66)

third (n = 51)

fourth (n = 44)

Trials Mean SD Mean SD Mean SD Mean SD
Milk yield (mL) 362 131 341 158 365 133 324 144
logSCC (log x.mL™") 5.11° 0.528 491° 0.489 4.60° 0.638 4.56" 0.732
Fat (%) 8.87 0.96 8.93 0.964 8.64° 1.071 9.11° 1.098
Protein (%) 6.32* 0.493 6.54° 0.567 6.47 0.478 6.53" 0.526
Lact. (%) 4.89* 0.206 4.87 0.165 4.85 0.179 4.81° 0.214
NFDM (%) 12.13° 0.555 12.35° 0.558 12.26 0.453 12.29 0.484
Total solid (%) 20.79 2.057 20.97 1.243 20.6 1.294 21.1 1.344
Note: a, b — means with different letters are significant (p <0.05); SD — standard deviation.
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Lower SCC in ewes entering into the milking parlour in
second half may be due to the lower age of these animals
(Antoni¢ et al., 2011) because young ewes have lower
SCC (Baranovi€ et al., 2016). Villagra et al. (2007) and
Antoni¢ et al. (2011) did not record the influence of order
of entry into the parlor on SCC. In the study with the dairy
cows, animals entering in the milking parlour as the first
had lower SCC in compare with last groups (Rathore,
1982).

In May, a significant effect the order of entry into the
milking parlour on the fat content and total solids was
found out (Table 2 and Table 4) but changes were not
related to the order of entry. These results are consistent
with the Antoni¢ et al. (2011).

The remaining trials were not affected by entry of ewes
into the milking parlour (Table 2).

CONCLUSION

The high incidence of lame ewes (over 20%) was found
out but no effect on milk yield and its compostion was
calculated. Lameness significantly postponed the entry of
ewes into parlour (p <0.0345). However, on the SCC basis
a relatively good health of udders was found in flock. Only
11.2% and 4.2% of milk samples were found out in a
group with SCC >10x10’ cells.mL" during May and July
respectively. The lactose in milk significantly reduced in
milk with high SCC in both months (p = 0.0006 and
<0.0001, respectively). The studies under practical
conditions deserve research attention to identify risk
factors of management affecting lameness and udder
health for further improvement of sheep breeding.
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RHEOLOGICAL BEHAVIOUR OF CHOCOLATE AT DIFFERENT
TEMPERATURES

Vojtéch Kumbar, Sdrka Nedomovid, Sylvie Ondrusikova, Adam Polcar

ABSTRACT

The rheological behaviour of the chocolate at different temperatures was studied using a concentric cylinder viscometer with
precision small samples adapter, temperature sensor and standard spindle. BIO chocolate (100% organic cocoa) has been
used for the whole types of experiments. At the first, the range of temperature has been chosen 36 °C, 38 °C, 40 °C, 42 °C,
and 44 °C. The shear deformation rate was established from the 0.1 s up to 68 s. Rheological behaviour was non—
Newtonian (plastic) with inconsiderable yield stress in all temperatures. The chocolate unambiguously demonstrated plastic
behaviour and flow curves were fitted by the power law model (Herschel-Bulkley model), Bingham model, and Casson
model with taking into account the coefficient of determination R?. The obtained results of theological behaviour of chocolate
can be best described as Casson fluid. Exactly coefficients of models can be used for modelling of flow velocity, volume
flow, friction factor, Reynolds number, two dimensional and three dimensional velocity profiles and much more for flow in
the real technical elements e.g. pipes, trough, tubes. Finally, temperature dependence of apparent viscosity of chocolate was
also continuously measured in the range from 35 °C up to 62 °C. The apparent viscosity decreased in the temperature range.
This decrease was fitted using power law equation. The knowledge of the plastic flow behaviour of chocolate is very

important, because it is not quite common flow behaviour of foodstuffs.

Keywords: plastic fluid; yield stress; flow model; chocolate; temperature

INTRODUCTION

In the paper (Lap¢ik et al., 2017) states that chocolate is
unique as a food in that fact which is solid at normal room
temperatures however it melts easily in the mouth. Since the
properties of the main fat component, cocoa butter, is
essentially solid at temperatures below 25 °C when it holds
all the solid sugar and cocoa particles together. However,
this fat is almost entirely liquid at body temperature,
enabling the particles to flow past one another, thus the
chocolate becomes a smooth liquid by heating in the mouth.

There are many methods for testing properties of chocolate
e.g. colour and hardness measuring (Machalkova et al.,
2015), in this paper we are focused on rheological
measuring.

Precision knowledge of the rheological properties
of foodstuffs is essential for the product development,
sensory evaluation and design, quality control,
and evaluation of the process equipment. The flow
behaviour of a fluid and semisolid food can be varied from
Newtonian to time dependent non-Newtonian depending on
its origin, composition and structure behaviour (Travni¢ek
et al., 2016; Hlava¢ et al., 2016; Kumbar et al., 2017).
This behaviour is necessary to model. The rigorous
knowledge of rheological behaviour is also very important

for chocolate (Bozkurt and Icier, 2009; Gongalves and da
Silva Lannes, 2010). Especially, the temperature
dependence of flow properties is very important for
processing liquid chocolate as a topping or filling
(Quifiones-Muiioz et al.,, 2011; BoZikova and Hlavac,
2013; Glicerina et al., 2013). Most of the researchers
studied the rheological characteristics of chocolate reported
as non-Newtonian plastic fluid with inconsiderable yield
stress (Acfkar et al., 2015; Cikrikci et al., 2017). Many
papers deals with rheological behaviour blends of cocoa and
supplements (hydrocolloids, milk, butter or other fat) and
used many mathematical models e.g. Casson model,
Windhab model, Carreau model, and Power Law model
(Fernandes et al., 2013; Barbosa et al., 2016; Glicerina
et al., 2016).

Protective effect of cocoa flavonoids on the heart and
blood vessels is declared for longer time, and is associated
with their ability to change the course of many pathological
processes at the development of cardiovascular diseases
(Adriefdjohan et al., 2005; Ding et al., 2006).

There is strong evidence that high cocoa intake lowers
blood pressure, improves vascular endothelial function, and
potentially increases insulin sensitivity (Kozelova et al.,
2014). With increased calories in chocolate consumption,
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further careful risk-benefit analysis is needed to assess
whether consuming cocoa in the form of energy-dense
chocolate products may vyield a net benefit on
cardiovascular risks (Bauer et al., 2011).

Scientific hypothesis

The main hypothesis of this work is to determine
rheological behaviour of the pure chocolate for five
different temperatures. The flow curves will be modeled
using several mathematical models. Herschel-Bulkley
model, Bingham model, and Casson model will be used for
description of chocolate flow behaviour. With these
mathematical models is possible to get value of yield stress.

MATERIAL AND METHODOLOGY

The research was focused on evaluating rheological
behaviour of pure BIO chocolate (100% cocoa) without
lecithin and without traces of milk (Puratos Belcolade,
Belgium). The original chocolate sample was in the form of
chocolate chips. Samples of chocolate were slowly heating
to required temperatures using water bath with a digital
controllable thermostat TC-650 (Brookfield, USA).

Rheological measurements were carried out using the DV-
3P rotary viscometer (Anton Paar, Austria) equipped with a
coaxial cylinder sensor system with precision small samples
adapter, temperature sensor pt100, and standard spindle
TR according to Anton Paar (number 27 according to
Brookfield). The geometry of the measuring device it can
be seen in Kumbar and Dostal (2014).

In the first step flow curves (shear strain rate versus shear
stress) of chocolate were measured in shear strain rate
between 0.1 s™! and 68 s! for five different temperatures
36 °C, 38 °C, 40 °C, 42 °C, and 44 °C, see Table 1.

In the second step temperature dependence of apparent
viscosity of chocolate was measured in the range from
35°Cup to 62 °C.

Statisic analysis

Statistical analysis were carried out using MATLAB®
R2012a with Statistics toolbox (MathWorks, USA) -
analysis of variance (ANOVA) with interaction, testing on
the significance level of p = 0.05.

RESULTS AND DISCUSSION

In this section, it is provided a careful analysis of the
rheological behaviour of pure chocolate in the different
temperatures. Very important is selecting of a suitable
mathematical flow model. As Rao (2014) written, flow
model may be considered to be a mathematical equation that
can describe rheological data, such as shear strain rate
versus shear stress, in a basic shear diagram, and that
provides a convenient and concise manner of describing the
data.

Occasionally, such as for the (apparent) viscosity versus
temperature data, more than one equation may be necessary
to describe the rheological data. In addition to mathematical
convenience, it is important to quantify how magnitudes of
model parameters are affected by state variables, such as
temperature, and the effect of structure or composition of
foods and establish widely applicable relationships that may
be called functional models (Rao, 2014).

Obtained flow curves were modelled using three
mathematical flow models which can possible to get value
of yield stress, see Figure 1.

The first flow model was Herschel-Bulkley model (Konar
et al,, 2015):

T =Ty + Ky", (1

Where 7 is shear stress, 7, is yield stress, K is consistency
index, y is shear strain rate, n is flow index. It is noted here
that the concept of yield stress has been challenged (Barnes
and Walters, 1989) because a fluid may deform minutely
at stress values lower than the yield stress. Nevertheless,
yield stress may be considered to be an engineering reality
and plays an important role in many food products (Rao,
2014). If © < 7, the Herschel-Bulkley fluid behaves as a
solid, otherwise it behaves as a fluid. For n < 1 the fluid is
shear-thinning, whereas for n > 1 the fluid is shear-
thickening. If n = 1 and 7, = 0, this model reduces to the
Newtonian fluid (Kumbar et al., 2015).

The second flow model was Bingham plastic model
(Zzaman et al., 2014):

T = To + 7Y, 2)

Where 7 is shear stress, 7, is yield stress, ng is the
Bingham plastic viscosity, and y is shear strain rate.
Bingham plastic model can be described by straight lines in
terms of shear rate and shear stress, and the former can be
described by two parameters 1 and t,. However, the shear
rate—shear stress data of shear-thinning and shear-
thickening fluids are curves that require more than one
parameter to describe their data. Given that the equation of
a straight line is simple, it is easy to understand attempts
to transform shear rate—shear stress data in to such lines
(Rao, 2014).

The third flow model was Casson model (De Graef et al.,
2011):

VT =1 + /1.7, 3)

Where 7t is shear stress, 7, is yield stress, 7. is the Casson
viscosity, and y is shear strain rate. The Casson model is
a structure-based model that, although was developed for
characterizing printing inks originally, has been used to
characterize a number of food dispersions (Rao, 2014).

The International Office of Cocoa and Chocolate has
adopted the Casson model as the official method for
interpretation of flow data on chocolates. However, it was
suggested that the vane yield stress would be a more reliable
measure of the yield stress of chocolate and cocoa products
(Servais et al., 2004).

The Figure 2 shows flow curves created by Casson model
in five different temperatures of samples. In the Table 2
there are all regression coefficients of three used flow curve
models — Herschel-Bulkley, Bingham, and Casson model.

The temperature dependence of apparent viscosity of pure
chocolate was measured at constant shear strain rate 50 s,
This dependence was fitted using power law model
(Figure 3) according to Alvarez et al. (2006) and Kumbar
and Nedomova (2015):
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Table 1 Values of shear stress of pure chocolate.

Shear strain rate, s

Shear stress, Pa

36 °C 38 °C 40 °C 42 °C 44 °C
0.10 9.13 9.08 8.74 8.40 8.05
0.17 10.08 9.83 9.49 9.08 8.86
0.20 10.45 10.00 9.55 9.26 9.04
0.34 11.61 11.05 10.71 10.30 10.08
0.51 12.78 12.10 11.70 11.22 11.09
0.68 13.80 13.03 12.55 12.17 11.92
0.85 14.72 13.78 13.29 12.79 12.54
1.02 15.44 14.42 13.88 13.39 13.09
1.36 16.86 15.63 15.04 14.49 14.14
1.70 18.06 16.62 15.99 15.32 14.92
2.04 19.10 17.62 16.94 16.25 15.80
3.40 23.13 21.04 20.10 19.19 18.58
4.08 24.71 22.46 21.44 20.49 19.77
6.80 31.24 28.40 27.00 25.66 24.70
10.2 37.66 34.11 32.27 30.53 29.30
17.0 49.96 45.15 42.47 40.09 38.13
20.4 55.22 49.98 46.84 44.10 42.00
34.0 76.87 69.12 64.84 60.93 57.63
51.0 98.89 92.06 86.09 80.68 76.04
68.0 ok ok 106.08 99.14 93.16

Note: *** denotes out of range.
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Figure 1 Comparison of the flow curve models of pure chocolate at the temperature 40 °C.
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Table 2 Regresion coefficients of the flow models.

Herschel-Bulkley model

Bingham model Casson model

Temperature

TO K n RZ TO 778 RZ TO nC RZ
°C Pa Pa-s" — — Pa Pa-s — Pa Pa-s —
36 9.096 5764 0.6973 0.9994 14.23 1.792  0.9774 8549 0.987 0.9991
38 9.339 4.525 0.7359  0.9991 13.17 1.638 09831 7.906 0.899 0.9998
40 9.386 3.939 0.7560 0.9992 13.15 1.438 0.9866 7.679 0.830  0.9998
42 9.053 3.755 0.7506  0.9991 12.67 1340 09851 7.489 0.764  0.9998
44 8.838 3.651 0.7414 09990 12.41 1.254 09847 7.450 0.703  0.9997

Note: R’ denotes coefficients of determination.
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Figure 2 Flow curves (using Casson model) of pure chocolate at five different temperatures.
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Napp = at®, 4

Where 7, is apparent viscosity, 7 is temperature, a and b
are coefficients. The values of coefficients for Eq. (4) are a
=195.6 Pa-s-°C®, b=-1.277, and R’ = 0.9983.

It was found out that all of the calculated regression
coefficients of all used models are statiscticaly significantly
different (p <0.05).

It is evident that apparent viscosity of pure chocolate
decreased with increasing temperature (p <0.05). This
decrease Aguilera et al. (2004) described that chocolate
microstructurally regarded as a particulate medium formed
by an assembly of fat-coated particles. Within this matrix
the liquid fraction of cocoa fat (which increases with
temperature) is likely to move under capillary forces
through interparticle passages and connected pores.
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CONCLUSION

Obtained results demonstrated effect of temperature on the
rheological behaviour of pure chocolate. The significant
yield stress 7, (p <0.05) and plastic behaviour of pure
chocolate were observed and described in the five different
temperatures between 36 °C and 44 °C.

Experimental data was successfully fitted using Herschel-
Bulkley model (R’ ranged from 0.9990 up to 0.9994),
Bingham model (R’ ranged from 0.9774 up to 0.9866), and
Casson model (R’ ranged from 0.9991 up to 0.9998).
The best model for fitted flow curves of chocolate was
chosen Casson model, which also had the best values
of coefficient of determination R’ (average R’ of five
models is 0.99964). At the other hand, Herschel-Bulkley
model gives also very accurate results of pure chocolate
flow curve modelling (average R’ of five models is
0.99916).

Finally, the liquid pure chocolate shows behaviour of
Casson fluid. We can also conclude that apparent viscosity
of pure chocolate decreased with increasing temperature
(p <0.05).
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ADDITION OF RUTIN/QUERCETIN MIXTURE TO SPREADABLE PROCESSED
CHEESE: ANTIOXIDANT AND TEXTURAL CHARACTERISTICS

Libor Cervenka, Tomds Hadjek, Richardos Nikolaos Salek, Michaela Cernikovd, Helena Velichovd,
Frantisek Burika

ABSTRACT

Spreadable processed cheese is a traditional product made from a mixture of cheese, fat, water and emulsifying salts.The
aim of this research was prepared spreadable processed cheese with new functional properties. Spreadable processed
cheese enriched with the mixture (1:1) of rutin and quercetin (1.0 g.100g™") was prepared at two melting temperature (80°C
and 90°C) for three holding times (1, 5 and 10 min). The effect of melting temperature and holding time on the quercetin
and rutin content was assessed using liquid chromatography with UV detection after ultrasonic-assissted extraction to
methanol. The corresponding antioxidant characteristics were determined using spectrophotometric assays for total
phenolics (TPC) and radical scavenging activities DPPH and ABTS. The extraction yield for quercetin varied from 45.8 to
66.4% and from 12.8 to 40.8% for rutin. The level of quercetin significantly descrased with the increase of holding time,
while rutin content has increased with the increase of melting temperature. TPC values ranged from 10.8. to 14.8 mg
GAE-g! in SPC sample enriched with rutin/quercetin mixture, and the increase of melting temperature resulted in the
decrease of TPC values. DPPH and ABTS assays did not reveal any statistically significant pattern using Kruskal-Wallis
ANOVA. The addition of the mixture of flavonoids into the processed cheese significantly reduced the complex modulus
in comparison with the control sample (without flavonoids). This indicate that the structure of enriched SPC sample was
more flexible than those in control processed cheese samples. Both melting temperature and holding time increased the
complex modulus. Spreadable processed cheese are scarcely used as a carrier of flavonoids in scientific researches
probably due to very complex matrices. Our research proved that spreadable processed cheese containing rutin/quercetin
mixture can be used as a functional food.

Keywords: processed cheese; flavonoid; antioxidant; technology; rheometry

INTRODUCTION
Quercetin  (3,5,7-trihydroxy-2-(3,4-dihydroxyphenyl)-
4H-chromen-4-on) and rutin (quercetin-3-rutinoside) are

related compounds. Cheese prepared using various
lipophilic compounds such as retinyl palmitate, o-
tocopherol, CoQ;o (Stratulat et al, 2017) and soy

major dietary flavonoids examined in functional food.
Buckwheat, as a natural source of those substances, is
usually used in preparation of various bakery (Krejzova et
al,, 2017; Lin and Zhou, 2018; Wang et al., 2017) and
pasta products (Cho and Lee, 2015; Jambrec et al.,
2015). Both flavonoids has a potential to be beneficial to
human health. Quercetin and its derivates may act as
antioxidant and anti-inflammatory agents (Lesjak et al.,
2018) when consume in  quercetin-rich  diet.
Pharmacological = potential ~ of  rutin  including
vasoprotective, antidiabetic or neuroprotective effects has
been extensively studied (Rauf et al., 2017). Enrichment
of food with plant extracts or pure chemical substances
was investigated in order to develop new functional food
products. Cheese is one of the promising carrier of health-

phytosterols (Giri et al., 2014) were examined. Phenolics
such as catechin and epigallocatechin were frequently used
as functional ingredients for manufacturing cheese with
enhanced antioxidant properties (Rashidinejad et al.,
2016; Lamothe et. al, 2016; Han et al., 2011). Quercetin
and its inclusion compounds with cyclodextrins were
added to fresh cheese enhancing its nutraceutical
properties (Pereira et al., 2017). However, low-fat cheese
or ripened cheese were assessed in above cited research
papers. Processed cheese spread is scarcely used in
experiments, probably due to the high content of fat and
high temperature of processing. Spreadable processed
cheese are multicomponent mixture comprising of cheese,
fat, water and emulsifying salts. This mixture is stirred and
melted at temperatures ranged from 85°C to 110°C for
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holding times from 1 to 10 minutes. In our recent work,
the content of quercetin in spreadable processed cheese
(SPC) decreased with the increase of holding time but
stable at different melting temperature. On the other hand,
the level of rutin incorporated into the SPC showed
decreasing trend with the increase of melting temperature
(Prikryl et al., 2018). In this research, SPC samples with
mixture of rutin/quercetin was prepared and the effect of
processing condition on the recovery of quercetin and
rutin, antioxidant properties and textural characteristics
was determined.

Scientific hypothesis

Both melting temperature and holding time significantly
affect the level of rutin and quercetin as well as antioxidant
and textural properties of enriched spreadable processed
cheese.

MATERIAL AND METHODOLOGY
All solvent and chemicals were purchased from Sigma-
Aldrich (Prague, Czech Republic).

Processed cheese manufacturing

Processed cheese was manufactured from the following
ingredients per 100g of final product: Eidam cheese
(Kromilk PLC, Kroméfiz, Czech Republic, 8-week
maturity, 50 g), butter (Madeta PLC, Ceské Budgjovice,
Czech Republic, 84 g), water, emulsifying salts (Fosfa
PLC, Breclav, Postornd, Czech Republic, 2.3 g) and the
mixture of quercetin hydrate/rutin hydrate (1.0 g, 1:1,
w/w). The amount of butter and water was adjusted in
order to obtain product with 37 g.100g™" dry matter content
and 50 g.100g™" of fat in dry matter content. Control
sample (without quercetin/rutin mixture) was also
prepared.

The SPC samples were prepared according to Prikryl et
al. (2018) at two melting temperatures (80°C and 90°C)
and three holding times (1, 5 and 10 min).

3.5

2.5

1.5

Concentration (mg/g)

0.5

1
-
T I

The preparation of extracts

SPC samples (1.0 g) was extracted by 10.0 mL of
methanol in ultrasonic bath Sonorex TKS52 (Bandelin
Electronic, Berlin, Germany) for 30 min. After
centrifugation at 1400 x g for 10 min (Vintrum NF400,
Niive, Ankara, Turkey), a clear supernatant was filtered
using 0.45 pm syringe polytetrafluoroethylene membrane
filter (Labicom, Olomouc, Czech Republic).

Determination of antioxidant characteristics

Antioxidant assays

The total phenolic assay (TPC) using Folin-Ciocalteau
reagent was applied according to Santos et al. (2012). The
results were expressed as amount of gallic acid per gram of
SPC sample measured at 765 nm (DU 530, Beckman
Coulter Inc., Brea, CA, USA). The extraction solvent used
instead of SPC sample extract served as a blank.

The DPPH (2,2-diphenyl-1-picrylhydrazil) and ABTS
(2,2"-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid)
radical scavenging assays were performed as described by
Misan et al. (2011). The increase of absorbance was
measured at 515 and 734 nm for DPPH and ABTS radical
scavenging assay, respectively. The scavenging activity
was plotted against various concentration of Trolox (6-
hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic ~ acid)
and expressed as Trolox antioxidant capacity (TEACpppn
and TEACprs) in amount of Trolox per g of SPC sample.

HPLC analysis of quercetin and rutin

Agilent 1100 Series (Agilent Technologies, Santa Clara,
CA, USA) equipped with a quarternary pump, a degasser,
an autosampler, a termostetted column compartment, and
UV-MS detector Agilent 1100 Series LC/MSD Trap SL. A
Gemini 5 pm column (150 x 3.0 mm) was used
(Phenomenex®, Torrance, CA, USA). The gradient flow
rate 0.7 mL/min (formic acid: acetonitrile from 900
mL:100 mL to 500 mL: 500 mL for 0 — 15 min) was
applied. Formic acid (0.21% v/v) was acidifed to pH 3.05.

W Quercetin

Rutin

80/1 80/5 80/10

90/1

90/5 90/10

Figure 1 The effect of melting temperature and holding time (80/1 means 80°C for 1 min, 80/5 means 80°C at 5 min,
etc.) on the quercetin and rutin levels extracted from spreadable processed cheese. Average mean + standard deviation

(n=4).
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The analysis was performed at 40°C and both peaks of
quercetin a rutin were detected at 360 nm. Quantification
was based upon the separation of standard solution of
flavonoids from 1 to 100 pg.mL™" and plotting the peak
area against concentration.

Determination of rheologial properties

A dynamic oscillatory shear rheometer (RheoStress 1,
Haake, Bremen, Germany) with a plate-plate geometry
(diameter 35 mm, gap 1 mm) were used. The complex
modulus (G") at reference frequency 1 Hz was calculated
based on the values uf storage (G”) and loss (G"") moduli:

6 =G+ (6?2

Increasing values of the complex moduli (G*) indicated
rigid consistency of processed cheese and rising gel
strength (Cernikova et al, 2017). All rheological
measurements were done at 20.0°C.

(1)

Statisic analysis

All the measurements were performed in four repetitions
(n = 4) and the average mean with standard deviation (SD)
was calculated. Non-parametric Kruskall-Wallis ANOVA
was used for determination of the effect of melting
temperature and holding time on the content of
quercetin/rutin and antioxidant properties. Spearman
correlation coefficients (r) were calculated in order to find
mutual associations between variables. All the statistical
procedures were done at the probability level of p = 0.05
(Statistica 12, StatSoft CR s.r.o., Prague, Czech Republic).

RESULTS AND DISCUSSION

Rutin and quercetin content in SPC samples

Extraction of flavonoids from solids into alcohols and
aqueous-alcoholic solutions belongs to the frequently used
methods in plant-based material prior to their
determination. As can be see from Figure 1, higher

concentrations (p <0.001) of quercetin were determined in
SPC samples extracted to 100% methanol in comparison
with rutin levels. The extraction yield for quercetin ranged
from 45.8 to 66.4% and from 12.8 to 40.8% for rutin. As
was expected, higher levels of quercetin than rutin was
recovered from SPC samples extracted to methanol. This
is probably due to the higher hydrophobic properties of
quercetin. It should be noted that cheese is a very complex
matrix and various biochemical reaction may occur
between phenolics and cheese proteins as was suggested in
a study of Rashidinejad et al. (2016). The recovery of
green tea catechins from full-fat cheese varied from 3.2 to
29.4% in their experiments. In our previous work (PFikryl
et al.,, 2018), we prove that quercetin and rutin added
separately to the formulation of SPC samples, may
undergo thermal degradation or chemical reaction with the
constituents of cheese during melting. Quercetin was more
sensitive to holding time whereas rutin level decreased
with the increase of melting temperature. In this research,
the level of quercetin significantly descreased with the
increase of holding time (p = 0.013). Kruskal-Wallis
ANOVA procedure revealed that rutin concentration was
influenced by the melting temperature but in the opposite
manner in comparison with our previous research (PFrikryl
et al., 2018); i.e. rutin level was higher in SPC samples
processed at 90°C than 80°C (p = 0.025). Rutin level
usually decreased with the increase of processing
temperature. For instance, Chaaban et al. (2016)
determined the degradation kinetics of rutin in solution at
various temperatures and found that half life time for rutin
has decreased from 19.25 to 1.99 h at 70°C and 90°C,
respectively. Krejzova et al. (2017) found that the amount
of rutin in buckwheat flour and seeds substantially
decreased when thermall treatment exceeded 150°C. On
the other hand, rutin content significantly increased with
the elevated temeparture during baking of Tartary
buckwheat enriched bread (Wang et al., 2017). However,
rutin was released from the cell wall of buckwheat during
baking procedure in this research, which should not be
expected in SPC samples enriched with rutin/queretin. We

16.5 120

14.5 —
= 100 Hbo
bo -
:[j 12.5 3

80 2
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Figure 2 The effect of melting temperature and holding time (80/1 means 80°C for 1 min, 80/5 means 80°C at
5 min, etc.) on antioxidant properties of spreadable processed cheese enriched with quercetin and rutin. Average

mean =+ standard deviation (n = 4).
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may hypothesise that different rheological properties of
processed cheese prepared at 90°C could enhanced the
extraction yield of rutin.

Antioxidant properties of SPC samples

SPC samples enriched with the mixture (1:1) of rutin and
quercetin at 1.0 g/kg exhibited total phenolics content in
the range from 11.9 to 14.8 mg GAE-g"' when melted at
80°C, and from 10.8 to 12.2 mg GAE-g" when melted at
90°C (Figure 2). According to Kruskal-Wallis ANOVA
procedure, increasing melting temperature resulted in
significant decrease of TPC values (p = 0.020). Regarding
the holding time for each temperature treatment, lower
TPC value (11.9 £0.5 mg GAE-g") was obtained after
melting SPC sample at 80°C for 10 min whereas constant
TPC values were determined at 90°C. As can be seen from
Figure 2, antioxidant properties of SPC samples measured
in terms of ABTS assay showed remarkable higher values
(82.5 — 100.5 mg Trolox-g") than those obtained using
DPPH assay (13.2 — 15.5 mg Trolox-g™"). This discrepanse
was maily attributed to the steric hindrance and due to the
different mechanism of radical scavenging (Schaich et al.,
2015). The overall effect of both melting temperature and
holding time on TEACpppy and TEAC,prs values was
negligible (p >0.05) but significantly higher TEACagprs
value (96.4 +6.2 mg Trolox-g"') was observed for SPC
samples melted at 80°C for 10 min than for 1 and 5 min at
the same melting temperature (p <0.01). Correlation
analysis revealed both positive and negative weak but non-
significant associations between variables. The highest one
was for TPC/TEACaprs (r = -0.410, p = 0.186).
Nevertheless, it is interesting that low TPC values was
associated with the high TEAC,prs value at 80°C and 10
min (Figure 2). The same pattern was determined in
tomatoe boiled in water-oil mixture in comparsion with
raw counterparts (Ramirez-Anaya et al., 2015). They
stated that some hydrosoluble comounds without true
antioxidant properties may contribute to the opposite
effect. In addition, irreversible higher oxidation products
of ABTS and milk protein (particularly with thiol groups)
may cause the additional increase of TEACpts (Cekic et
al., 2015).

Rheological properties of SPC samples

The results of the complex modulus G" of processed
cheese with quercetin/rutin (1:1) content at different
melting temperatures and holding times are presented in
Table 2. With the increase of both processing parameters,

G" values increased indicating the formation of denser net
structure (p <0.05). As can be seen from the differences
between control and enriched SPC samples, the addition of
quercetin/rutin - mixture significantly decreased G"
parameters under all the processing conditions (showing
negative values). As the complex modulus G" is related to
the strenght of the intermolecular interaction among
proteins in cheese, our findings confirmed that addition of
quercetin/rutin mixture reduced the protein network. This
is in agreement with the study of He et al. (2018) who
found that the addition of quercetin and rutin decreased the
cohesivness of Tartary buckwheats starch gel. Different
rheological properties of SPC samples manufactured under
different conditions may also influence the extractibility of
both flavonols. For instance, the Young’'s modulus of
elasticity (textural characteristic of seed) showed negative
correlation with the extraction yield for -catechin,
epicatechin and procyanidin B;, but exhibited positive
correlation with epicatechin gallate (Segade et al., 2016).

CONCLUSION
The addition of the mixture of rutin/quercetin to the
processed cheese spread resulted in its enhanced

antioxidant capacity, as was expected. We used rutin and
quercetin in combination as these flavonoids ale likely to
be occure in plant material together. It is evident from the
results that the mixture of rutin and quercetin significantly
decreased viscoelastic properties, i.e. enriched processed
cheese were more flexible than those in control samples.
Increasing melting temperature or holding time increased
the complex modulus thus SPC samples became more
rigid in texture. The effect of processing parameters on the
content of rutin/quercetin and corresponding antioxidant
properties was not so unambiguous. While quercetin level
decreased with the increase of holding time, rutin levels
were affected by melting temperature. However, higher
rutin levels were observed in SPC samples prepared at
higher temperature. This may be attributed to the changes
of consistency and better extractability of rutin, although
no correlation was found between rutin content and
complex modulus G". Based on the results, we may
conclud that scientific hypothesis was not confirmed
regarding the impact of processing technology on the
antioxidant characteristic but is valid for rheologial
properties. Further research is needed to elucidate the
effect of rheologial properties on the extractability of
phenolic substances from processed cheese matrix.

Table 2 The effect of melting temperature and holding time on the complex modulus at the reference frequency 1 Hz

(G, kPa).
Melting Holding time (min)
temperature (°C)
1 5 10

SPC with rutin/quercetin mixture 80 2533 £123% A 6028 £341° A 7465 £375° A
(1:1) 90 3706 £145°B 7585 +424°B 11019 £514°B
Difference from control SPC 80 -910™" =720 -1703"
sample 90 -695" 914" -1019°

Note: Means tstandard deviation (n = 4); significant differences between means for melting temperatures are indicated
by capital letters; the means within a row followed by different superscript letters (p <0.05); the differences from control
SPC samples are statistically significant at ~ <0.05, " <0.01 and * <0.001.
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SQUARE WAVE VOLTAMMETRY AT CARBON PASTE ELECTRODE MODIFIED
WITH SURFACTANT FOR ALPHA TOCOPHERYL ACETATE
DETERMINATION IN COSMETICS

Simona Zabéikovd, Arlinda Nallbani, Milan Sys, Tomas Mikysek, Libor Cervenka

ABSTRACT

The aim of this study was describe electrochemical properties of a carbon paste electrode (CPE) bulk modified with 30%
(w/w) surfactant sodium dodecyl sulphate (CPE/SDS) and demonstrates its application in the determination of a-tocopheryl
acetate (a-TAc), known as vitamin E acetate, in selected cosmetic products, especially body creams. In addition to anionic
SDS, cationic hexadecylpyridinium chloride monohydrate (CPC) was also tested as possible modifier. It was found that
selection of surfactant type and its content significantly affect an electrical conductivity and mechanical stability of these
heterogeneous electroanalytical sensors in pure organic solvents. Under this study, it was found that CPC is a totally
inappropriate mediator due to very high backgroundcurrent. Together with other lipophilic vitamins characterized by
antioxidant activity (dominantly retionoids), this completely synthetic substance is widely used as significant cosmetic
additive due its preservative properties. Monitoring of its content in cosmetic products is usually performed by
high-performance liquid chromatography (HPLC) with UV detection. This standard analytical protocol is always burdened
with the complex and time-consuming preparation of the sample before analysis. For that reason, robust and simple
electroanalytical method based on anodic oxidation of the o-TAc at CPE/SDS by square wave voltammetry (SWYV)
performed in pure organic electrolyte (99.8% acetonitrile containing 0.1 mol-L™" LiClO,) was developed. Moreover, simple
dissolution of sample in supporting electrolyte using ultrasonic bath and subsequent filtering through a stacked filter
included all the necessary procedures for sample preparation. The linear range from 0.1 to 1.2 mmol-L'and limit of
detection 37 pmol-L' were found at pulse amplitude 10 mV and frequency 10 Hz as optimum. In analysis of selected
cosmetics, the developed electroanalytical method was not validated using comparison with standard HPLC. At least, the
recovery was verified by analysis of model sample and value 95.8% was calculated.

Keywords: carbon paste electrode; surfactant; tocopheryl acetate; square wave voltammetry; cosmetics

INTRODUCTION

Vaseline, paraffin  wax, etc.). After the precise

The first description of the carbon paste electrode (CPE)
was recorded in short communicaton (Adams, 1958).
At first, it was thought as a voltammetric alternative to, in
those times a very popular, dropping mercury electrode
(DME) used in polarography. The attempt to construct a
dropping electrode which can be polarized in an area of
positive potentials has not been successful. However, the
CPE has found a wider application in electroanalysis
together with the progression of modern voltammetric
techniques, especially with the development of stripping
analysis (Svancara et al., 2012). From a physical point of
view, CPE is a dispersion of carbon particles
(spectrographic carbon, glassy carbon, pyrolytic carbon,
etc.) in a viscous lipophilic binder (paraffin or silicone oil,

homogenization, the resulting dispersion is pressed into
Teflon cavity of electrode holder. A simple modification
of the carbon paste (by mixing another components, e.g.
mediators in the form of platinum and metal oxide
powders (Labuda et al., 1998), enzymes (Gorton, 1995),
carbon nanoparticles (Punbusayakul, 2012), surfactants
(Digua et al., 1994), etc., can achieve different desired
properties. Carbon paste electrodes modified with the
anionic surfactant sodium dodecyl sulphate (CPE/SDS) or
the cationic surfactant hexadecylpyridinium chloride
monohydrate (CPE/CPC) represent specific sensors which
can be used for voltammetric measurements in pure
organic solvents.

These electrodes can be utilized for sensitive
determination of lipophilic vitamins with antioxidant
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properties and their analogues (most often esters of acetic,
propionic or palmitic acid) in many cosmetic products
(Thiele and Hsieh, 2005; Ramos-e-Silva et al., 2001).
These substances are able to prevent the rancidity. Thus
they function as preservatives and prolong the expiration
date (Sys et al., 2017).

Retinol acetate (vitamin A) and a-tocopherol (vitamin E)
have been already electrochemically studied and several
voltammetric methods focusing on their voltammetric
determination were described (Atuma et al., 1974;
Wilson et al., 2006). Generally, both of these substances
have strong antioxidant properties. In previous studies, it
was found that a-tocopherol provides only one oxidation
peak in a non-aqueous solution (Sys et al., 2016). On the
other hand, retinol acetate provides three oxidation steps
under the same conditions (da Silva et al., 2015).
Fortunately, potential values of these three oxidation peaks
of the retinol acetate are sufficiently distant from the
potential value of a-tocopherol peak. For that reason, the
peaks of retinol acetate and a-tocopherol can be
distinguished well. Nevertheless, it is necessary to mention
that synthetic a-tocopheryl acetate (a-TAc) is more
common additive in the cosmetic products than pure
a-tocopherol due to its higher chemical stability.

This substance is usually determined by standard
high-performance liquid chromatography (HPLC) with
UV or electrochemical detection (Wang and Wang, 2001;
Almeida et al., 2009; Nada et al., 2010). The HPLC with
fluorescence detection has been used for determination of
tocopherol acetate in nutritional supplements (Iwase,
2000), vegitable oils (Yang et al., 2018), dairy products
(Sunari¢ et al, 2017) infant formulas, breakfast cereals,
multivitamin juices, and isotonic beverages (Balz et al.,
1993). The a-TAc is also used as an internal standard in
liquid chromatography for the determination of its
analogues (Hewavitharana et al., 2004). Rodas Mendoza
et al. (2003) applied HPLC on reverse phases to
determinate of retinyl acetate and tocoferyl acetate in
infant formulas.

The aim of this work is presented simple electrochemical
method based on anodic oxidation of a-TAc utilizing the
square wave voltammetry at CPE modified by ionic
surfactant sodium dodecyl sulfate (SDS) performed in a
non-aqueous medium. Except for individual optimization
steps, an electrochemical behaviour of the a-TAc is also
included.

Scientific hypothesis

Sodium dodecyl sulphate represents common surfactant
which is widely used as CPE modifier. Whithin sciethific
hypothesis, it was necessary to verify the fact that anionic
surfactants are better choice than cationic surfactants.
In this case, CPC was used as suitable example. Generally,
organic compounds carry a certain charge depending on
the pH of the medium used. It is known that value of
acetonitrile (ACN) pH decreases with higher content of
water (Barbosa and Sanz-Nebot, 1992). Therefore, it can
be assumed that 99.8% ACN represents weak acidic
medium.

A determination of the electrical charge of a-TAc (ester)
in such a medium can be very difficult because it does not
contain any well dissociating functional groups in its
molecular structure. It should be evident that only one of

this surfactant can be usefull due to electrostatic
interactions.

MATERIAL AND METHODOLOGY
Chemicals and reagents

All the reagents such as a-tocopheryl acetate, acetonitrile
(ACN) suitable for HPLC of purity 99.8 %, and anhydrous
LiClO4 were purchased from Sigma-Aldrich, spol.sr.o.
(Prague, Czech Republic). Spectrographic carbon powder
with a particle size >5 um from Graphite Tyn, s. r. o.
(Tynec nad Vltavou, Czech Republic), paraffin oil (PO)
from Merck (Darmstadt, Germany), and surfactants
sodium dodecyl sulphate (SDS) with cetylpyridinium
chloride (CPC) from mentioned Sigma-Aldrich were used
for preparation appropriate modified CPEs. Other
chemicals were of the required analytical purity.

Electrochemical setup

A three electrode system consisting of modified CPE
(working), Ag/AgCl/3.0 mol-L" KCl (reference) from
Methrom, Prague, Czech Republic, and platinum wire
(counter electrode) connected to Autolab PGSTAT 101
compatible with software Nova 1.11 from the above
company was used for all electrochemical measurements.

Preparation of modified carbon paste electrode

To prevent a demage of the electrode material by
presence of an organic solvent, the CPE has to contain a
sufficient quantity of surfactant (Digua et al., 1994).
In our case, 0.5 g of the carbon powder, 0.2 g of the
paraffin oil and 0.3 g of the SDS were used for the
preparation of working electrode (CPE/SDS). All the
components were homogenized in a ceramic mortar for
20 min. The resulting homogeneous paste was packed into
the Teflon piston holder (2 mm inner diameter). Generally,
fresh electrodes, especially modified ones, should not be
used for any measurement due to their unstable
characteristics. This negative phenomenon is attributed to
the incomplete homogenization of all components.
Therefore, it is recommended to allow the CPE to rest at
laboratory conditions for one day. After this time, the
auto-homogenization process is completed and the
electrode can be used for analysis. It is known that surface
of CPE can be regenerated by renewing and polishing
using wet filter paper before each measurement.
Surprisingly, it was found that this procedure is not
necessary in our case.

Procedure

All experiments were carried out in 0.1 mol-L" LiClO,
in 99.8% ACN as supporting electrolyte. The cyclic
voltammetry (CV) was used for study of o-TAc
electrochemical behaviour at CPE/SDS. Conditions of CV
were as follows: potential range from -0.4 to +1.6 V, scan
rate 50 mV-s”, minimaly 5 repetative cycles. Analysis of
cosmetic products was done by square wave voltammetry
(SWV) with potential window from 0 to +1.6V, at
potential step 5 mV, potential amplitude 10 mV and
frequency 10 Hz. A volume of 10 mL 0.01 mol-L" a-TAc
in pure ACN without content of salt was prepared as stock
solution. Measurement of calibration curve was done by
addition of appropriate volume of this stock solution into
10 mL of supporting electrolyte. All changes in parameters
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of CV or SWV are mentioned in legends under
corresponding figures.

Analysis of cosmetics

Severeal cosmetic products, especially body creams
(hand cream Diamonds and Pearls from Oriflame; Sweden,
refreshing cleansing milk from Nivea; Germany, and
suntan cream with protective factor UVA + UVB 30 from
Astrid Cosmetics; Czech Republic), commonly available
in the Czech stores were selected for analysis. Usually, 5 g
of sample were dissolved in 50 mL volumetric flask using
supporting electrolyte and ultrasonicated for 30 min at
25°C. The resulting sample solution had to be filtered
through a stacked filter. After that 1 mL of resulting
filtrate was added into 9 mL of supporting electrolyte and
analysed by standard addition method (at least three
additions of 200 uL a-TAc stock solution in pure ACN
only). Each sample analysis was minimally three times
repeated (n=3). To verify the accuracy of the results
obtained, the RSD values were compared with calculated
value of significance level o = 0.05.

Generally, body/hand creams can be classified as
complex mixture developed by producers. In a narrower
sense, they represent emulsions of water in several oils
which are completely soluble in used electrolyte. For that
reason, all complicated steps needed in the HPLC as
standard reference method are not necessary.

For the desired rheological properties, they usually
contain many accompanying substances such as glycerin,
caprylic/capric triglyceride, cetyl alcohol, dimethicone,
stearyl alcohol, glyceryl stearate, several emulsifiers etc.
Most of these substances are not electroactive so they
cannot interfere the determination.

Statistic analysis

Aritmetic mean (X) and standard deviation (0) of
minimally five repetitives (N=15), and slop of linear
calibration curve (k) represent data which are necessary for
the calculation of important parameters (limit of detection;
LOD, limit of quantification; LOQ, accuracy, and
correctness) of each developed analytical method. Values
of LOQ and LOD were calculated according to follow
equations LOQ =10c/k and LOD =3c/k, respectively,
where o is the standard deviation of five repetitive
measurements of the concentration for lowest concetration
of calibration curve (MacDougall and Crummett, 1980).

There is necessary to mentioned that only three examples
of body/hand cream were analysed. Due to the low number
of samples (N), standard reference method was not
applied. For that reason, any statistical methods for
comparison of obtained results such as ANOVA or t-test
were not needed. A precision of developed voltammetric
method was validated using recovery (%) of model
sample.

RESULTS AND DISCUSSION
Characterisation of surfactant modified electrodes
Surfactants as SDS and CPC contain a long
non-branched aliphatic chains with 12 or 16 carbons in
their structure, respectively. Therefore, they are well
soluble in lipophilic pasting liquid like PO which behaves
like electric insulators. It was experimentally confirmed
that an increasing content of surfactant caused significant

reduction of carbon paste viscosity (n). Evidently, distance
between each carbon particle increased due to increasing
of pasting liquid volume. The dependency of ohmic
resistance (R) on the content of surfactant in CPE is very
similar to curves contributed to R on the volume of pasting
liquid (Mikysek et al., 2009). Generally, increasing
content of any electric isolant in each electrode material
usually worse electrochemical properties, especially
capacitance current current which is needed to charging of
working electrode.

However, it was found that presence of organic solvents
has much more influence because carbon particles are
more exposed to ACN with decrasing content of
surfactant. It can be stated that modified CPEs with
content of surfactant low than 30 % provided satisfactory
electrochemical properties.

Under repetitive CV of pure 0.1 mol-L"' LiClO, in
99.8% ACN, it was observed that an increasing content of
SDS significantly decreases the current response of base
line. Peak current (/,) of clearly visible reduction peak at
voltage (E,) +1.1 V obtained at CPE with 20% SDS (w/w)
increased with each repetition (not shown). This parasitic
peak is probably attributed to the presence of water (2%;
v/v) in the basic electrolyte. Lower contents of water did
not have any significant effect on shapes of
voltammograms.

Selection of a suitable surfactant

Two different kinds of surfactants were tested, namely
anionic SDS and cationic CPC. Although CPEs modified
by monohydrate of CPC provided better electrical
conductivity (G), extremely high background -current
response has been observed at SWV (not shown). An
explanation can be the isolation of the electrode surface
that is essentially represents a capacitor. For that reason,
the CPC cannot be used as suitable modifier of CPE for
the determination of lipophilic compounds in cosmetic
products. Unlike this, satisfactory base line current
responses (>0.5 pA) at CPEs with 30 and 40% content of
SDS (R from 90 to 100 Q) were observed.

In addition, evidently better plotting of peak shape (more
narrow) was obtained at CPE with 40% SDS than those
with a lower content. Nevertheless, higher content than
30% SDS caused dramatically decreasing of peak current
(sensitivity). For that reason value 30% SDS was chosen
as optimum.

The scientific hypothesis in the previously mentioned
paragraph was confirmed. A surface of CPE/SDS is
evidently negatively charged due to presence of HSOj;
functional group in the chosen weak acidic medium
(99.8% ACN). Unlike this, the a-TAc is a neutral form of
vitamin E (pH 6-8) which has the role of base in the acidic
media and its repulsion from the electrode surface can not
become like in the case of CPE/CPC.

Electrochemical behaviour of a-tocopheryl acetate
Electrochemical behaviour of o-TAc in an organic
medium at CPE/SDS was studied by cyclic voltametry
with potential window from -0.4 to +1.6 V. Only one
oxidation peak at +1.35V (none in reverse scan) was
observed (see Figure 1). Herein, it is necessary to state that
this voltage is only approximate value because exact
determination is quite difficult in the base line escape.
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From chemical point of view, the a-TAc is a synthetic
analogue of a-tocopherol (a-TOH) which is known as the
most biologically active form vitamin E (Sys et al., 2017).
As ester of acetic acid and a-TOH, it lacks a free hydroxy
group in its structure which can be involved in an
electrochemical reaction (Sys et al., 2016). Moreover, the
ester functional group is not electron-rich for anodic
oxidation as the delocalized electron system of benzene
ring. It should be remembered that all tocopherols are
oxidized by radical mechanisms in non-aqueous media
(Wilson et al., 2006). The oxidation of the a-TAc at
CPE/SDS occurs in one electron step and is probably
irreversible. Mikheeva and Anisimova (2007) supposed
that possible formation of the intermediate and its
subsequent chemical conversion to the final products is
proceeded.
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Figure1 CV of 0 (dashed line) and 0.1 mmol-L"
a-tocopheryl acetate at CPE/SDS (solid line) performed in
99.8% ACN containing 0.1 mol-L™' LiClO,4 at 50 mV-s™".

Optimization of square wave voltammetry

At the beginning, it was necessary to find optimum
working conditions of used pulse voltammetric technique.
In the case of the SWV, the sensitivity is affected by two
main parameters, namely potential amplitude (E,ny) and
frequency (f). It is generally known that height of peak
current usually increases with higher values of these
parameters (see Figures 2 and 3). Setting of amplitude
higher than 10 mV and frequency 10 Hz significantly
worsened the shape of corresponding voltammograms and
thus determination their peak heights. For that reason,
these values were chosen as optimum. For demonstration,
typical voltammetric record with corresponding calibration
curve is shown in Figure 4. Thanks to the extremely high
base line current from +1.15V, it was not possible to
achieve lower value of detection limit than 17 mg-L". All
other important analytical parameters together with
comparison with already described electroanalytical
methods are included in the Table 1. It appears that the

developed voltammetric method does not provide such
sensitivity as those based on utilization of glassy carbon
electrode (GCE). From scientific point of view, this paper
represents the first more detailed work where particular
type of CPE was used in the monitoring of a-TAc.
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Figure 2 SWV of 0.2 mmol-L"' a-tocopheryl acetate at
CPE/SDS (solid line) performed in 99.8% ACN containing
0.1 mol-L"! LiClO, at potential amplitudes 5, 10, 15, 20,
25, 30 mV, and frequency 10 Hz.
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Figure 3 SWV of 0.2 mmol-L" a-tocopheryl acetate at
CPE/SDS (solid line) performed in 99.8% ACN containing
0.1 mol-L"" LiClO, at potential amplitude 25 mV,
frequencies 5, 10, 20, 30, 40, and 50 Hz.
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Figure 4 Voltammograms for 0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6,
0.7, 0.8, 0.9, 1.0, 1.2, 1.4, 1.6, 1.8, and 2.0 mmol-L"
a-tocopheryl acetate with corresponding calibration curve
(inserted one) obtained at CPE/SDS. Measured by SWV at
Egep=5mV, Ejpp = 10 mV, and f= 10 Hz.

Analysis of cosmetics products

From chemical point of view, all body/hand creams are
always claasified as complex emulsion which can be
defined as a mixture of oily and watery liquids (the main
componets). Emulsifiers, fragrances, preservatives can be
considered as secondary components (Moravkova and
Filip, 2013). The preparation of samples for
electroanalysis depends on their solubility in organic
solvents.

Within this work, three typical examples of cosmetic
products were selected for analysis by developed
voltammetric method. Herein, it is necessary to mentioned
that presence of the o-TAc in all selected samples is
declared by producers. Unfortunately, its content is not
listed on the products label. It is no wonder that this
information is not known because the exact composition of
body/hand creams is often subject to the production secret.

Generally, content of a-tocopheryl acetate in cosmetics
products usually occurs up to four concentration ranges.
The lowest amount from 0.0001 to 25% (w/w) can be
found in bath products and bath products like shampoos.
Values lower than 0.3% are typical for deodorats, hair
products, and after-shave lotion. In the body/hand creams
from 0.001 to 25%, suntan gels and creams from 0.05 to
1%, makeup liquids, eye shadows, lipticks, and face
powders from 0.02 to 0.8% reperesent common values
(Thiele and Hsieh, 2005).

Common body/hand creams were well soluble in used
supporting electrolyte except of suntan cream, probably
due to high content of nonpolar components. Therefore, it
has to be counted with a certain error of determination.
With respect to analytical method selectivity, it should be
stated that other accompanying substances, especially
esters of all-frans retinol (Tan et al., 2014) may not be
oxidized together with the a-Tac at 1.32 V because

oxidation of retinyl acetate and retinyl palmitate occur at
voltages 0.85 and 1.05 V, respectively. Moreover, their
presence was not declared by the manufacturers.
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Figure 5 Analysis of refreshing cleansing milk from
company Nivea (Germany) by standard addition method.

Figure 5 and Figure 6 show typical voltammograms
obtained during analysis of refreshing cleansing milk using
standard addition method. Three additions 200 uL of
0.0l mol-L"" o-TAc into 10 mL of usually ten times
diluted sample solution were performed. Calculated
contents of a-TAc in creams are shown in Table 2. The
content ranged from 0.5 to 2% for these samples which is
in line with commonly found quantities. Nevertheless, it is
necessary to mention that verification of developed
method was done only by calculation of the recovery
95.8% using analysis of model sample.
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Figure 6 Analysis of hand cream company Oriflame
(Sweden) by standard addition method.
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Table 1 Comparison of conventional voltammetric methods developed for determination of a-tocopheryl acetate.

Sensor Technique Supporting Linear range LOD References
electrolyte (pmol-L'l) (pmol-L'l)
mPtE LSV 0.1 mol-L" NaClO, 90 to 2300 27 (Michalkiewicz et al., 2004)
mPtE DPV 0.1 mol-L" NaClO, 70 to 2200 21 (Michalkiewicz et al., 2004)
mPtE SWVv 0.1 mol-L" NaClO, 60 to 2100 18 (Michalkiewicz et al., 2004)
0.1 mol-L™' NaClO, in ACN — (Mikheeva and Anisimova,
GCE DPV 0.74 2007)
GCE DPV 0.1 mol-L"' BRB (pH 2.8) 0.11 to 8.46 0.03 (Hassan et al., 2008)
CPE/SDS SWV 0.1 mol-L" LiClO, in ACN 100 to 1200 37 (Present work)

ACN; acetonitrile; BRB; Britton-Robinson buffer, CPE/SDS; carbon paste electrode modified by sodium dodecyl sulfate, DPV; differential pulse
voltammetry, GCE; glassy carbon electrode, LSV; linear sweep voltammetry, LOD; limit of detection, mPtE; microdisc platinum electrode, SWV;

square wave voltammetry.

Table 2 Analysis of selected cosmetic products.

Sample Distributor SWV Declared amount Recovery
(g per 100 g) (g per 100 g) (%)
Model — 0.23 +£0.02 0.24 95.8
Refreshing cleansing milk Nivea, Germany 0.56 £0.04 — —
Hand cream Oriflame, Sweden 1.60 £0.08 — —
Suntan cream Astrid, Czech Republic 2.22 +0.14 — —

Note: Values given as arithmetic means with corresponding standard deviations for three analyses. SWV; square wave voltammetry.

CONCLUSION

Herein, it can be concluded that CPE modified by 30%
(w/w) ionic surfactant SDS represents a sophisticated
voltammetric sensor suitable for simple and rapid
determination of vitamin E acetate in cosmetic products.
Unlike very complicated sample preparation in the HPLC
as standard reference method usually consisting many
consecutive steps (saponification, extraction into organic
solvent, and itself separation), only dissolution in the
supporting  electrolyte and  subsequent filtration
represented the all steps necessary in the electroanalysis.
The developed method provides sufficient sensitivity
(LOD =17 mg-L'") for routine analysis of cosmetics
because lipophilic vitamins are present in quantity of units
to tens of milligrams per 100 g of sample.
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GENETIC DIVERSITY AND POPULATION STRUCTURE IN TUNISIAN
CASTOR GENOTYPES (RICINUS COMMUNIS L.) DETECTED USING SCOT
MARKERS

Martin Vivodik, Ezzeddine Saadaoui, Zelmira Bald3ovd, Zdenka Gdlovd, Lenka Petrovicovd

ABSTRACT

Due to the chemical and physical properties of castor oil (Ricinus communis L.) that make it a valuable raw material for
numerous industrial applications, including the production of biofuel, interest to develop more and better varieties has been
increased. In the present study, the representatives of the genus castor collected from 12 different parts of Tunisia were
differentiated by the DNA fingerprinting patterns using 37 SCoT primers. PCR amplification of DNA using 37 primers for
SCoT analysis produced 268 DNA fragments that could be scored in all 56 genotypes of Tunisian castor. The number of
amplified fragments varied from 4 (SCoT 45, SCoT 31 and ScoT 17) to 10 (SCoT 3, SCoT 11, SCoT 14, SCoT 18 and
SCoT 12). Of the 268 amplified bands 230 were polymorphic, with an average of 6.22 polymorphic bands per primer. To
determine the level of polymorphism in the analysed group of Tunisian castor genotypes polymorphic information content
(PIC) was calculated. The lowest values of polymorphic information content were recorded for SCoT 17 (0.411) and the
the highest PIC values were detected for SCoT 14 (0.868) with an average of 0.751. A dendrogram was constructed from a
genetic distance matrix based on profiles of the 37 SCoT primers using the unweighted pair-group method with the
arithmetic average (UPGMA). According to analysis, the collection of 56 Tunisian castor genotypes were clustered into
two main clusters (1 and 2). Of the 56 genotypes of Tunisian castor, 2 unique genotypes were separated (BA-5 and K-4).
Genetically the closest were two genotypes from Tunisian region Souassi (S-2 and S-5) in subclaster 2bc. Results showed
the utility of SCoT markers for estimation of genetic diversity of castor genotypes leading to genotype identification.

Keywords: castor; DNA; PCR; dendrogram; SCoT marker

INTRODUCTION

The castor-oil plant (Ricinus communis L.), a member of
the spurge family (Euphorbiaceae), is a versatile industrial
oil crop that is cultivated in many tropical and subtropical
regions of the world (Anjani, 2012). Due to the distinctive
characteristics of castor oil, such as its high percentage of
ricinoleic acid, unusual chemical structure and low
freezing point, castor oil is widely utilised in paints, nylon,
aviation oil, lubricants, soaps, inks, dyes, cosmetics,
adhesives, biodiesel, and other novel castor-bean-derived
studied
using molecular techniques, including random amplified
polymorphism DNA (RAPD) (Vivodik et al., 2015),
amplified fragment length polymorphism (AFLP) (Allan
et al. 2008), simple sequence repeat (SSR) (Galova et al.,
2015), inter-simple sequence repeat (ISSR) (Wang et al.,
2013), single nucleotide polymorphism (SNP) markers

products (Scholz and Silva, 2008). Castor is cultivated on
commercial scale in an area of 1,525,000 ha in 30
countries with 1,581,000 MT seed production. India,
China, Brazil, USSR, Thailand, Ethiopia and Philippines
are the major castor growing countries in the world
(Damodaram and Hegde, 2010).

Knowledge of genetic variability is important for
breeding programs to provide the basis for developing
desirable genotypes. Genetic variability in castor bean has
been

(Foster et al. 2010), start codon targeted polymorphism
(SCoT) (Kallamadi et al., 2015), target region
amplification polymorphism (TRAP) (Simées et al., 2017)
and using protein markers (Cheema et al., 2010; Malook
et al.,, 2016). The polymerase chain reaction (PCR) has
been used by many authors, such as Ziarovska et. al.,
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(2015); Kanti et. al., (2015); Vyhnanek et. al., (2015);
BoselPova and Ziarovska (2016); RaZna et. al., (2016);
Ziarovska et. al., (2017); Simoes et. al., (2017).

With initiating a trend away from random DNA markers
towards gene-targeted markers, a novel marker system
called SCoT (Collard and Mackill, 2009) was developed
based on the short conserved region flanking the ATG start
codon in plant genes. SCoT markers are generally
reproducible, and it is suggested that primer length and
annealing temperature are not the sole factors determining
reproducibility. They are dominant markers like RAPDs
and could be used for genetic analysis, quantitative trait
loci (QTL) mapping and bulk segregation analysis. In
principle, SCoT is similar to RAPD and ISSR because the
same single primer is used as the forward and reverse
primer (Collard and Mackill, 2009). Suitability of SCoT
markers system has been successfully employed in genetic
diversity analysis and fingerprinting of a number of
agricultural and horticultural crop species, such as oat
(Balazova et al., 2017), rye (Petrovicova et al., 2017),
maize (Vivodik et al., 2016), date palm (Al-Qurainy et
al., 2015), orchardgrass (Jiang et al., 2014), pepper
(Tsaballa et al., 2015), ramie (Satya et al., 2015), castor
(Kallamadi et al., 2015), sugarcane (Que et al., 2014) and
mango (Gajera et al., 2014).

Scientific hypothesis

The present study is focused on estimation of genetic
distance between 56 Tunisian castor genotypes, based on
37 SCoT markers. Although the information gathered here
would be helpful in future for genomic mapping studies
leading to development of castor cultivars with broader
genetic background to obtain improved crop productivity.

MATERIAL AND METHODOLOGY

Fifty-six castor (Ricinus communis L.) genotypes were
used in the present study. Seeds of castor were obtained
from the University of Carthage, National Institute of
Research in Rural Engineering, Waters and Forests
(INRGREF), Regional Station of Gabes, Tunisia. The ricin
genotypes were obtained from 12 regions of Tunisia: S-
Souassi (5 genotypes), BT- Bouthay (4 genotypes), GH-
Ghomrassen (5 genotypes), BA- Sidi bou ali (5
genotypes), MT- Matmata (4 genotypes), AG- Mateur (5
genotypes), N- Nefza (4 genotypes), MD- Mednine (5
genotypes), M- Mornag (5 genotypes), G- Gabes (4
genotypes), K- Kebili (5 genotypes), KJ- Ksar jedid (5
genotypes). Genomic DNA of castor cultivars was
extracted from leaves of 14-day old plantlets with
GeneJET Plant Genomic DNA Purification Mini Kit
according to the manufacturer’s instructions. DNA
concentrations were estimated by UV-Vis
spectrophotometer Q5000, Quawell.

SCoT amplification: A total of 37 SCoT primers
developed by Collard and Mackill (2009) were selected
for the present study (Table 1). Each 15-uL amplification
reaction consisted of 1.5 pL (100 ng) template DNA, 7.5
puL Master Mix (Genei, Bangalore, India), 1.5 pL. 10 pmol
primer, and 4.5 pL distilled water. Amplification was
performed in a programmed thermocycler (Biometra,
Germany) using the following program: 94 °C for 3 min;
35 cycles of 94 °C for 1 min, 50 °C for 1 min, and 72 °C
for 2 min; a final extension at 72 °C for 5 min. Amplified

products were separated in 1.5% agarose in 1 x TBE
buffer. The gels were stained with ethidium bromide and
documented using gel documentation system UVP
PhotoDoc-t® camera system.

Statisic analysis

A dendrogram was constructed based on hierarchical
cluster analysis using the unweighted pair group method
with arithmetic average (UPGMA). For the assessment of
the polymorphism between genotypes maize and usability
SCoT markers in their differentiation we used
polymorphic information content (PIC) (Weber, 1990).

RESULTS AND DISCUSSION

In the present study, the representatives of the genus
Ricinus communis collected from 12 different parts of
Tunisia were differentiated by the DNA fingerprinting
patterns using 37 SCoT primers. The efficacy of the SCoT
technique in this study is further supported by the obtained
PIC values of the primers used in the analysis. The PIC
value of the SCoT marker system was found to be 0.751
which are at par with the optimal PIC. PCR amplification
of DNA using 37 primers (Table 1) for SCoT analysis
produced 268 DNA fragments that could be scored in all
56 genotypes of Tunisian castor (Figure 1). The number of
amplified fragments varied from 4 (SCoT 45, SCoT 31 and
ScoT 17) to 10 (SCoT 3, SCoT 11, SCoT 14, SCoT 18 and
SCoT 12), and the amplicon size ranged from 200 to 2500
bp. Of the 268 amplified bands 230 were polymorphic,
with an average of 6.22 polymorphic bands per primer.
Results indicated the presence of wide genetic variability
among different genotypes of Tunisian castor. From these
37 primers, primers SCoT 3, SCoT 14 and SCoT 15 were
the most polymorphic, where 9 polymorphic amplification
products were detected. The lowest number of amplified
polymorphic fragments (3) were detected by primers SCoT
2, SCoT 17, SCoT 31 and SCoT 45. The percentage of
polymorphism ranged from 50.00% (SCoT 2) to 100%
(SCoT 13, SCoT 15, SCoT 20, SCoT 30, SCoT 44, SCoT
65 and SCoT 66). To determine the level of polymorphism
in the analysed group of Tunisian castor genotypes
polymorphic information content (PIC) was calculated.
The lowest values of polymorphic information content
were recorded for SCoT 17 (0.411) and the the highest PIC
values were detected for SCoT 14 (0.868) with an average
of 0.751.

A dendrogram was constructed from a genetic distance
matrix based on profiles of the 37 SCoT primers using the
unweighted pair-group method with the arithmetic average
(UPGMA). According to analysis, the collection of 56
Tunisian castor genotypes were clustered into two main
clusters (1 and 2) (Figure 2). Of the 56 genotypes of
Tunisian castor, 2 unique genotypes were separated: BA-5
— genotypes from Tunisian region Sidi bou ali and K-4 —
genotypes from Tunisian region Kebili. Cluster 1 was
divided into subclasters 1a and 1b. Subclaster 1a contained
5 genotypes of castor from different regions of Tunisia and
subclaster 1b contained 6 genotypes of castor from
different regions of Tunisia. Cluster 2 was divided into
subclasters 2a and 2b. Subclaster 2a contained 6 genotypes
of Tunisian castor, all 5 genotypes from the region Ksar
jedid (KJ-1, KJ-2, KJ-3, KJ-4, KJ-5) and one genotype
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from Tunisian region Kebili (K-5). Subclaster 2b was
divided into 3 subclasters (2ba, 2bb and 2bc). Subclaster 2
ba contained 2 genotypes from Tunisian region
Ghomrassen (GH-2 and GH-5). Subclaster 2bb contained 6
genotypes from different regions of Tunisia and subclaster
2 be contained 29 gentypes of castor from different regions
of Tunisia. Genetically the closest were two genotypes
from Tunisian region Souassi (S-2 and S-5) in subclaster
2bc (Figure 2).

Lower average polymorphism (21%) obtained by SCoT
technique was detected by Kallamadi et al. (2015) who
analysed molecular diversity of castor (Ricinus communis
L.). Out of a total of 108 bands, 23 (21%) were
polymorphic with an average of 2.1 polymorphic bands
per primer. The total number of bands per primer varied
from 5 and 20 in the molecular size range of 100 — 3000
bp. The PIC/DI varied from 0.06 for SCoT28 to 0.45 for
SCoT12 with an average of 0.24. On the other side, higher
polymorphism with SCoT primers has been reported in
crops like peanut (Xiong et al., 2011), cicer (Amirmoradi
et al., 2012), mango (Luo et al., 2010), ramie (Satya et
al., 2015), sugarcane (Que et al., 2014), Chinese bayberry
(Fang-Yong and Ji-Hong, 2014), pepper (Tsaballa et al.,
2015), castor (Kallamadi et al., 2015), maize (Vivodik et
al., 2016), durum wheat (Etminan et al.,, 2016), oat
(Balazova et al., 2017), rye (Petrovi¢ova et al., 2017),
vetch (Chai et al., 2017).

Chai et al. (2017) investigate the optimal number
of individuals that may represent the genetic diversity of a
single population, using Start Codon Targeted (SCoT)
markers. Two cultivated varieties and two wild accessions
were evaluated using five SCoT primers, also testing
different sampling sizes: 1, 2, 3, 5, 8, 10, 20, 30, 40, 50,
and 60 individuals. Cluster analysis by Unweighted Pair
Group Method with Arithmetic Mean (UPGMA) and
structure placed the 240 individuals into four distinct
clusters. BaldZova et al. (2017) used eighteen primers to
study polymorfism of 8 oat genotypes.

Altogether 153 different fragments were amplified of
which 67 were polymorphic with an average number of
3.72 polymorphic fragments per genotype. The number of
polymorphic fragments ranged from one (SCoT9,
SCoT62) to nine (SCoT40). The polymorphic information
content ranged from 0 (SCoT9, SCoT62) to 0.876
(SCoT40) with an average of 0.524. Petrovifova et al.
(2017) study genetic variability among the set of 45 rye
genotypes using 8 SCoT markers. Amplification of
genomic DNA of 45 genotypes, using SCoT analysis,
yielded 114 fragments, with an average of 14.25
polymorphic fragments per primer. The hierarchical
cluster analysis showed that the rye genotypes were
divided into 2 main clusters. In the present study,
Etminan et al. (2016) analyzed genetic variation in a
mini-core collection of durum wheat germplasm, including
25 breeding lines and 18 landraces, using six start codon
targeted (SCoT) markers. High levels of polymorphism
were observed; 98.70% (ISSR) and 100% (SCoT), which
indicated that these markers are useful tools for detection
of genetic variation in the collection. In the present
investigation, Vivodik et al. (2016) analyzed 40 genotypes
of maize from Czechoslovakia, Hungary, Poland, Union of
Soviet Socialist Republics, Slovakia and Yugoslavia using
20 Start codon targeted (SCoT) markers. These primers
produced total 114 fragments across 40 maize genotypes,
of which 86 (76.43%) were polymorphic with an average
of 4.30 polymorphic fragments per primer and number of
amplified fragments ranged from 2 (SCoT 45) to 8 (SCoT
28 and SCoT 63). The polymorphic information content
(PIC) value ranged from 0.374 (ScoT 45) to 0.846 (SCoT
28) with an average of 0.739. The dendrogram based on
hierarchical cluster analysis using UPGMA algorithm was
prepared. The hierarchical cluster analysis showed that the
maize genotypes were divided into two main clusters.

M S-1S-2S-3 S4 S5 M-1M-2M-3 M-4M-5G-1 G-2G-4G-5 K-1K-2 K-3 K-4K-5 N-1 N-2 N-3 N-4 BT-1 BT-2

Figure 1 PCR amplification products of 25 genotypes of Tunisian castor produced with primer SCoT-12. Lane M is Quick-
Load® 100 bp DNA ladder and lanes 1-25 are Tunisian castor genotypes.
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Table 1 Statistical characteristics of the SCoT markers used in Tunisian castor genotypes

SCoT Primers Primer sequence (5°-3") TNoB NoPB PoPB PIC
ScoT 2 CAACAATGGCTACCACCC 6 3 50.00 0.605
ScoT 3 CAACAATGGCTACCACCG 10 9 90.00 0.850
SCoT 6 CAACAATGGCTACCACGC 8 6 75.00 0.758
SCoT 8 CAACAATGGCTACCACGT 8 7 87.50 0.815
SCoT 9 CAACAATGGCTACCAGCA 8 6 75.00 0.772

SCoT 11 AAGCAATGGCTACCACCA 10 8 80.00 0.839
SCoT 13 ACGACATGGCGACCATCG 7 7 100.00 0.793
SCoT 14 ACGACATGGCGACCACGC 10 9 90.00 0.868
SCoT 15 ACGACATGGCGACCGCGA 9 9 100.00 0.843
SCoT 16 ACCATGGCTACCACCGAC 7 87.50 0.822
SCoT 17 ACCATGGCTACCACCGAG 4 3 75.00 0.411
SCoT 18 ACCATGGCTACCACCGCC 10 8 80.00 0.852
SCoT 19 ACCATGGCTACCACCGGC 9 8 88.89 0.854
SCoT 20 ACCATGGCTACCACCGCG 8 8 100.00 0.841
SCoT 21 ACGACATGGCGACCCACA 8 7 87.50 0.772
SCoT 22 AACCATGGCTACCACCAC 6 4 66.67 0.717
SCoT 12 ACGACATGGCGACCAACG 10 8 80.00 0.811
SCoT 23 CACCATGGCTACCACCAG 7 6 85.71 0.822
SCoT 26 ACCATGGCTACCACCGTC 7 6 85.71 0.731
SCoT 28 CCATGGCTACCACCGCCA 6 5 83.33 0.731
SCoT 29 CCATGGCTACCACCGGCC 7 6 85.71 0.816
SCoT 30 CCATGGCTACCACCGGCG 8 8 100.00 0.851
SCoT 31 CCATGGCTACCACCGCCT 4 3 75.00 0.438
SCoT 33 CCATGGCTACCACCGCAG 8 7 87.50 0.828
SCoT 34 ACCATGGCTACCACCGCA 6 5 83.33 0.706
SCoT 36 GCAACAATGGCTACCACC 6 5 83.33 0.742
SCoT 40 CAATGGCTACCACTACAG 7 6 85.71 0.726
SCoT 44 CAATGGCTACCATTAGCC 5 5 100.00 0.765
SCoT 45 ACAATGGCTACCACTGAC 4 3 75.00 0.477
SCoT 54 ACAATGGCTACCACCAGC 8 7 87.50 0.830
SCoT 59 ACAATGGCTACCACCATC 6 5 83.33 0.705
SCoT 60 ACAATGGCTACCACCACA 7 6 85.71 0.726
SCoT 61 CAACAATGGCTACCACCG 9 8 88.89 0.815
SCoT 62 ACCATGGCTACCACGGAG 6 5 83.33 0.742
SCoT 63 ACCATGGCTACCACGGGC 5 4 80.00 0.533
SCoT 65 ACCATGGCTACCACGGCA 8 8 100.00 0.834
SCoT 66 ACCATGGCTACCAGCGAG 5 5 100.00 0.739
Average 7.24 6.22 85.20 0.751
Total 268 230 - -

Note: TNoB-Total number of bands, NoPB- Number of polymorphic bands, PoPB- Percentage of polymorphic bands (%),
PIC- Polymorphic information content.
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Genotypes

Figure 2 Dendrogram of 56 Tunisian castor genotypes prepared based on 37 SCoT markers. S- Souassi (5 genotypes), BT-
Bouthay (4 genotypes), GH- Ghomrassen (5 genotypes), BA- Sidi bou ali (5 genotypes), MT- Matmata (4 genotypes), AG-
Mateur (5 genotypes), N- Nefza (4 genotypes), MD- Mednine (5 genotypes), M- Mornag (5 genotypes), G- Gabes (4
genotypes), K- Kebili (5 genotypes), KJ- Ksar jedid (5 genotypes).
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CONCLUSION

The present work reported utilization of SCoT markers
for the detection of genetic variability of castor genotypes.
In summary, SCoT marker analysis was successfully
developed to evaluate the genetic relationships among the
genus of castor accessions originated from various regions
of Tunisia. The hierarchical cluster analysis divided castor
genotypes into 2 main clusters. SCoT markers are
generated from the functional region of the genome; the
genetic analyses using these markers would be more useful
for crop improvement programs. Polymorphism revealed
by SCoT technique was abundant and could be used for
molecular genetics study of the castor accessions,
providing high-valued information for the management of
germplasm, improvement of the current breeding
strategies, construction of linkage maps, conservation of
the genetic resources of oat species and QTL mapping.
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COMPARISON OF THE CONTENT OF SELECTED MINERAL SUBSTANCES
IN CZECH LITURGICAL AND COMMON WINES

Jiri Micek, Sabina Trdageova, Anna Adamkovd, Martin Addmek,
Martina Bedndrova, Soria Skrovankova, Eva Sedlackova

ABSTRACT

The article deals with the content of selected mineral substances in Czech liturgical wines and compares them with
common wines. Sulphur, phosphorus, boron, potassium, calcium, magnesium, iron, cadmium and lead were selected as
evaluated minerals, and they were all found in all the analyzed varieties — Pinot Noir, Red Traminer and Chardonnay.
Mineral substances were determined using a quadrupole mass spectrometer in the inductively coupled plasma variant of the
Thermo Scientific ICAP Q ICP-MS. Generally, measured results did not show significant differences between the mineral
content in liturgical and common wines. Therefore the influence of specific production technologies of liturgical wines on
the mineral contents was not proved either. One of the highest mineral concentration was in communion Red Traminer,
which, besides beneficial minerals, also contained a high amount of toxic elements. On the contrary, common Red
Traminer had one of the lowest concentrations of toxic compounds. The content of permitted lead levels was exceeded in a

single case, namely in the Chardonnay kosher sample. For cadmium, no sample exceeded the allowed limit.

Keywords: communion wine; kosher wine; mineral substances; mass spectrometry; cadmium

INTRODUCTION

Plutarch (c. 46 — c. 127), Greek writer, historian and
philosopher said that, the wine is “the most useful of all
beverages, the tastiest of all medications, and the most
pleasant of all food”. Wine has been used since time
immemorial in various religious ceremonies for
worshipping a deity in the ritual of a given church. For the
Christian religion in the Bible the wine symbolizes the
blood of Jesus Christ. According to the Torah, wine, along
with bread, "gladdens the living" and "brings joy to the
God and man" (Torah, Psalm 104:15; Torah, Koheles
10:19; Torah, Pesachim 109a; Divecky, 2005;
Bondyova and Sliva, 2008).

Liturgical wine, used for religious purposes, must meet
the conditions of a particular religion and must be
approved by a given ecclesiastical authority. The rules for
the production of communion wine used in the Eucharist
as the "blood of the Lord" for the Czech Republic are set
up by the Czech Bishops' Conference (Koudelka, 2010).
The Congregation for Worship and the Sacrament states
that, the communion wine must be only of natural origin,
made from grapevine, unaltered, unmixed with other
ingredients, chemically untreated, and according to the
Czech Bishops' Conference, the grapes have to come from
Bohemia or Moravia. Production is similar to organic
farming. Other conditions include the prohibition of the

use of additives such as dyes or flavorings, and at least
20 degrees of the sugar content of the grapes used. The
content of alcohol in wine is not limited, so it may vary
(Zelezny, 2010).

In the Jewish religion, wine is used much more than in
the Christian religion. For example, during Tu BiShvat, the
feast of trees, it is obligatory to drink gradually white,
pink, light red and a bold red wine (Tvartzek, 1948). On
Purim, celebrating the rescue of the Jews in Persian exile
by Queen Ester, the Talmud commands the orthodox Jew
to get drunk so much to "not being able to distinguish
Mordecai from Haman" (two adversaries). Wine is divided
into several groups - cooked or pasteurized ("yayin
mewushal"), uncooked or unpasteurised ("yayin lo
mewushal"), wine for Pesach, which must not come in
contact at all with grain, bread or dough, and wine
"mehadrin" for ultra-orthodox Jews (Nadenickova, 2014).
In order to preserve kosher quality, the wine must not be
touched or opened by a non-Jew, except for the boiled
wine. Strict rules also apply to the cultivation and
processing of such wine, e.g. the vineyard is left to rest
every seventh year (sabbatical year) as commanded in the
Third Book of Moses.

Wine is an interesting source of biologically active
substances, such as polyphenols, antioxidants and minerals
(Bajcan et al., 2016; Skrovankovi et al., 2017). The soil
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and its geological origin, the fertilization, the variety, the
weather in the given year and the processing technology
all have a great influence on the content of minerals in
grapes and wine. The influence of nutrition in the
conditions of a particular vineyard is also significant. The
roots of the vine receive minerals with water from the soil.
The mineral content of the must is reduced by their
crystallization, precipitation and utilization by yeasts
(Jedlicka, Novotna, et ValSikova, 2014). The total
amount of minerals determined as the ash content in the
wine is 1500 —4000 mg.L"" (Steidl, 2010). Sulphur,
phosphorus, boron, potassium, calcium and magnesium are
the basic minerals evaluated in this article. Harmful for the
aroma, color and taste of the wine are mainly iron, copper,
nickel, tin, aluminium, zinc and toxic metals. This work
focused on iron and toxic metals - arsenic, chromium, lead
and cadmium. Mass spectrometry was used to determine
them. Mass spectrometry methods used for analyzing
elements in the wine can detect not only the content of
individual elements, but also determine the authenticity of
the wine or the dilution of the wine with water (Cizkova et
al., 2012).

Scientific hypothesis

Scientific hypothesis is: The content of the selected
minerals evaluated by the mass spectrometry is different in
Czech liturgical and common wines.

The aim of the work was to compare the content of
selected minerals in Czech liturgical and common wines.
The samples were chosen with regard to the comparability
of vintage, sub-area and special attributes.

MATERIAL AND METHODOLOGY

Wine samples

To analyze the selected minerals in the communion
wines, Pinot Noir and Red Traminer was chosen.
Chardonnay was used to compare the minerals in kosher

Table 1 Wine origin and category.

wine. For each variety, 2 samples of common wine and
2 samples of liturgical wine were tested. Samples were
chosen to ensure the highest comparability possible
(vintage, sub-area and attribute), but different producers.

Due to the difficulty of acquiring the comparable
samples, their gathering took 15 months. Samples were
bought gradually in the common market, specialized wine
shops and directly from the producers. Two bottles of each
wine were bought and analyzed. The samples in Table 1
were tested.

Chemicals
There were used:
HNOs; p. a., Mr. 63.01, Penta, Praha, CZ,
Deionized water, 18.2 MOhm.cm, Millipore.
All chemicals were of analytical reagent grade or
equivalent analytical purity.

Evaluation of the mineral content

The quadrupole mass spectrometer in an inductively
coupled plasma variant of Thermo Scientific iCAP Q
ICP-MS (Thermo Scientific, MA, USA) was used to
determine the mineral elements. The device is computer
controlled by Thermo Scientific ™ Qtegra ™ Intelligent
Scientific Data Solution ™ (ISDS) platform software
(Thermo Scientific, MA, USA).

1 mL of sample with 1 mL of nitric acid was put into a
100 mL volumetric flask and refilled up to the mark with
pure deionized water. For each sample the measurement
was repeated 3 times. The content of individual elements is
expressed in mg.L™".

Statistical analysis

The data were analyzed using Excel 2013 (Microsoft
Corporation, USA) and STATISTICA Cz version 12
(StatSoft, Inc., USA). Results were expressed by average
+ standard deviation. Comparison of the results was

Sample Category  Vintage Sub-area, village, track Quality
Pinot Noir

PN1 M 2012 Znojemska, Stosikovice na louce, U tii dubi VB
PN2 M 2012 Velkopavlovickd, Havraniky, Staré vinice VH
PN3 B 2012 Znojemska, Miroslavské Kninice, Stara hora VH
PN4 B 2012 Velkopavlovicka, Velké Bilovice VH
Red Traminer

TR1 M 2013 Velkopavlovicka VH
TR2 M 2013 Znojemska, Stosikovice na louce, U tfi dubi VH
TR3 B 2013 Znojemska, Bzenec, PS
TR4 B 2013 Znojemska, Sedlec, Nad Nesytem PS
Chardonnay

CHI1 K 2010 Izrael, Samson Q
CH2 K 2011 Slovacka, Hysly / Mosténsko PS
CH3 B 2010 Mikulovska, Perna, Purmice PS
CH4 B 2011 Znojemska, Bzenec, VH

Note: K — kosher wine, M — communion wine, B — common wine, VB — special selection of berries, VH — special

selection of grapes, PS — Late harvest, Q - quality.
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performed using a Kruskal-Walllis test (o = 0.05). The
samples of individual varieties were compared to each
other. Furthermore, all samples of individual varieties of
liturgical wines were compared against common wines.

RESULTS AND DISCUSSION
Sulphur

The sulphur content in the wine may range from 400 to
1000 mg.L"'. The greatest amount of sulphur comes into
the wine in the form of sulphur dioxide during the
sulfation of the must or wine. The first references
regarding the use of antimicrobial effects of sulphur are
found not only in the Bible, but also in Greek and Roman
literature (Amancio et al., 2009). Furthermore, sulphur
can be found in the wine as a residue of nitrogenous or
magnesium fertilizers in the form of sulphates.

In Pinot Noir the sulphur content varied between
60.30 +1.62 mg.L" and 62.69 +3.26 mg.L"'. Red Traminer
contained 66.05 +1.79 mg.L" to 69.14 +3.63 mg.L". In
Chardonnay the values ranged from 66.97 +0.51 mg.L"' to
71.24 +5.83 mg.L”" of sulphur. Other results are shown in
Table 2. There was no statistically significant difference
(p >0.05) in sulphur content between liturgical and
common wines. No statistically significant difference was
found either between individual samples of individual
varieties (p >0.05).

According to Annex IB of the Commission Regulation
(EC) No 606/2009 of 10 July 2009, laying down certain
detailed rules for implementing Council Regulation (EC)
No 479/2008 as regards the categories of grapevine
products, oenological practices and the applicable
restrictions, the maximum content of SO, in red wine is
150 mg.L" and 200 mg.L"' in white wine. For selected
Czech wines with special attributes, there is an exception
for up to 400 mg.L" (special election of berries, special

selection of botrysided berries, ice wine or straw wine).

In this research, the content of sulphur varied from
60.30 mg.L" to 71.24 mg.L"'. Sandler et al. (2003) states,
that to make the sulfation effective, the dose must be high
enough to ensure the content of SO, in the final product at
least 30 mg.L"'. Doses higher than 70 — 80 mg.L™" are not
recommended because of influencing the taste properties
of wine. This was the case of the sample CH2, which may
be considered slightly too much sulfated, which can
influence its taste properties. There is no other significant
difference between liturgical or common wines.

Phosphorus

Phosphorus is one of the key elements for cultivating
grapevine. It gets into the soil as a part of phosphate
fertilizers. However, it is also included in the soil as a part
of the parent rocks. This mineral is found in the wine both
in inorganic and organic forms, such as glycerofosphates,
phosphorus esters or pectin compounds. Another important
role of phosphorus is during the fermentation, when it is
utilized by yeast. There are soils rich in phosphorus in the
Czech Republic. The content of phosphorus in wine is
from 60 mg.L" to 1000 mg.L™" (Fic, 2015).

In Pinot Noir the content of phosphorus varied from
98239 #19.57 mgL"' to 1389.32 #527 mgL'. Red
Traminer had the value of 974.89 +5.69 mgL"' to
1460.46 +27.07 mg.L”". For Chardonnay the content of
phosphorus was from 862.20 £20.46 mg.L"' to 1493.15
42551 mg.L"'. Unlike with sulphur, a statistically
significant difference (p <0.05) in the content of
phosphorus was found between samples of liturgical and
common wines for all the varieties analyzed. Comparison
of the individual samples of the different varieties revealed
a statistically significant difference (p <0.05) for the Pinot
Noir variety samples PN2 and PN4, for the Red Traminer
variety between TR1 and TR4 samples and for the

Table 2 The content of selected mineral substances (boron, magnesium, phosphorus, sulphur, potassium) in czech
liturgical and common wines (Pinot Noir, Red Traminer, Chardonnay) in mg.L™".

Sample Boron Magnesium Phosphorus Sulphur Potassium
M SD M SD M SD M SD M SD
Pinot Noir

PN1 84.86 2.24 2335.60 17.10 134286 23.97 61.47 2.51 20494.84  440.7

PN2 105.46 1.20 2428.03 38.92 138932 5.27 60.49 1.35 12052.24 2514

PN3 83.23 1.15 2462.59 0.85 1329.18  10.92 62.69 3.26 15373.05 1443

PN4 99.63 1.40 2569.93 67.84  982.39 19.57 60.30 1.62 18051.27 5233
Red Traminer

TR1 107.87 0.37 3064.03 31.32 146046  27.07 66.05 1.79 17927.10  183.0

TR2 79.98 1.30 2147.20 23.20 1417.65  9.52 68.75 2.32 7081.77 69.4

TR3 71.26 0.93 2122.85 17.22  1251.15  7.22 69.14 3.63 9561.64 53.7

TR4 76.96 1.25 2338.48 30.10  974.89 5.69 67.48 2.44 6658.59 149.3
Chardonnay

CH1 66.49 0.83 2463.27 11.56  1493.15 25.51 69.51 1.54 4148.21 67.0

CH2 83.42 1.08 1949.67 15.77 1087.55 22.60 71.24 5.83 10367.63  135.2

CH3 77.98 1.49 2147.99 14.12  1075.18  5.63 70.04 1.80 9439.80 57.1

CH4 151.24 0.34 2055.87 4788  862.20  20.46 66.97 0.51 9115.07 238.1
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Chardonnay variety between CH1 and CH4 samples. No
statistically significant difference was found between the
other samples (p >0.05).

Table 2 shows different content of phosphorus in wine
samples, ranging from 862.20 mg.L'1 to 1493.15 mg.L". In
liturgical wine the content is higher than in the common
wine. The reason may be the using of phosphate fertilizers
in some vineyards, or the high concentration in Czech
soils. However, the results are higher than the range stated
by Fic (2015).

Boron

Boron is a very important microelement in grapevine
nutrition. It participates in pollination, fertilization of
inflorescences, photosynthesis and transport of glycides.
Its content is lower in toxic or calcareous soils. It is most
commonly found in the form of boric acid, which content
in wine can be 10 — 120 mg.L'l (Fic, 2015).

In Pinot Noir the content of boron was between
8323 +1.15mg.L”" and 10546 +1.20 mg.L"'. Red
Traminer  contained from  71.26 £0.93 mg.L"' to
107.87 £0.37 mg.L"". In Chardonnay the content of boron
varied from 66.49 +0.83 mg.L"' to 151.24 +3.44 mg.L™".
A statistically significant difference (p <0.05) in the
content of boron was found between samples of liturgical
and common wines in the Red Traminer variety.
Comparison of the individual samples of the different
varieties revealed a statistically significant difference
(p <0.05) between PN2 and PN3 samples of the Pinot
Noir, between TR1 and TR3 samples of Red Traminer and
between CHI and CH4 samples of Chardonnay. No
statistically significant difference was found between the
other samples (p >0.05).

The content of boron in wines was 66.49 —
151.24 mg.L", as can be seen in the Table 2. Fic (2015)
states the content of boron is influenced by calcareous and

toxic soils. It was supposed, that due to the contamination
of soil with toxic elements and the high content of calcium
in the soil within the observed area, the content of boron
would be lower. Despite this fact, the content of boron is
approaching rather the wupper limits of the range
10-120 mg.L’l, or even exceeds it (in the last sample).

Potassium

Potassium plays an important role in the exchange of K*
ionts for H;O" oxonium ionts and it is quite mobile in the
soil. The grape vine is most absorbing it during the lush
growth. It occurs in must mostly as potassium hydrogen
tartrate or potassium sulphate. Higher quantities occur in
red wines and varieties of dry white wines such as
Chardonnay or Pinot Blanc. During ripening, its
concentration in grapes increases in relation to the
accumulation of sugars. Potassium also affects the acid
content and the pH of must and wine. This mineral
element softens the taste of the wine, and its higher
quantity can also indicate the age of the wine. Low-
potassium wines taste sour and bitter. By precipitating
"wine stone" (potassium hydrogen tartrate) through
fermentation the potassium content can be reduced by up
to 1000 mg.L"'. Wines contain potassium in the range of
160 — 2500 mg.L™" (Fic, 2015).

In Pinot Noir the potassium content ranged within
1205.22 #25.14 mg L' and 2049.48 +44.07 mg.L". Red
Traminer contained from 665.86 +14.93 mg.L"' to
1792.71 £18.30 mg.L”" of potassium. In Chardonnay the
level of potassium was between 414.82 +6.70 mg.L"' and
1036.76 +13.52 mg.L"'. For potassium, no statistically
significant difference (p >0.05) was found between the
liturgical and common wines. Comparison of the
individual samples of different varieties revealed
a statistically significant difference (p <0.05) between the
PN1 and PN2 samples of Pinot Noir, between the TR1 and

Table 3 The content of selected mineral substances (calcium, iron, cadmium, lead) in czech liturgical and common
wines (Pinot Noir, Red Traminer, Chardonnay) in mg.L'l.

Sample Calcium Iron Cadmium Lead
M SD M SD M SD M SD
Pinot Noir
PN1 771.24 10.95 3.54 0.11 0.0036 0.0002 0.0289 0.0004
PN2 1177.55 7.81 9.33 1.65 0.0047 0.0001 0.0965 0.0019
PN3 1194.80 10.51 13.35 1.11 0.0034 0.0006 0.0369 0.0010
PN4 1069.77 23.87 13.06 0.17 0.0023 0.0001 0.0259 0.0005
Red Traminer
TR1 1872.26 20.01 18.32 0.52 0.0056 0.0001 0.1387 0.0009
TR2 1152.93 12.81 9.84 0.09 0.0064 0.0003 0.1115 0.0021
TR3 1282.98 17.50 9.81 0.32 0.0051 0.0004 0.0815 0.0010
TR4 691.03 8.70 12.39 0.43 0.0059 0.0005 0.1025 0.0012
Chardonnay
CH1 1048.66 14.01 10.05 0.21 0.0101 0.0011 0.0371 0.0011
CH2 1091.78 4.82 9.43 0.17 0.0023 0.0001 0.0557 0.0009
CH3 833.32 2.25 9.50 0.21 0.0033 0.0004 0.0713 0.0009
CH4 1063.36 12.85 6.80 0.03 0.0076 0.0008 0.1054 0.0023
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TR4 samples of Red Traminer and between the CHI and
CH2 samples of the Chardonnay variety. No statistically
significant difference was found between the other
samples (p >0.05).

Table 2 shows the content of potassium in samples,
which was between 414.82 mg.L"' and 2049.48 mg.L™".
The concentration of potassium in wine reflects its content
in the final stages of berry ripening, which may explain the
big difference between the values. High potassium levels
affect the stability of the wine with regard to its
precipitation in the form of potassium hydrogen tartrate.
Higher levels of potassium, especially in the formation of
these crystals, may indicate the age of the wine. This
aspect was relatively well observable in red wines, which
were 4 years old at the time of measurement. As stated by
Stafilov and Karadjova (2009), red wines usually have
higher content of potassium than white wines. This is
suggested also in this research (Table 2). The results are
within the range declared by Fic (2015).

Calcium

Calcareous soils are very abundant in the Czech
Republic’s wine-growing sub regions, thus the Czech
wines contain enough calcium. However, excess calcium
in the soil may result in chlorosis of the vine. Calcium has
a positive influence on the taste and aroma of the wine.
The amount of calcium increases when deacidated. It must
also be expected that it will "fall out" in the form of
calcium hydrogen tartrate. The wine may be in the range
of 100 — 220 mg.L"' (Fic, 2015).

In Pinot Noir the calcium content was between
771.24 #10.95 mg.L"' and 1194.80 £10.51 mg.L"'. Red
Traminer contained from 691.03 £8.70 mg.L"' to
1872.26 +£20.01 mg.L"' of calcium. In Chardonnay the
values ranged between 833.32+225mgL’ and
1091.78 +4.82 mg. L' of calcium. There was no
statistically significant difference (p >0.05) in the content
of calcium between the liturgical and common wine.
Comparison of the individual samples of each of the
varieties revealed a statistically significant difference
(p <0.05) between the PN1 and PN3 samples of Pinot
Noir, between the TR1 and TR4 samples of the Red
Traminer, and between the CH2 and CH3 samples of
Chardonnay. No statistically significant difference was
found between the other samples (p >0.05).

Content of calcium in wine was between 691.03 mg.L"
and 1872.26 mg.L"", as shown in Table 3. Higher content
of calcium in TRI1 sample can be caused by long term
storage in concrete tanks, where the calcium could
permeate from the walls into the wine. This was mentioned
by Jackson (2008). High level of calcium can cause
crystal formation in the wine. The results are highly above
the values declared by Fic (2015). This may be due to the
difference between values declared by different authors.
E.g. Rupasinghe and Clegg (2007) declared the content
of calcium 620 mg.L™.

Magnesium

Magnesium’s most important role is as the part of
chlorophyll. This mineral may be deficient in calcareous
and sandy soils. In high concentration, magnesium may

cause bitter taste of the wine. Wine can content 50 —
2000 mg.L" of magnesium (Fic, 2015).

In Pinot Noir the content of magnesium varied from
2335.60 #17.10 mg.L" to 2569.93 +67.84 mg.L"'. Red
Traminer contained between 2122.85 +17.22 mg.L" and
3064.03 +£31.32 mg.L"'. Chardonnay contained from
1949.67 +15.77 mg.L"' to 2463.67 #11.56 mg.L" of
magnesium. For magnesium, a statistically significant
difference (p <0.05) was found between samples of
liturgical and common wines only for the Pinot Noir
variety. Comparison of the individual samples of the
different varieties revealed a statistically significant
difference (p <0.05) between the samples PN2 and PN4 of
Pinot Noir, between the TR1 and TR4 samples of Red
Traminer and between the CH1 and CH4 samples of the
Chardonnay variety. No statistically significant difference
was found between the other samples (p >0.05).

Table 2 shows different magnesium content in wine
samples, which varied from 1949.67 mg.L"' to
3064.03 mg.L". As declared by Avram et al. (2014) the
level of magnesium depends on the similar conditions as
potassium, and it is possible to claim that, the content of
magnesium could correlate with content of potassium. This
can be supported by comparison of the Table 2. Higher
level of magnesium can also indicate the use of the
different fertilizers and production processes. Furthermore,
the samples come from areas known to be rich in
magnesium. All of the above may be the reason why the
results are not within the range stated by Fic (2015).

Iron

This mineral causes turbidity, thus the higher
concentration of iron in wine is undesirable. It can be
removed by clarifying (fining), but the content can
significantly increase due to contact with iron tools during
processing or storage. In Czech Republic the iron occurs
especially in soils in Znojmo and Brno Districts. The
content is around 0.3 — 10 mg.L’l (Kraus, 1999).

In Pinot Noir the iron content ranged from
3.5440.11 mg.L"' to 13.35+1.11 mg.L"". Red Traminer
contained between 9.81 +0.32 mg.L"! and
18.32 +0.52 mg.L"" of iron. Content of iron in Chardonnay
varied from 6.80 +0.03 mg.L"' to 10.05 #0.21 mg.L"'. A
statistically significant difference (p <0.05) in the content
of iron was found between samples of liturgical and
common wines only for the Pinot Noir variety.
Comparison of the individual samples of all the varieties
revealed a statistically significant difference (p <0.05) for
the Pinot Noir variety between the samples PN1 and PN4
and for the Chardonnay variety between samples CH1 and
CH4. No statistically significant difference was found
between the other samples (p >0.05).

Iron level in samples was 3.54 — 18.32 mg.L"', as shown
in Table 3. The significantly higher content of iron in the
sample of white communion wine could be the result of
wine contact with a corroded winery device. Besides
causing turbidity, the higher iron content can catalyze
oxidative reactions, e.g. conversion of ascorbic acid to
dehydroascorbic acid, or cause wine browning. Higher
iron content may also promote polymerization of phenolic
compounds with acetaldehyde, as reported by Jackson
(2008). Analyzed samples of the common red wines, first
white communion wine and the second white communion
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wine can be considered problematic for long-term storage
regarding the higher content of iron. The results are within
the range declared by Kraus (1999).

Cadmium

Cadmium occurs in nature as a part of the minerals and
organic compounds of the soil solution. In Czech soil the
common content is 0.2 — 1.5 mg.kg™ soil. During the last
150 years its content has increased by 55 %. The main
limiting factor for cadmium content in the soil is the
chemical composition of the mother rock. High doses of
cadmium can damage soil microflora (Fic, 2015).

The content of cadmium in Pinot Noir was between
0.0023 +0.0001 mg.L" and 0.0047 +0.0001 mg.L". Red
Traminer contained from 0.0051 £0.0004 mg.L"' to
0.0064 +£0.0003 mg.L"' of cadmium. The content of
cadmium in Chardonnay varied from
0.0023 £0.0001 mg.L"' to 0.0101 £0.0011 mg.L". A
statistically significant difference (p < 0.05) in the content
of cadmium was found between samples of liturgical and
common wines only for the Pinot Noir variety.
Comparison of the individual samples of the different
varieties revealed a statistically significant difference
(p <0.05) for the Pinot Noir variety between the samples
PN2 and PN4, for the Red Traminer variety between the
TR2 and TR3 samples and for the Chardonnay variety
between the CHI1 and CH2 samples. No statistically
significant difference was found between the other
samples (p >0.05).

Table 3 shows the content of cadmium in wine samples,
which was between 0.023 mg.L" and 0.0101 mg.L"". In the
first kosher wine and the second common wine
(Chardonnay) the content of cadmium was higher than in
the rest of the samples. This may be due to the air
pollution, postfermental contamination or the contact of
wine with stainless steel during the process, as declared by
Dehelean and Voica (2012) and Stafilov and Karadjova
(2009). OIV (International Organization of Vine and
Wine) set the limit of cadmium in wine 0.01 mg.L". All
analyzed samples fulfilled this requirement.

Lead

The natural lead content in the soil is 2 — 300 mg per
kilogram of soil in the form of Pb," in acidic igneous
rocks. As a result of anthropogenic activity, the amount of
lead in the soil increases above the limit value set by the
Ministry of Agriculture (Fic, 2015).

In Pinot Noir the content of lead ranged from
0.0259 +0.0005 mg.L" to 0.0965 +0.0019 mg.L"'. Red
Traminer contained between 0.0815 +0.0010 mg.L™" and
0.1387 £0.0009 mg.L"' of lead. In Chardonnay the content
of lead varied among 0.0371 #0.0011 mgL"' and
0.1054 +£0.0023 mg.L™". For lead, a statistically significant
difference (p <0.05) was found between samples of
liturgical and common wines only for the Red Traminer
and Chardonnay. Comparison of the individual samples in
the different varieties revealed a statistically significant
difference (p <0.05) for the Pinot Noir variety between the
samples PN2 and PN4, for the Red Traminer variety
between the TRI and TR3 samples, and for the
Chardonnay variety between the CH1 and CH4 samples.

No statistically significant difference was found between
the other samples (p >0.05).

The range of lead content in the samples was 0.0259 —
0.1387 mg.L", as shown in Table 3. Lead is a contaminant
that could get into the wine from the soil. The most
frequent reasons are emissions, agricultural chemicals and
industrial pollution. In the more traditional manufacturers
the contamination may be caused by brass fittings and
faucets that wine comes into contact with during the
secondary fermentation. In rare cases, due to long-term
storage in crystal containers that release lead into the wine.
This is also declared by Jackson (2008). Although lead is
a toxic metal, it precipitates together with other metals and
is excluded during fermentation with turbidities. The OIV
set the lead content in wine to 0.15 mg.L’l (01V, 2016).
All analyzed sample meet this criteria.

CONCLUSION

This study dealt with content of mineral substances in
communion and kosher wines, compared to content in
common wines. Generally, mass spectrometry analysis did
not prove that the liturgical wines have better composition
regarding the mineral content than the common wines. A
statistically significant difference between samples of
liturgical and common wines was found in only one third
of the analyzed samples. A statistically significant
difference between the samples of individual varieties was
proved in only one sample of the whole set for the
individual variety. There was no statistically significant
difference between the other samples. Therefore, this study
demonstrates that no significant influence of the specific
technology of the production of liturgical wines has been
proved for the selected samples. Communion wine Red
Traminer (sample TR1), had one of the highest content of
beneficial minerals, but also contained high amounts of
toxic elements, which however, did not exceed any legally
set limit. On the contrary, the limit for lead content was
exceeded in a single case, by Chardonnay kosher (sample
CH1). None of the samples exceeded the limit for
cadmium. It would be suitable to conduct further research
on this issue, as the up to date sources or analyses, which
would cover this issue with complexity, is scarce.
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STUDY OF POLYMORPHISM OF MAIZE USING DNA AND PROTEIN
MARKERS

Martin Vivodik, Zelmira Baldovi, Zdenka Gilovd, Lenka Petrovic¢ovd

ABSTRACT

In the present investigation 40 genotypes of maize from Czechoslovakia, Hungary, Poland, Union of Soviet Socialist
Republics, Slovakia and Yugoslavia were analysed using 20 start codon targeted (SCoT) markers, 10 simple sequence
repeat (SSR) markers, 13 random amplified polymorphic (RAPD) markers and using SDS-PAGE markers. Twenty SCoT
primers produced 114 DNA fragments with an average of 5.7 bands per primer. Out of the total of 114 amplified
fragments, 86 (76.43 %) were polymorphic, with an average of 4.30 polymorphic bands per primer. Ten SSR primers
revealed a total of 65 alleles ranging from 4 (UMC1060) to 8 (UMC2002 and UMCI1155) alleles per locus with a mean
value of 6.50 alleles per locus. 20 SCoT primers produced total 114 fragments across 40 maize genotypes, of which 86
(76.43 %) were polymorphic with an average of 4.30 polymorphic fragments per primer and number of amplified
fragments ranged from 2 (SCoT 45) to 8 (SCoT 28 and SCoT 63). The number of total scorable protein bands was
twentythree as a result of SDS-PAGE technique but those that were not cosistent in reproducibility and showed occasional
variation in sharpness and density were not considered. Based on these bands forty accessions of maize were screened. Out
of twentythree polypeptide bands, 6 (31%) were commonly present in all accessions and considered as monomorphic,
while 17 (65%) showed variations and considered as polymorphic. The dendrogram of 40 old maize genotypes based on

SSR, SCoT, RAPD and SDS-PAGE markers using UGMA algorithm was constructed.

Keywords: RAPD; SSR; SDS-PAGE; SCoT; old maize; dendrogram

INTRODUCTION

With the advent of the first maize hybrids, in 1933 in the
US and around 1950 in Europe, maize cultivation has
undergone a complete change (Gay, 1984; Dubreuil and

Charcosset, 1998). Since 1990, random amplified
polymorphic DNA (RAPD) markers have been
successfully applied for identification of DNA

polymorphism in various plant species (Williams et al.,
1990). RAPD technique requires only small amounts of
DNA sample without involving radioactive labels and are
simpler as well as faster (Masojc” et al., 2001). Molecular
markers based on polymerase chain reaction (PCR)
methods, such as simple sequence repeats (SSRs) or
microsatellites, have become important genetic markers in
a wide range of crop species, including maize (El¢i et al.,
2015). SSRs markers have many advantages over other
types of molecular markers, such as co-dominance,
abundant in genomes, highly polymorphisms, locus
specificity, good reproducibility and random distribution
throughout the genome (Sun et al., 2011). These features,
coupled with their ease of detection, make them ideal for

identifying and distinguishing between accessions that are
genetically very similar (Saker et al., 2005). Recently, a
simple novel DNA marker technique namely start codon
targeted (SCoT) polymorphism, was developed by
(Collard and Mackill, 2009). Primers for SCoT marker
analysis were designed from the conserved region
surrounding the translation initiation codon, ATG (Sawant
et al., 1999). Single 18-mer oligonucleotides were used as
both forward and reverse primer for PCR, and the
annealing temperature was set at 50 °C. Suitability of
SCoT markers for the construction of genetic maps,
fingerprinting and phylogenetic studies has been proved by
many authors in many crops, such as tomato (Shahlaei et
al., 2014), citrus (Mahjbi et al., 2015), date palm (Al-
Qurainy et al., 2015), castor (Kallamadi et al., 2015) and
mango (Gajera et al., 2014). Maize seed consists of two
types of protein i.e., zein and non-zein protein. The term
zein is used for prolamins in maize which is alcohol
soluble protein and could be extracted with ethanol
(Lawton et al., 2006). Zein is major seed storage protein
of maize and consists of one major and three minor classes
and these four classes constitute approximately 50 — 70%
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of maize endosperm (Freitas et al., 2005; Vasal, 1999).
The non-zein protein consists of globulins (3%), glutelins
(34%) and albumins (3%). Zein is specific to maize
endosperm and not present in any other part of plant.
Proteins are primary gene products of active structural
genes; their size and amino acids sequence are the direct
results of nucleotide sequences of the genes; hence, any
observed variation in protein systems induced by any
mutagen is considered a mirror for genetic variations
(Prasanna et al., 2001; Hamoud et al., 2005).
Determination of protein molecular weight (MW) via
polyacrylamide gel electrophoresis (PAGE) in the
presence of sodium dodecyl sulfate (SDS) is a universally
used method in biomedical research; concluded that
electrophoresis (SDS-PAGE) of proteins can be
economically used to assess genetic variation and relation
in germplasm and also to differentiate mutants from their
parent genotypes (Ranjan et al., 2013). Some studies used
SDS-PAGE for detection of alterations in protein profiles
occurring during exposure to electric field (Hanafy et al.,
2006; Dymek et al., 2012). For the analysis of genetic
diversity of maize genotypes were used several dominant
molecular ~ markers:  amplified fragment length
polymorphism (AFLP) (Roy and Kim, 2016), random
amplified polymorphic DNA (RAPD) (Balazova et al.,
2016), start codon targeted (SCoT) (Vivodik et al., 2016),
inter-simple sequence repeat (ISSR) (Idris et al., 2012;
Ziarovska et al., 2013) and sequence-related amplified
polymorphism (SRAP) (Abd El-Azeem et al., 2015). And
codominant molecular markers were also used for the
analysis of maize genotypes: simple sequence repeat
(SSR) (Shiri et al., 2014), expressed sequence tag (EST)-
SSR (Galvao et al, 2015), single nucleotide
polymorphism (SNP) (Sa et al., 2012) and using protein
markers (SDS-PAGE) (Vivodik et al., 2016). The
polymerase chain reaction (PCR) has been used by many
authors, such as Ziarovska et. al., (2015); Kanti et. al.,
(2015); Vyhnanek et. al., (2015); BosePova and
Ziarovska (2016); Razna et. al., (2016); Ziarovska et.
al., (2017); Simoes et. al., (2017).

Scientific hypothesis

The present study aimed to examine the genetic
variability within and among old 40 maize genotypes
cultivated in the Europe, using SSR, SCoT, RAPD and
SDS-PAGE markers. The data collected will contribute to
identification, rational exploitation and conservation of
germplasms of maize genotypes.

MATERIAL AND METHODOLOGY

Maize genotypes (40) were obtained from the Gene Bank
VURYV Praha-Ruzine (Czech Republic) and from the Gene
Bank in Piestany, the Slovak Republic. DNA of 40
genotypes of maize was extracted from leaves of 10 day
old seedlings using the Gene JET Plant Genomic DNA
Purification Mini Kit.
SSR analysis: Amplification of SSR fragments was
performed according to Elci et al. (2015) (Table 1).
Polymerase chain reaction (PCR) were performed in 20 pl
of a mixture containing 7.5 ul H,O, 10.0 pl Master Mix
(Genei, Bangalore, India), 0.75 ul of each primer (10
pmol) and 1 pul DNA (100 ng). Amplification was
performed in a programmed thermocycler (Biometra,

Germany) and amplification program consisted of an
initial denaturing step at 94 °C for 2 min, followed by 35
cycles of amplification [95 °C (30 s), 1 min at the 55 °C,
72 °C (30 s)] and a final elongation step at 72 °C for 10
min. Amplification products were confirmed by
electrophoresis in 7% denaturing polyacrylamide gels and
silver stained and documented using gel documentation
system Grab-It 1D for Windows. Data analysis: For the
assessment of the polymorphism between maize genotypes
and usability of SSR markers in their differentiation
diversity index (DI) (Weir, 1990), the probability of
identity (PI) (Paetkau et al.,, 1995) and polymorphic
information content (PIC) (Weber, 1990) were used.
SCoT analysis: A total of 20 SCoT primers developed by
Collard and Mackill (2009), were selected for the present
study (Table 2). Each 15-uL amplification reaction
consisted of 1.5 puL (100 ng) template DNA, 7.5 pL Master
Mix (Genei, Bangalore, India), 1.5 pL 10 pmol primer, and
4.5 pL distilled water. Amplification was performed in a
programmed thermocycler (Biometra, Germany) using the
following program: 94 °C for 3 min; 35 cycles of 94 °C for
1 min, 50 °C for 1 min, and 72 °C for 2 min; a final
extension at 72 °C for 5 min. Amplified products were
separated in 1.5% agarose in 1 x TBE buffer. For the
assessment of the polymorphism between genotypes maize
and usability SCoT markers in their differentiation we
used polymorphic information content (PIC) (Weber,
1990).

RAPD analysis: Amplification of RAPD fragments was
performed according to Gajeraa et al. (2010) (Table 3)
using decamer arbitrary primers (Operon technologies Inc,
USA; SIGMA-D, USA). Polymerase chain reactions

(PCR) were carried out in 25 pl of following mixture:
10.25 pl deionized water, 12.5 ul Master Mix (Promega,

USA), 1.25 ul of genomic DNA, 1 pul of 10 pmol of primer.
Amplification was performed in a thermocycler (Biometra,

Germany) with initial denaturation at 94 °C for 5 min, 42
cycles of denaturation at 94 °C for 1 min, primer annealing
at 38 °C for 1 min, extension at 72 °C for 1 min, and final
extension at 72 °C for 5 min. Amplified products were
separated in 1.5% agarose in 1x TBE buffer. The gels were
stained with ethidium bromide and documented using gel
documentation system Grab-It 1D pre Windows. For the
assessment of the polymorphism between genotypes maize
and usability RAPD markers in their differentiation we
used diversity index (DI) (Weir, 1990), the probability of
identity (PI) (Paetkau et al.,, 1995) and polymorphic
information content (PIC) (Weber, 1990).
SDS-PAGE analysis: SDS-PAGE was carried out
according to the standard reference ISTA method
(Wrigley, 1992). Storage proteins were extracted from
individually ground seeds using extracting using a buffer
composed of 6.25 mL Tris (1.0 mol L-1, pH = 6.8), 10 mL
glycerol, 12.05 mL H,O and 2.0 g SDS, diluted with
mercaptoethanol and H,O in a 17:3:40 (v/v) proportion.
The buffer was added to flour in a 1:25 (w/v) proportion.
Extraction was performed at room temperature overnight
and heating in boiled water for 5 minutes, centrifugation at
5000 x g for 5 min. 10 pL of extracts were applied to the
sample wells. The gel (1.0 mm thick) consists of two parts:
stacking gel (3.5% acrylamide, pH = 6.8 acrylamide) and
resolution gel (10 % acrylamide, pH = 6.8). Staining of
gels was performed in a solution of Coomassie Brilliant
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Table 1 List of SSR primers of maize.

SSR F primer R primer

markers

UMC1363 AAAGGCATTATGCTCACGTTGATT TCTCCCTCCCCTGTACATGAATTA
UMC1004 CTGGGCATACAAAGCTCACA TGCATAAACCGTTTCCACAA
UMC2002 TGACCTCAACTCAGAATGCTGTTG CACAAAATCCTCGAGTTCTTGATTG
UMC1117 AATTCTAGTCCTGGGTCGGAACTC CGTGGCCGTGGAGTCTACTACT
UMC1587 ATGCGTCTTTCACAAAGCATTACA AGGTGCAGTTCATAGACTTCCTGG
UMC1060 ACAGGATTTGAGCTTCTGGACATT GGCCTCTCCTTCATCCTATTCAA
UMC1155 TCTTTTATTGTGCCCGTTGAGATT CCTGAGGGTGATTTGTCTGTCTCT
UMC1072 GAGGAGACCGCCTCTGGTTC CTTCGGGTTCCTGGACCTTCT
UMC1133 ATTCGATCTAGGGTTTGGGTTCAG GATGCAGTAGCATGCTGGATGTAG
UMC1413 CATACACCAAGAGTGCAGCAAGAG GGAGGTCTGGAATTCTCCTCTGTT

Table 2 SCoT markers used in maize.

SCoT Primers Primer sequence (5°-3")
SCoT 6 CAACAATGGCTACCACGC
SCoT 8 CAACAATGGCTACCACGT
SCoT 9 CAACAATGGCTACCAGCA
SCoT 12 ACGACATGGCGACCAACG
SCoT 23 CACCATGGCTACCACCAG
SCoT 26 ACCATGGCTACCACCGTC
SCoT 28 CCATGGCTACCACCGCCA
SCoT 29 CCATGGCTACCACCGGCC
SCoT 30 CCATGGCTACCACCGGCG
SCoT 36 GCAACAATGGCTACCACC
SCoT 40 CAATGGCTACCACTACAG
SCoT 44 CAATGGCTACCATTAGCC
SCoT 45 ACAATGGCTACCACTGAC
SCoT 54 ACAATGGCTACCACCAGC
SCoT 59 ACAATGGCTACCACCATC
SCoT 60 ACAATGGCTACCACCACA
SCoT 61 CAACAATGGCTACCACCG
SCoT 62 ACCATGGCTACCACGGAG
SCoT 63 ACCATGGCTACCACGGGC
SCoT 65 ACCATGGCTACCACGGCA

Table 3 List of RAPD primers and their sequences.

Primers Primer sequence
(5°-39)
OPA-02 TGCCGAGCTG
OPA-03 AGTCAGCCAC
OPA-13 CAGCACCCAC
OPB-08 GTCCACACGG
OPD-02 GGACCCAACC
OPD-07 TTGGCACGGG
OPD-08 GTGTGCCCCA
OPD-13 GGGGTGACGA
OPE-07 AGATGCAGCC
OPF-14 TGCTGCAGGT
SIGMA-D-01 AAACGCCGCC
SIGMA-D-14 TCTCGCTCCA
SIGMA-D-P TGGACCGGTG

Blue R250 dissolved in acetic acid and methanol solution.
Gel was scanned with densitometer GS 800 (Bio-Rad) and
evaluated with Quantity One-1D Analysis Software.

Statisic analysis

The SSR, SCoT, RAPD and SDS-PAGE bands were
scored as present (1) or absent (0), each of which was
treated as an independent character regardless of its
intensity. A dendrogram based on hierarchical cluster
analysis using the unweighted pair group method with
arithmetic average (UPGMA) with the SPSS professional
statistics version 17 software package was constructed.

RESULTS AND DISCUSSION

SSR analysis: Ten maize SSR primers were used for
identification and estimation of the genetic relations
among 40 old European maize genotypes. All 10 SSR
primers generated clear banding patterns with high
polymorphism. Ten SSR primers revealed a total of 65
alleles ranging from 4 (UMCI1060) to 8 (UMC2002 and
UMCI1155) alleles per locus with a mean value of 6.50
alleles per locus (Table 4). Variations in DNA sequences
lead to polymorphism. Greater polymorphism is indicative
of greater genetic diversity. The PIC values ranged from
0.713 (UMC1060) to 0.842 (UMC2002) with an average
value of 0.810 and the DI value ranged from 0.734
(UMC1060) to 0.848 (UMC2002) with an average value
of 0.819 (Table 4). 100% of used SSR markers had PIC
and DI values higher than 0.7 that means high
polymorphism of chosen markers used for analysis.

Similar results were detected by other authors
(Kanagarasu et al., 2013; Molin et al., 2013; Al-Badeiry
et al.,, 2014; Shiri et al.,, 2014; Efendi et al., 2015;
Ignjatovic-Micic et al., 2015; Salami et al., 2016) and
these results presented a high level of polymorphism of old
maize genotypes detected by SSR markers. Kanagarasu
et al. (2013) used 10 SSR molecular markers to analysis of
27 maize inbred lines. Ten SSR markers produced 23
polymorphic alleles with an average of 2.3 alleles per
locus and mean polymorphic information content (PIC) of
0.45. The aim of Molin et al. (2013) was study the
genetic diversity across 48 varieties of maize landraces
cultivated at different locations in the States of Rio Grande
do Sul and Parand by 47 simple sequence repeat (SSR)
markers. SSR analysis resulted in amplification of 105
polymorphic fragments and a polymorphic index of
78.3%. Al-Badeiry et al. (2014) detected 41 alleles among
the tested maize varieties using 10 Simple Sequence
Repeat (SSR).The molecular size of bands obtained from
amplification of SSR products ranged from 91 to 288 bp.
Alleles ranged from one in umc1653 to ten in bnlgl189
loci. Shiri et al. (2014) study genetic diversity of 38 maize
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hybrids using 12 SSR primers. The total number of PCR-
amplified products was 40 bands, all of them polymorphic.
Primer PhiO31 generated the highest number of bands (6).
Among the studied primers, UMC2359, PHIO31 and
UMCI1862 showed the maximum polymorphism
information content (PIC) and the greatest diversity. The
aim of Efendi et al. (2015) was to select homozygosity
and analyze genetic diversity of 51 maize inbreds using 36
SSRs markers. The research was aimed to select among 51
maize inbreds with high homozygosity and to investigate
the genetic diversity using 36 SSRs markers. The result
shows that there were 30 inbreds indicating homozygosity
level of more than 80%. Ignjatovic-Micic et al. (2015)
analyzed nine flint and nine dent accessions from six agro-
ecological groups, chosen on the basis of diverse
pedigrees. Ten SSR primers revealed a total of 63 alleles.
High average PIC value (0.822) also supports
informativeness and utility of the markers used in this
study. The aim of study Salami et al. (2016) was to
evaluate the genetic diversity of Benin’s maize accessions
by SSR marker. Thus, 187 maize accessions from three
areas were analyzed using three SSR markers. A total of
227 polymorphic bands were produced and showed high
genetic diversity. The polymorphic information content
(PIC) values for the SSR loci ranged from 0.58 to 0.81,
with an average of 0.71.

Table 4 List of SSR primers, total number of bands and
the statistical characteristics of the SSR markers used in
maize.

Marker Number DI PIC PI
name of alleles

UMC1363 7 0.808  0.799 0.011
UMC1004 6 0.830 0.823 0.005
UMC2002 8 0.848  0.842 0.005
UMC1117 5 0.794  0.780 0.010
UMC1587 7 0.835 0.827 0.006
UMC1060 4 0.734 0.713 0.022
UMC1155 8 0.835 0.830 0.007
UMC1072 7 0.845 0.839 0.004
UMC1133 6 0.818  0.808 0.007
UMC1413 7 0.846  0.841 0.005

fragments (2) was detected by primer SCoT 45. To
determine the level of polymorphism in the analysed group
of maize genotypes, polymorphic information content
(PIC) was calculated (Table 5). The polymorphic
information content (PIC) value ranged from 0.374 (SCoT
45) to 0.846 (SCoT 28) with an average of 0.739.

Similar values of PIC were detected by other authors and
these values presented a high level of polymorphism of
genotypes detected by SCoT markers. Huang et al. (2014)
assessed the genetic diversity of six Hemarthria cultivars
using seven SCoT primers, which together amplified 105
bands with an average of 15 bands per sample. Fang-
Yonga et al. (2014) assessed the genetic diversity of 31
germplasm resources of Myrica rubra from Zhejiang
Province, the major gathering site and the largest producer
of M. rubra in China using start codon-targeted
polymorphism (SCoT) markers. Authors used 38 primers
to perform PCR amplification of 31 genotypes, from
which 298 reproducible bands were obtained, including
251 polymorphic bands (84.23%). Satya et al. (2015) used
24 start codon targeted (SCoT) markers to assess genetic
diversity and population structure of indigenous,
introduced and domesticated ramie (Boehmeria nivea L.
Gaudich.). Jiang et al. (2014) used start codon-targeted
(SCoT) markers to analyze the diversity and genetic
relationships among 95 orchardgrass accessions. In total,
273 polymorphic bands were detected with an average of
11.4 bands per primer. In the study Zhang et al. (2015),
used SCoT markers to study the genetic diversity and
relationships among 53 Elymus sibiricus accessions.

Table 5 Statistical characteristics of the SCoT markers
used in maize.

Average 6.50 0.819 0.810 0.008

Note: DI — diversity index, PIC — polymorphic information
content, PI — probability of identity.

SCoT analysis

In this work, all 20 SCoT primers used for analysis of 40
European old maize genotypes produced amplification
products and all resulted in polymorphic fingerprint
patterns. Twenty primers produced 114 DNA fragments
with an average of 5.7 bands per primer (Table 5). Out of
the total of 114 amplified fragments, 86 (76.43 %) were
polymorphic, with an average of 4.30 polymorphic bands
per primer. From these twenty primers, primers SCoT 28
and SCoT 63, respectively, were the most polymorphic,
where 8 polymorphic amplification products were
detected. The lowest number of amplified polymorphic

SCoT TNoB NoPB PoPB PIC
Primers
SCoT 6 5 4 80.00 0.729
SCoT 8 4 4 100.00 0.652
SCoT 9 6 4 66.66 0.780
SCoT 12 7 5 71.43 0.715
SCoT 23 7 5 71.43 0.816
SCoT 26 5 4 80.00 0.714
SCoT 28 8 5 62.50 0.846
SCoT 29 6 4 66.66 0.810
SCoT 30 7 6 85.71 0.825
SCoT 36 7 7 100.00 0.812
SCoT 40 6 5 83.33 0.731
SCoT 44 4 2 50.00 0.710
SCoT 45 2 2 100.00 0.374
SCoT 54 5 3 60.00 0.717
SCoT 59 6 3 50.00 0.794
SCoT 60 6 3 50.00 0.790
SCoT 61 6 5 83.33 0.808
SCoT 62 4 4 100.00 0.618
SCoT 63 8 7 87.50 0.832
SCoT 65 5 4 80.00 0.697
Average 5.70 4.30 76.43 0.739

Total 114 86 - -
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Note: TNoB-Total number of bands, NoPB- Number of
polymorphic bands, PoPB- Percentage of polymorphic bands
(%), PIC- Polymorphic information content.

RAPD analysis

Our study dealt with detection of genetic polymorphism
in maize cultivars using RAPD markers. For the
differentiation of forty maize genotypes thirteen RAPD
markers (Table 6) were chosen according to Gajeraa et al.
(2010).

Table 6 Statistical characteristics of the RAPD markers.

Number DI PIC PI
Primers of alleles
OPA-02 5 0.768 0.755 0.041
OPA-03 7 0.826 0.820 0.007
OPA-13 10 0.874 0.872 0.006
OPB-08 5 0.718 0.709 0.032
OPD-02 6 0.765 0.751 0.049
OPD-07 5 0.725 0.723 0.026
OPD-08 8 0.834 0.829 0.006
OPD-13 9 0.856 0.849 0.005
OPE-07 7 0.835 0.829 0.006
OPF-14 8 0.865 0.862 0.003
SIGMA-D-P 7 0.839 0.833 0.005
SIGMA-D-01 8 0.854 0.849 0.004
SIGMA-D-14 7 0.741 0.728 0.023
Average 7.08 0.808 0.801 0.016

Note: SDS-PAGE analysis.

Chosen primers amplified DNA fragments across 40 maize
genotypes studied, with the number of amplified fragments
ranged from 5 (OPA-02, OPB-08, OPD-07) to 10 (OPA-
13). The polymorphic information content (PIC) values
varied from 0.709 (OPB-08) to 0.872 (OPA-13), with an
average of 0.801 and index diversity (DI) value varied
from 0.718 (OPB-08) to 0.874 (OPA-13) with an average
of 0.808 (Table 6). Similar values of DI and the PIC were
detected by other authors and these values presented a high
level of polymorphism of maize genotypes detected by
RAPD markers. Osipova et al. (2003) used RAPD
markers to analyse the genetic divergence between the
regenerated plants derived from callus cultures and the
original maize line A188. Specific polymorphism revealed
with random primers was completely confirmed using five
SCAR markers. De Vasconcelos et al. (2008) used the
RAPD technique to evaluate somaclonal variation in maize
plants derived from tissue culture from the maize inbred
line L48. Forty seven different decamer oligonucleotide
primers generated 221 amplification products, 130 of them
being polymorphic. Mukharib et al. (2010) used RAPD
markers to fingerprint 20 varieties of maize. The primers
of the most interest of this purpose were those that
produced more variety specific DNA profiles, such as
OPD-03, OPE-18, OPF-05, OPL-11 and OPX-04. Much
higher number of alleles (7) compared to Al-Badeiry et al.
(2013), who detected only one allele, can be caused by
diverse set of maize varieties used for analysis. Mrutu et
al. (2014) assessed the genetic diversity of maize hybrids
grown in Southern highlands of Tanzania by using RAPD
markers. Twelve maize samples were collected and used in
this study. The aim of Molin et al. (2013) was to estimate
the genetic diversity across 48 varieties of maize landraces

cultivated at different locations in the States of Rio Grande
do Sul and Parand by means of different marker system
including random amplified polymorphic DNA. Maize
landrace accessions were genotyped using the 30 RAPD
primers. Similar level of polymorphism (84.44%) obtained
also Bruel et al. (2007).

The number of total scorable protein bands was
twentythree as a result of SDS-PAGE technique but those
that were not cosistent in reproducibility and showed
occasional variation in sharpness and density were not
considered. Based on these bands forty accessions of
maize were screened. Out of twentythree polypeptide
bands, 6 (31%) were commonly present in all accessions
and considered as monomorphic, while 17 (65%) showed
variations and considered as polymorphic. The size of the
protein bands obtained through SDS-PAGE ranged from
20 to 140 kDa. On the basis of banding profiles of proteins
of different kDa, gel was divided into zones A, B and C.
The major protein bands were lied in zones A and B, while
minor bands were present in zones C. It was noted that
different accessions of maize showed more diversity in
seed storage proteins in minor bands in comparison to
major bands. In zone A out of 10 protein bands, 1 were
monomorphic and 9 were polymorphic. In zone B out of 8
protein bands, 3 was monomorphic and 5 was polymorphic
and in zone C out of 5 protein bands, 2 were monomorphic
whereas 3 polymorphic. By considering these facts zone A
and B were more polymorphic.

Similarly the present study of genetic variability in the
seed storage polypeptide determined by SDS-PAGE
technique proved that it is fruitful to identify genetic
diversity among accessions of maize. Similar results were
detected by other authors (Osman et al., 2013; Igbal et
al., 2014; Iqgbal et al., 2014; Khan et al., 2014; AL-
Hugqail et al., 2015) and these results presented a high
level of polymorphism of old maize genotypes detected by
SDS-PAGE. Osman et al. (2013) study genetic
relationship between some species of Zea mays using
sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) of seed proteins. Autors identified 78 bands
across the studied species. The number of bands varies
from 17 bands in sample number 5 to 6 in sample number
6. Igbal et al. (2014) analyzed 73 genotypes of maize
from China, Japan and Pakistan for the total seed storage
proteins using sodium dodecyl sulphate polyacrylamide
gel electrophoresis (SDS-PAGE). A total of 18 protein
bands were recorded. Among these 7 (39%) were
monomorphic and 11 (61%) polymorphic, with molecular
weight varied from 10 kDa to 122 kDa. The aim of Igbal
et al. (2014) was to estimate the genetic diversity across
83 genotypes of maize of Pakistan and Japanese origin
using SDS-PAGE. A total of 18 protein subunits were
noted out of which 7 (39%) were monomorphic and 11
(61%) were polymorphic, with molecular weight ranging
from 10 to 122 kDa. Coefficients of similarity among the
accessions ranged between 0.89 and 1.00. The dendrogram
obtained through UPGMA clustering method showed two
main clusters: 1 and 2. First cluster contained 9 genotypes,
while second cluster contained 74 genotypes. Khan et al.
(2014) study the variation of zein fraction of seed storage
protein in maize by sodium dodecyl sulphate
polyacrylamide gel electrophoresis (SDS-PAGE).
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Figure 1 Dendrogram of 40 maize genotypes prepared based on SSR, SCoT, RAPD and SDS-PAGE markers. CZE —
Czechoslovakia, HUN — Hungary, POL — Poland, SUN — Union of Soviet Socialist Republics, SK — Slovakia, YUG —

Yugoslavia.

Variation in terms of absence and presence, intensity and
molecular size was observed in zein polypeptides. AL-
Hugail et al. (2015) used SDS-PAGE to detection of 46
polypeptides bands with different molecular weights
ranging from 186.20 to 36.00 KDa. It generated distinctive
polymorphism value of 84.62%.

The dendrogram of 40 maize genotypes based on SSR,
SCoT, RAPD and SDS-PAGE markers using UGMA
algorithm was constructed (Figure 1). The hierarchical
cluster analysis divided maize genotypes into two main
clusters. Unique maize genotype Zuta Brzica, originated
from Yugoslavia (cluster 1), separated from others. Cluster
2 containing 39 genotypes was divided into two main
subclusters (2a and 2b). Subcluster 2a contained one
Yugoslavian genotype Juhoslavanska and subcluster 2b
was divided in two subclusters 2ba and 2bb. In the
subcluster 2ba were grouped 7 genotypes from Hungary
(42.87%), Poland (14.29%), Czechoslovakia (14.29%) and
Union of Soviet Socialist Republics (28.58%). Subcluster
2bb of 31 genotypes included genotypes of Polish origin
(16.15%), Union of Soviet Socialist Republics origin
(22.61%), Slovakia origin (19.38%), Czechoslovak origin
(25.84%) and Hungarian origin (16.15%). Two genotypes
of 2bb subcluster (Czechnicka and Wielkopolanka) from
Poland and two genotypes (Voroneskaja and Kocovska
Skora) from Union of Soviet Socialist Republics and

Slovakia, respectively, were genetically the closest. We
can assume that they have close genetic background.

CONCLUSION

The present study indicates the validity of PCR technique
for estimating genetic diversity among old maize
genotypes. The current data will enhance the breeding
efficiency and will add the strength of Marker Assisted
Selection (MAS). In the light of information about the
genetic diversity in 40 European maize genotypes, it is
suggested that the breeding programs with the help of
DNA fingerprinting technology will be helpful to utilize
the genotypes to produce cultivars/varieties by crossing
them with different elite. Genetic diversity plays a key role
in crop improvement. In conclusion, a high level of genetic
diversity exists among the old maize accessions analyzed.
A SSR, SCoT, RAPD and SDS-PAGE markers system are
a rapid and reliable method for cultivar identification that
might also be used in quality control in certified seed
production programs, to identify sources of seed
contamination, and to maintain pure germplasm
collections. The present study shows effectiveness of
employing SCoT, RAPD, SSR and SDS-PAGE markers in
analysis of maize, and would be useful for further studies
in population genetics, conservation genetics and
genotypes improvement.
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Voltammetric determination of cholecalciferol at glassy carbon electrode
performed in water-ethanol mixture

Arlinda Nallbani, Julie Holubova, Milan Sys, Tahir Arbneshi, Karel Vytias

ABSTRACT

To confirm or disprove previous hypotheses, cyclic voltammetry of 0.5 mM cholecalciferol (vitamin D;) at glassy carbon
electrode (GCE) and platinum disk electrode (PtE) in pure acetonitrile and water-ethanol mixture at 50 mV-s™ has been
used to investigate the oxidation mechanism. The oxidation occurs in two one-electrone steps. According to calculation of
the highest electron density in cholecalciferol molecule which is evidently delocalized over carbon atoms of the three
conjugated double bonds (C19, C10, C5-C8) points to part of the molecule involved in oxidation processes. An oxidation
peak (at +0.925 V vs. Ag/AgCl) was used to develop direct voltammetric method based on differential pulse voltammetry
for the vitamin D; determination at GCE performed in 40% ethanol containing 0.1 M LiClO4. Under optimization of
analytical procedure, it was found that a composition of the supporting electrolyte used significantly affects a current
response of oxidation peak obtained. Satisfactory sensitivity was achieved in the 1:1 water-ethanol mixture containing
0.05 M lithium perchlorate as as supporting electrolyte. The linear range for vitamin D; determination was
2.4 x10°-3.5x 10" M with the detection limit of 8.0 x 10~ M. This work demonstrates a fact that the GCE is suitable

electroanalytical device for analysis of various food supplements and medicaments.

Keywords: cholecalciferol; anodic differential pulse voltammetry; glassy carbon electrode; vitamin food supplements

INTRODUCTION

As known, vitamin D belongs to the group of lipophilic
vitamins (Webster, 2012). In a narrower sense, it is
included into the group of fat-soluble steroid substances
liable for increasing of intestinal absorption of calcium and
other minerals (Wang, 2013). Vitamin D occurrs in two
different forms (Thacher et al., 2009) such as vitamin D,
(ergocalciferol) and  vitamin D; (cholecalciferol).
Generally, cholecalciferol is naturally generated in human
body during exposure of skin to UV radiation (Wacker
and Holick, 2013). In contrast, the ergocalciferol present
in muschrooms is produced by activation of ergosterol at
the same radiation (Bikle, 2014).

In case of avitaminosis, sufficient intake of
vitamin D-rich food is necessary. Due to low content of
vitamin D in foodstuffs usually pg per 100 g (Sabolova et
al., 2016), it can be ingested from commercial
supplements which were one of the targets of this work.
Already mentioned avitaminosis has a direct influence on
the absorption of calcium and phosphorus in the body,
especially in the proximal section of the small intestine
(Christakos et al., 2014). It is related with symptoms of
several diseases such as bone thinning and rhinitis in
children (Kutlug et al.,2017). From the medical

environmental point of view, several reports appeared in
scientific papers refering the fact that deficiency of
vitamin D may also cause cardiovascular disease,
immunological abnormalities, and cancer (Zittermann et
al., 2012; Lappe et al., 2007). From previous paragraphs,
it is evident that development of sensitive analytical
methods for determination of cholecalciferol is important
in several branges such as food quality control, medicine,
and pharmacy.

Nowadays, standard analytical method for determination
of ergocalciferol and cholecalciferol in foodstuffs CSN EN
12821 (560047) is used. After saponification from selected
foodstuff, vitamins are extracted with a suitable solvent.
Determination of these vitamins in suitable sample extracts
is usually performed by normal phase semipreparative
high-performance  liquid  chromatography  (HPLC)
followed by reverse phase analytical HPLC. Subsequent
detection is spectrometric in the UV-area. Nevertheless, it
is necessary to state that the existing standard method is
characterized by some disadvantages such as time analysis
including complex sample preparation, high consumption
of organic solvents, and high acquisition costs.

Especially, the last mentioned disadvantage represents
the main problem for small routine laboratories. For that
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reason, the aim of this work was to develop a simple
electroanalytical procedure to determine cholecalciferol
based on direct anodic oxidation at glassy carbon electrode
(GCE) performed in water-ethanol mixture using pulse
voltammetric  technique, namely different pulse
voltammetry (DPV). The main objective of this work was
to verify whether the direct voltammetric method, if
applied, can achieve the necessary sensitivity required for
quantitative analysis of food supplements and become
therefore an alternative way.

Scientific hypothesis

Two different reaction mechanisms of anodic oxidation of
cholecalciferol were proposed in the literature. Probably
just one of these two versions is true. Older hypothesis
argues that cholecalciferol is anodically hydroxylated on
C8 and C7 which are part of a conjugated system of three
double bonds (Webster, 2012; Canevari et al., 2014). In
contrast, a completely different reaction mechanism is
proposed in a recent study (Filik and Avan, 2017).
Authors claim that hydroxylation of C25 located in the
aliphatic happens. One of the aims of this work was to
select one of these claims as more credible.

MATERIAL AND METHODOLOGY
Chemicals and reagents

Analytical standard of crystalline cholecalciferol was
purchased from Merck (Darmstadt, Germany). Anhydrous
lithium perchlorate with 99.9% acetonitrile (ACN) from
Sigma Aldrich (Prague, Czech Republic), 96% ethanol
from Lach-Ner, s.r.o. (Neratovice, Czech Republic), and
demineralized water (p=18.3 MQ-cm; Milli-Q system,
Millipore) and were used for preparation of supporting
electrolytes (50% ethanol containing 0.05 M LiClO,4 and
0.1 M LiClO; in pure ACN). Due to relatively high
chemical stability, only the 0.01 M cholecalciferol stock
solution in pure ethanol was stored in a refrigerator at 5 C.

Instrumentation

All electrochemical experiments were carried out in the
20mL supporting electrolyte at 25 °C. Typical
three-electrode system consisting of solid GCE (or
platinum disk electrode; PtE), Ag/AgCl/3.0M KCl
(reference) and platinum wire (auxiliary) electrodes was
connected to potentiostat Autolab PGSTATI101 from
Metrohm (Prague, Czech Republic) operating with
software Nova version 1.11.

Pretreatment of glassy carbon electrode

Due to the fact that products of cholecalciferol
electrochemical oxidation remain adsorbed on the surface
of the GCE, it was necessary to renovate the electrode
surface by rinsing with pure hexane and subsequently by
polishing on a furry pad with presence of wet alumina
powder (particle size 1.0 um) for 10 s. This time duration
is also recommended by the accompanying manual
(Metrohm). After subsequent rinsing of the surface by
distilled water, the GCE was ready for further
electrochemical experiments.

Sampling
Two different food supplements Optisana (calcium +
vitamin D) available in Tesco Stores Czech Republic CR

a. s. and PRO formula (calcium, D3 & K) from Lidl Czech
Republic v.o.s. were analysed. Usually eight tablets were
dissolved in the supporting electrolyte in a 50 mL
volumetric flask and subsequently sonicated for
30 minutes at laboratory conditions. The resultant
dispersion was filtered using stacked filter paper. After
that, a volume of 10 mL resulting filtrate was inserted into
voltammetric cell and analysed by standard addition
methods where three 50 puL aliquots of 0.001 M
cholecalciferol were used. Analyses of each sample were
repeated at least three times.

Procedure

Cyclic voltammetry (CV) of 500 uM cholecalciferol at
GCE and PtE in 0.1 M LiClO, in pure ACN as supporting
electrolyte was performed for study of its electrochemical
behaviour. Potential window from -0.2 to +1.6 V (or +0.2
to -0.6 V), step potential (Ey,) 5 mV, scan rate (v)
50mV-s”, and five repetitive cycles were chosen as
working conditions. Differential pulse voltammetry (DPV)
of cholecalciferol at GCE was used under following
conditions: the applied potential from 0 to +1.2 V,
Ege, =5 mV, potential of amplitude (En,) 140 mV,
interval time (f,) 0.5s, and v=50 mV-s'.  All
voltammetric measurements were repeated at least 5 times.
If not stated, otherwise all changes in the experimental
conditions are shown in the legends below the
corresponding figures.

Validation of differential pulse voltammetry

Each analytical method is defined by three main
parameters, namaly sensitivity, accuracy, and precission.
The sensitivty is defined as the lowest detectable
concentration of an analyte (limit of detection; LOD) and
is given by a slope of corresponding calibration curve (k).
From a practical point of view, limit of quantification
(LOQ) is a more important parameter than the theoretical
value of LOD because it usually represent the lowest value
of the calibration curve. Values of LOQ and LOD were
calculated according to the following equations
LOQ = 100/k and LOD = 30/k, respectively, where o is the
standard deviation of measurement (n=5) of the
concentration for lowest concetration of the calibration
curve.

The accuracy is usually defined as a consistency of

repeated measurements under the same conditions and it
can be calculed as RSD =o/x*100, where X is the
arithmetic mean of minimally five repetitions.
The precission represents an accordance between the real
concentration of analyte and that found by an analytical
method used. This analytical parameter is often verified
using a model sample (recovery), declared amount, or by
comparison with a reference method based on another
physicochemical principle.

Statisical analysis

Within the optimization, calculation of p-value (X) to
determine statistical significance of evidence was used.
The p-value is widely used in statistical hypothesis H
testing, specifically in null hypothesis H, significance
testing. Before performing an experiment, the null
hypothesis is chosen for threshold value which is called
the significance level of the test, traditionally 5% and
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denoted as o. The smaller the p-value, the higher the
significance because it tells the investigator that the H
under consideration may not adequately explains the
observation. The H, is rejected if any of these probabilities
is less than or equal to a small, fixed but arbitrarily pre-
defined threshold value a which is referred to as the level
of significance.

Within analysis of vitamin supplements, a standard
reference analytical method CSN EN 12821 (560047) did
not used for comparison. Due to analysis of only two
samples (n = 2), normality test, ANOVA or t-test were not
required to apply. In this case, calculation of the recovery
(%) for model sample was found to be sufficient.

RESULTS AND DISCUSSION
Electrochemical behaviour of cholecalciferol

One of the main objectives of this study was to confirm
or refute the previous allegations regarding to
cholecalciferol oxidation mechanism due to the major
inconsistencies previously published. Two different
electrode reaction mechanisms are listed in the literature,
namely hydroxylation of C25 located in the aliphatic chain
(Filik and Avan, 2017) or hydroxylation of C8 and C7
located in a conjugated system of double bonds (Canevari
et al., 2014; Webster, 2012).

Theoretically, the mechanism of the electrode reaction
can be predicted according to quantum chemical
calculations because every redox process is generally
associated with an electron exchange. Knowledges of the
distribution of the electron charges in certain molecule can
help to determine individual reaction centres. It means that
molecular orbitals with an excess of electrons are more
easily oxidized than those with a deficiency. Thus, the
prediction of cholecalciferol electrochemical behaviour
can be facilitated by theoretical calculation of the highest
occupied molecular orbital (HOMO) and lowest
unoccupied molecular orbital (LUMO). However, steric
hindrances, especially accessibility of the reaction center
to the surface, should be taken into account. Calculated
orbitals for cholecalciferol are shown in Figure 1.

Program Gaussian 09 with density functional method
B3LYP was used for calculation. Based on the results
obtained, it can be predicted that an electrochemical
oxidation is delocalized over carbon atoms of the three
conjugated double bonds (C8-C19), where the highest
current density has been found. Due to this delocalized
electron system, it is not possible to decide with certainty
which carbon of the conjugate system is oxidized
primarily. It is also evident that carbon atoms of the side
aliphatic chain (C20-C27) are not energy efficient for
electrochemical oxidation.

Cyclic voltammetry as a frequently used analytical
technique for study of electrochemical processes has been
preferred. Cholecalciferol provided two oxidation peaks at
+1.05 and +1.15 V and two reduction peaks at +0.13 and
-0.02 V in the back-cathodic scan at PtE in non-aqueous
supporting electrolyte (pure ACN). It was confirmed that
theese two cathodic signals corresponded to the
electrochemical reduction of the resulting oxidation
products because no reduction peak was observed for
cathodic scan form +0.2 to -0.6 V (see Figure 2). Very
similar electrochemical behaviour of cholecalciferol was

obtained at GCE at the same conditions. Thanks to the
worst charge transfer, only one oxidation (at +1.18 V) and
one reduction peaks (at -0.14 V) were observed (not
shown). Moreover, it is very important to mention that no
reduction peak was obtained in water-organic mixures.

Figure 1 Calculated orbitals for cholecalciferol.

Within scan rate study (not shown), it was found that
oxidation peak current linearly (R*=0.9996) increased
with the square root of the scan (v). Moreover, slope (k)
value 0.419 for linear dependency of the peak current
logarithm on logv was obtained. For this finding,
diffusion-controlled electrochemical oxidation reaction can
be accepted.

10 -

8

Current / pA

-0.6 | -Ok.2 | 0i2 | 0i6 | 1I | 1j4
Potential / V vs. Ag/AgCl

Figure 2 Cyclic voltammetry of 0.5 mM cholecalciferol at
PtE performed in 98% ACN containg 0.1 M LiClO, at
50 mV-s™.
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Current / uA
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Figure 3 Repettive cyclic voltammetry (10 cycles) of
0.2 mM cholecalciferol at GCE performed in 50% ethanol
containg 0.1 M LiClO, at 50 mV-s™.

Thus, it can be concluded that the cholecalciferol
undergoes chemically irreversible anodic oxidation
processes at GCE in used water-ethanol mixture (see
Figure 3), which corresponds to previously published
results (Chan et al., 2014; Sys et al., 2016).

Thus, it can be concluded that a reaction mechanism (see
Figure 3 insert) proposed by Webster (2012) is more
probable than that from Filik and Avan (2017). However,
it seems that electrochemical techniques do not represent
sufficient tools to determine the cholecalciferol oxidation
mechanism. This should be considered as the identification
of the voltammetric oxidation product is a necessary way
to design a mechanism with certainty.

Optimization of supporting electrolyte composition

Selection of the working electrode, supporting
electrolyte, and setting of the electrochemical teqnique
represent the main factors influencing the final analytical
parameters of the direct voltammetric method. Due to
insolubility of cholecalciferol in strictly aqueous solutions,
it was necessary to find optimum content of ethanol and
LiClO;,. The highest value of anodic peak current (/,) was
obtained when 50% content of ethanol was used. For the
higher content of ethanol, evidently lower constant peak
current responses were observed (see Figure 4). For that
reason, 50% content of ethanol was chosen as the
optimum.

Generally, solubility of the lipophilic substance in the
water-organic mixture decreases with a higher salt content
due to the increasing of ionic strength (/) defined as the
sum of all electrically charged particles (positive and
negative ions) present in the solution. Nevertheless, it is
important to mention that the conductivity (G) of the
supporting electrolyte increases with higher salt content.
Concentrations higher than 50 mM did not cause peak

heights to increase. The above salt content was therefore
used as the optimum (see Figure 5).

0.8 -

g ©
» >
1 L

Peak current / pA

O.G 1 H T ¥ 1 H € 13 1 1 T ] 1 i
30 40 50 60 70 80 90 100
Ethanol content / %

Figure 4 Dependency of peak current on amount of
ethanol in supporting electrolyte containing always 0.1 M
LiClO,. For concetration of 100 uM cholecalciferol
measured at GCE by DPV at Eye, =5 mV, E;p, =25 mV,
fie=0.5s,and v=50 mV-s™.

1.2 -

© ©
o w©
13 13

Peak current / pA
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Figure 5 Dependency of peak current on amount of
LiClO, in supporting electrolyte containing always 50%
ethanol. For concetration of 100 uM cholecalciferol
measured at GCE by DPV at Ee, =5 mV, E;p, =25 mV,
fiy=0.5s,and v=50 mV-s,
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Electrochemical detection of cholecalciferol using DPV

The optimization of differential pulse voltammetric
detection focused on finding the proper pulse amplitude
and scan rate, which influence the peak current the most
importantly. It was found that setting pulse amplitude
higher than 140 mV did not significantly increase the peak
current response, because it was calculated that values of
corresponding peak current belonged to the interval for
p-value 0.05.

Analogous behaviour was found for the effect of the scan
rate  higher than 50 mV-s'. Typical records of
voltammograms together —with the corresponding
calibration curve are shown in Figure 6.

18 7 12,
| 1,=0.1191¢+0.0338
R?=0.9974
16 1<
{591
14 q¢
{2
=6
12 13
<, 0
510 423
= 1
o 81 .
= {1 0 20 40 60 80 100
S 6 Concentration / yM
O
4
2
0 T T T T T T ™

0.5 016 Of7 0j8 0j9 1?0 1j1
Potential / V vs. Ag/AgCl

Figure 6 Voltammograms for 0, 10, 20, 30, 40, 50, 60, 70,
80, 90, and 100 uM cholecalciferol with corresponding
calibration curve obtained at GCE. Measured by DPV at
Eyep=5mV, Eyppr = 140 mV, tie = 0.5's, and
v=50mV-s™.

All analytical parameters are demonstrated together with
those of previously published direct voltammetric method
(see Table 1). Evidently, this voltammetric method based
on direct anodic oxidation in water-ethanol mixture is

1.2

sensitive for analysis of samples (fish oils, food
supplements, pharmaceutical products like Vigantol etc.)
with relatively high content of vitamin D;. Unfortunately,
it cannot be applied in the analysis of milk and products
derived from it, clinical samples, etc.

Herein, it can be concluded that voltammetric method
developed by Cincoto et al. (2014) based on anodic
oxidation at GCE in water-ethanol mixtures was
thoroughly verified. Fortunately, significant progress in
linear range of calibration curve was achieved after setting
completely new optimum working conditions. Therefore, it
seems that some improvement has been achieved in the
already published method (Cincoto et al., 2014).

Using repeated voltammetric measurements of 10 uM
cholecalciferol, value of RSD was calculated. Values 3.2%
from peak height and 3.9% from peak area were found.
Both these values indicate a satisfactory repeatibility of
voltammetric measurements because they are lower than
5%, and are therefore considered optimal at a significance
level a = 0.05.

Voltammetric determination of cholecalciferol in vitamin
Jfood supplements

First, the developed voltammetric method was validated
by analysis of 10 mL model 5.0 uM cholecalciferol
sample. It was analyzed by the standard addition method
(three 10 uL  consecutive additions of 0.01 M
cholecalciferol stock solution in 98% ethanol). A recovery
of 94.9 % was calculated from three repettions.

Two different types of food supplements such as
Optisana (calcium + vitamin D) available in Tesco Stores
Czech Republic CR a. s. and PRO formula (calcium, D3 &
K) from Lidl Czech Republic v.o.s. were analyzed by this
developed voltammetric standard addition method

Corresponding analyses of food supplements were
repeated minimally five times, the evaluated results
showed correlation coefficients (R?) of minimally 0.9992
(not shown). The final results from DPV measurements of
these food supplements on the content of vitamin D were
compared with declared amounts listed by distributors (see
Table 2). With pure consciency, it can be stated that the
developed voltammetric method provides satisfactory
results, and could be used for routine food analysis in more
simply equipped laboratories.

Table 1 Comparison of conventional voltammetric methods developed for determination of cholecalciferol.

Techniq Supporting Linearity References
Sensor ue electrolyte (uM) LOD
(M)
75 mM LiClO, in Me-OH 2.0 to 200 (Hernandez Mendez et al.,
rotating GCE DPV 2.0 1988)
GCE/SiO,/GO/Ni(OH), DPV 0.1 M NaOH 5.0t050  0.003 (Canavari et al., 2014)
GCE DPV 0.1 M LiClOy in 40% Et-OH 03t043 0.12 (Cincoto et al., 2014)
GCE/poly(ARS)MWCNTs SWV 0.05% SDS in 1.5 M AAS 8.0to 160 5.0 (Filik et al., 2017)
GCE DPV 50 mM LiClO, in 50% Et-OH 2.4 to 350 0.8 (Present work)

Note: AAS; ammonium acetate solution, DPV; differential pulse voltammetry, Et-OH; ethanol, GCE/poly(ARS)MWCNTSs; poly (Alizarin red
S)/multi-walled carbon nanotubes modified glassy carbon electrode, GCE/SiO»/GO/Ni(OH),; amorphous nickel (II) hydroxide particles onto a hybrid
material composed of silica and graphene oxide modified glassy carbon electrode, LOD; limit of detection, Me-OH; methanol, SDS; sodium dodecyl

sulfate, SWV; square wave voltammetry.
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Table 2 Analysis of selected food supplements.

Food supplements Distributor DPV Declared amount  Recovery
(ng per tablet) (ng per tablet) (%)
Optisana (calcium + vitamin D)  Tesco Stores Czech Republic CR a. s. 5.8+0.3 5.0 116
PRO formula (calcium, D; & K) Lidl Czech Republic v.o.s. 5.3 0.4 5.0 106

Note: Values given as arithmetic means with appropriate standard deviations for five analyses.

CONCLUSION

In this contribution, the cyclic voltammetry of
cholecalciferol using GCE as well as disk PtE in
water-ethanol mixture and in pure ACN was performed
and evaluated to clarify its electrochemical reaction
mechanism. Under this study, it was found that
cholecalciferol is electrochemically oxidized in which
probably correspond to oxidation in delocalized electron
system of conjugated double bonds. This is confirmed by
the results obtained with quantum chemical calculations.

This paper also represents a secondary study on already
developed electroanalytical method to determine
cholecalciferol, commonly known as vitamin D;. In this
case, it can be concluded that that certain improvements in
analytical parameters were achieved, especially evident
extension of the linear range. On the other hand, an
analysis of more complex samples can not be done without
a time-consuming sample preparation consisting a
hydrolysis and subsequent extraction into a suitable
organic solvent as it is as is the case with standard
analytical method CSN EN 12821 (560047) based on
HPLC.
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EVALUATION OF QUANTITATIVE AND QUALITATIVE CHARACTERISTICS
OF SELECTED CELERY (APIUM GRAVEOLENS VAR. DULCE) VARIETIES IN

THE CONTEXT OF JUICES PRODUCTION
Ivana Mezeyovd, Alibeta Hegediisovd, Jdan Mezey, Miroslav Slosdr, Jan Farka$

ABSTRACT

Celery, Apium graveolens var. Dulce (Mill.) is a biennial plant, lesser used in Slovakia in comparison with celeriac, but
with increasing popularity because of its very health beneficial properties. The aim of the study was to evaluate quantitative
(yields) and qualitative (chlorophyll a and b, soluble solids) parameters in selected patioles of celery in the context of raw
juice production in a small-plot field experiment. Six varieties of celery (var. Dulce) were planted - "Helios”, "Red Soup”,
"Malachit”, “Verde Pascal”’, “‘Golden Self- Blanching” and “Celebrity”. The harvest was carried out twice a season in terms
of August and September. The chlorophyll a and chlorophyll b were determined spectrophotometrically, Total soluble
solids were estimated by the help of refractometer. The lowest values in yields reached "Malachit variety, the highest "Red
Soup” variety. In the evaluation of both harvests the “Celebrity” and “Golden S.” varieties showed the lowest chlorophyll
content. The total soluble solid content reached values ranging from 5.00 to 8.77 °BRIX, in the following order: “Celebrity”
<’Helios” <“Golden S.” < "Red Soup” <"Verde Pascal”. The term of harvest had significant influence on chlorophyll a and
b. The effect wasn’t confirmed on yields and soluble solids according to used statistical analyse. There were mainly other
kind of characteristics followed in previous scientific studies about celery (var. Dulce), such a flavonoids, vitamins,
minerals, fibre, the essential oils and phenolic acids, etc. Processing to juices or smoothies allow consuming of other

antioxidant — chlorophyll.

Keywords: celery; yields; chlorophyll; total soluble solids

INTRODUCTION

Celery, originating from the Mediterranean area of
southern Europe and from the swamps of Egypt and
Sweden Helaly et al. (2013) is comprised of three
cultivated forms: a) celeriac, Apium graveolens var.
rapaceum (Mill.) Gaud. Beaup., which is widespread
mainly in Central Europe; b) celery, Apium graveolens var.
Dulce (Mill.) DC., grown primarily in Western Europe and
the USA; and the least known c) leaf celery, Apium
graveolens L. var. secalinum Alef., which is mainly used
as a spice plant RozZek (2013). Apium graveolens L. is
particularly popular in Western Europe, Japan and in the
USA, where no celeriac is ever grown. It is a biennial plant
and it belongs to lesser known vegetables in Slovakia. In
the first year, a rosette of upright leaves and long,
sharpened stems is created, coloured to white, yellow or
green Uher et al. (2009). These long, three to seven
centimetres wide, strong flashy and juicy leaf stems
(petioles) are utility part of the plant Pekarkova (2004).
Celery petioles are an excellent part of healthy nutrition.
Celery is rich in a variety of nutrients like vitamins,
minerals and proteins and it has many pharmacological
efficacies, which make it an increasing popular vegetable

to consumers Fu et al. (2013). Compared to other types of
vegetable, it has low calorie content. It contains substances
that act anti-inflammatory. It is suitable for rheumatism
and arthritis MandZukova (2014). Herb contains aromatic
essential oil, which together with asparagine activates
diuretic effects Vanikova (2006). Celery contains
vitamins, minerals and aromatics and is considered to be
healthy and energy-rich vegetables. 100 g of celery
provides about 20 kcal, but 32 mg of vitamin C and 0.2 mg
of vitamin A (Rizzo and Muratore, 2009). It contains
many aromatic compounds, and some flavone glycosides
and volatile oils that provide a typical flavour of celery. In
the celery there are strong antioxidants, vitamins A, C and
E, in high representation also flavones Hostetler et al.
(2012). The content of flavonoids and other secondary
metabolites is high. Studies have shown that celery has a
high content of flavonols (glycosides), especially apigenin-
7-O-apiosylglucoside (apiin) Lin et al. (2007) and
malonylapiin, which can be transformed into apiine
Hostelter et al. (2012). MandZukova (2014) states that
celery is a good source of calcium, it contains vitamin C,
certain vitamins from B group, beta-carotene (provitamin
A), calcium, iron, magnesium, phosphorus. According to

Volume 12

No. 1/2018



Potravinarstvo Slovak Journal of Food Sciences

Vaughan et al. (2009) celery contains 95 percent of water,
therefore there are few proteins, fat and sugar, but many of
minerals, some carotenes, vitamin E, and vitamin B
complex, the vitamin C content is low 8 mg.100 g
Celery is considered to be beneficial for the digestive tract
and the cardiovascular system. It has the ability to reduce
the level of bad LDL cholesterol in the body due to
substances called phthalides. Phthalides trigger the
production of bile acids that lower the level of LDL
cholesterol in the blood Rizzo and Muratore (2009). In
addition, flavonoid luteolin prevents the growth of tumours
due to its anti-inflammatory and diuretic effects Hostelter
et al. (2012). Freshly pressed fruit and vegetable juices are
an excellent source of minerals and vitamins that catalyse
chemical reactions that occur in the body. These enzymes
also produce energy for the digestion, absorption and
conversion of food into the body tissues. An increased
intake of fruit and vegetable juices ensures that the human
body will absorb more minerals and vitamins. Another
useful benefit of fruit and vegetable juices is their ability to
promote detoxification of the human body (Gbasouzor
and Okonkwo 2014). Juices supplies antimicrobials,
antioxidants, diuretics, chlorophyll. Celery juice is
strongly alkaline and helps to prevent acidosis, high blood
pressure, headaches, heartburn, constipation and
flatulency; it has also strong anti-inflammatory properties
(Hostetler, 2012). It has also been reported celery juices
are reducing systolic and diastolic blood pressure
(Tabassum, 2011, Liu, 2016). The aim of the study was to
evaluate quantitative (yields) and qualitative (chlorophyll a
and b, soluble solids) parameters in selected patioles of
celery in the context of raw juice production.

MATERIAL AND METHODOLOGY
Location and description of the experiment

Small plot field experiment with celery was conducted in
areal of the Department of Vegetable production, SUA
Nitra, in 2016. The total area of the field trials was
32.5 m’. Sowing and growing of seedlings were carried
out in greenhouses of Botanical Garden of Slovak
University of Agriculture, in Nitra.

Climate conditions
The city of Nitra belongs to mild climate area with
varying weather characteristics. The meteorological data

from the site of trial were provided by the Department of
Biometeorology and Hydrology, HLEF, SUA, in Nitra are
presented in Table 1.

Characteristics of selected celery varieties

Helios - It is a medium-sized variety of celery (Apium
graveolens var. Dulce). It produces strong, long, meat
stems. It is suitable for salads, soups, sauces and meat.

Red Soup - It is an attractive red type of celery (Apium
graveolens var. Dulce) that, as the name suggests, adds a
delicious flavor. It is also excellent with shoots or with leaf
roots.

Malachit — It is a semi-high non-hybrid variety with dark
green leaves. The stems are strong, meaty, long and
upright, weak to medium green without anthocyanins.
Vegetation time is 80 to 90 days from planting. The
recommended growing spacing is 40 x 35 cm or 40 x 40
cm.

“Verde Pascal” - It is a world-wide grown variety. It
produces coarse, long, medium-green coloured petioles
with dark leaves. It grows to a height of 60 cm. It requires
sandy — aluminous to aluminous soils, lighter to moderate
with high humus content and a good supply of calcium.
Vegetation time is 80 — 85 days.

‘Golden Self- Blanching” - This is a dwarf variety with
tasty, golden-yellow heads and one requiring no earthing-
up.

“Celebrity” - A self-blanching type with short stalks.
Quick to mature for the earliest outdoor crops, it has
consistently high yields of superb quality stalks with a
lovely flavour. Has very little stringiness.

Planting

Healthy, well developed celery seedlings were planted on
pre-prepared soil on 16" of May, 2016 into a cultivation
spacing 0.50 x 0.60 m. Six rows were planted (one row of
each variety), with 12 plants planted in one row.

Treatment of the crop

During vegetation a manual trapping was carried out
against weeds and for removal of the soil crust. There was
regular irrigation in the morning. During the vegetation, no
herbicide was applied; on 24™ of July, 2016 fungicide
(Kuprikol 40g / 5 1 water) against septoriosis was done.

Table 1 Monthly assessments based on climatic normal temperatures and long-term precipitation averages (1961-1990),

Nitra, 2016.
Month t [°C] characteristic Z [mm] characteristic
V. 15.0 normal 91 very wet
VI 20.3 very hot 14 extra wet
VIIL 21.4 hot 135 extra wet
VIIL 19.5 normal 35 dry
IX. 17.5 hot 37 normal

Table 2 Agrochemical characteristics of the soil before the experiment establishment in mg kg™, Nitra, trial place, 2016.

pH Nan Nutrient content in mg.kg”" (MehLIII) %0
mg.kg” P K Ca Mg of humus
7.17N 13.0S 1425V 565 VV 14750 VV 7409 VV 4.14V
7.14 N 13.0 S 198.8 VV 487.5VV 14900 VV 767.5VV 4.17V

Note: pH: N — neutral, nutrients: VN — very low content, N — low content, S — medium content, D — good content, V — high content,

VV — very high content.
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Fertilization of the crop

On the basis of agrochemical analysis of the soil the
nitrogen was added (Table 2). It was applied in the form of
a fertilizer DASA 26/13 in dosage 1.4 kg/ 32.5m? before
the planting, after the planting and after the first harvest, it
was applied in the form of ammonium (LAD 27) in
dosages 0.45 kg/32.5m2.

Harvesting and post-harvest treatment

The harvest of the celery was carried out twice a season
(en block). The first harvest took place on 4™ of August,
2016 and the second one on 6" of September, 2016. The
harvest was carried out mechanically (by knife); the whole
plants were cut just above the surface of the soil. After
harvest each variety was prepared for analysis according to
the chosen methodology Hegediisova et al. (2015).

Determination of quantitative and qualitative
parameters

Determination of yields

After harvest the petioles were weighed in the handling
room of the Department of Vegetable Production. The
weighed samples were recalculated to the yields in t.ha™.

Estimation of chlorophyll a and chlorophyll b content
The chlorophyll @ and chlorophyll b were determined
spectrophotometrically ~ (Spektralquant PHARO 200)
laterally in the acetone extract on the wavelengths 649 nm
and 665 nm in homogenisated fresh plant (150 — 200 g)
Hegediisova et al. (2015). Number of analysed samples
for average content of chlorophyll @ and » was 10 in case
of each variety.
Total soluble solids estimation
The juice from the homogenized sample was squeezed on
the dry block of the digital hand-held refractometer (Kern
ORD 45BM, Balingen, Germany). The value of soluble
solids was directly read. Measurement was performed at
room temperature according to Hegediisova et al. (2015).
Ten samples were analysed for average content soluble
solids in case of each variety.

Statistical analysis

A statistical analysis was performed by using of the
Statgraphic Centurion XVII (StatPoint Inc. USA).
Obtained results were evaluated by analysis of variance
(ANOVA) and average values were tested by LSD test
performed at the significance level of 95%.

RESULTS

Values of the celery yields ranged from 27.99 tha
(‘Malachit’) to 47.33 tha' (‘Golden S.) in first harvest
and from 21.01 tha’ (‘Malachit’) to 51.03 tha' (‘Red
Soup”) in second harvest as it is figured in Table 3. When
comparing data from both harvests in average there was
noticed statistically significant difference (p <0.05)
between tested varieties. The lowest values in yields
reached “Malachit” variety (24.50 t.ha™"), the highest "Red
Soup” variety (47.01 t.ha™). Based on the crop yields there
was found that for the earlier term of harvest (in August)
were more suitable varieties ‘Malachit” and “Golden Self-
Blanching’, as they had a higher yields - “Malachit” about

2493% and the °‘Golden S.” variety about 11.22%
compared to the their second harvest. In later harvest term
(in September) “Helios”, ‘Red Soup’, "Verde Pascal” and
“Celebrity” reached higher yields than from the first
harvest about 6.91%, 18.70%, 5.20% band 9.17% in the
following order. By the statistical analysis of all the data,
differences between the first and the second harvest
weren't evaluated as significant (Table 3).

The chlorophyll content ranged from 7.21 to
76.55 mgkg' (Table 4) in the first harvest, where the
lowest content reached the “Celebrity” variety and the
highest "Helios” variety. In the second harvest, the lowest
values of chlorophyll a were again in the case of the
“Celebrity” variety (9.52 mg.lOOg'l). The changes in the
chlorophyll content were in case of Malachite variety,
where it reached the highest value 97.70 mg.100g™". In the
evaluation of both harvests, the “Celebrity” and “Golden
S.” varieties showed the lowest chlorophyll values. The
differences in the chorophyll content of these varieties
were significantly lower compared to the other estimated
varieties according to the statistical analysis. In terms of
chlorophyll a values, there were significant differences
between the observed two harvests. For all tested varieties
(except of the “Helios”) the chlorophyll a content was
increased in the second harvest, the most visibly in case of
Malachit variety (increase about 152.13% in the second
harvest).

According to Table 4, the content of chlorophyll & in
observed varieties of celery ranged from 3.46 mg.100 g
(“Celebrity”) to 50.06 mg.100 g" (“Helios”) in the first
harvest and from 3.38 mg.100 mg.100 g (“Celebrity”) to
51.04 mg.100 g ("Malachite”) in the second harvest. The
white petioles of the celery are usually grown to obtain the
smallest amount of chlorophyll because of delicious taste.
From this point of view, based on our results, the
‘Celebrity” and ‘Golden S.” varieties were the most
suitable in case of both harvests, as well as in case of both
observed pigments (chlo a and chlo b). Due to the different
purpose of the study - aimed to increasing of the
chlorophyll content as an antioxidant with using in
processing to juices or smoothies, the "Helios” variety
should be harvested in August, because there was
significant reduction (p <0.05) of chlorophyll 5 (about
42.47%) in the second harvest (in September), as well as in
case of chlorophyll a (decrease about 41.39 %). On the
contrary, ‘Red Soup’, "Malachite” and “Verde Pascal”
varieties are more interesting during the second harvest,
because there was a significantly increase of chlorophyll b
content during the second harvest about 19.17%, 82.35%
and 38.74% respectively at tested p value <0.05. The
similar increase was found also in case of chlorophyll a.
The total soluble solid content according the Table 5
reached values ranging from 5.00 to 8.77 °BRIX, the
average values counted from both harvests moved in the
following order: “Celebrity” (5.30 °BRIX) <"Helios” (6.83
°BRIX) <“Golden S.” (7.18 °BRIX) <’Malachite” (7.58
°BRIX) <"Red Soup” (7.82 °BRIX) <“Verde Pascal” (8.47
°BRIX). The harvest term did not affect the soluble solids
content since the differences between the first and the
second harvest were not statistically significant (p <0.05)
according to the chosen methodology.
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Table 3 Influence of variety and term of harvest on the the crop yields of tested celery varieties (t.ha™).

Variety 1" harvest® 2" harvest * Average
“Helios” 35.00 +2.59" 37.42 +1.41™ 36.21 +2.62™
‘Red Soup” 42.99 +2.66° 51.03 +0.93¢ 47.01 +1.72°
‘Malachit” 27.99 +0.88" 21.01 +2.68° 24.50 +1.42°
“Verde Pascal’ 32.33 £1.42% 34.01 +3.10° 33.17 +0.83°
“Golden S.” 47.33 +4.23° 42.02 +1.08° 44.68 +3.43¢
“Celebrity” 36.66 +1.50 40.02 +2.22° 38.34 +1.73°

Note: a, b, A, B — Different letters in the upper index represent a statistically proven difference (p <0.05, LSD test, ANOVA), Statgraphic XVIIL

Table 4 Average content of chlorophyll a (mg.kg™") in selected varieties of tested celery varieties.

Variant 1" harvest 2" harvest ® Average
"Helios” 76.55 +3.73° 54.14 +£3.57° 67.59 +12.68°
‘Red Soup” 39.39 +3.66° 67.25 +6.64 50.54 +15.83"
‘Malachit” 38.75 +3.62¢ 97.70 £16.08° 62.33 +33.37™
“Verde Pascal’ 35.92 +0.75¢ 59.00 £0.65" 45.15 £12.66"
* Golden S.” 13.50 +1.90° 16.01 +1.47* 14.50 +2.06"
“Celebrity” 7.21 £0.99°* 9.52 +0.73 8.14 +1.49°

Note: a, b, A, B — Different letters in the upper index represent a statistically proven difference (p <0.05, LSD test, ANOVA), Statgraphic XVII

n = average content = 10 measurements.

Table 5 Average content of chlorophyll b (mg.kg™) in selected varieties of tested celery varieties.

Variant 1" harvest * 2" harvest ® Average
“Helios” 50.06 +2.20° 28.80 +3.05" 41.56 £11.84°
‘Red Soup” 27.23+2.23° 32.45+3.10° 29.32 +3.61b°
‘Malachit” 27.99 +2.43¢ 51.04 £7.32° 37.21 £13.26™
“Verde Pascal’ 22.43 027" 31.12 20.63° 25.90 +4.78"
* Golden S.” 7.80 £0.62° 9.06 +0.69° 8.31 +0.89°
“Celebrity” 3.46 £0.58" 3.38 £0.34° 3.43 £0.45"

Note: a, b, A, B — Different letters in the upper index represent a statistically proven difference (p <0.05, LSD test, ANOVA), Statgraphic XVII

n = average content = 10 measurements.

Table 6 Average content of total soluble solids (°BRIX) in selected varieties of tested celery varieties.

Variant 1" harvest * 2" harvest * Average
“Helios” 6.47 +£0.74° 7.20 £0.10 6.83 £0.62°
‘Red Soup’ 7.97 £0.31° 7.67 £0.06™ 7.82 £0.26°
‘Malachit” 7.07 £0.25° 8.10 £0.30° 7.58 £0.62%
“Verde Pascal’ 8.17 £0.15° 8.77 £0.57° 8.47 +0.50°
“ Golden S.” 7.07 £0.60° 7.30 £0.20° 7.18 £0.42"
“Celebrity” 5.00 £0.10° 5.60 £0.17° 5.30 £0.35°

Note: a, b, A, B — Different letters in the upper index represent a statistically proven difference (p <0.05, LSD test, ANOVA), Statgraphic XVII

n = average content = 10 measurements.

DISCUSSION

Celery (Apium graveolens var. Dulce) is harvested as a
whole plant followed by the root removing. The petioles
are used for consumption. According to Petfikova (2012)
the weight of one plant is 500 - 800 g, yield from 1 ha is
35 — 50 t.ha’l, which corresponds to our results.
Differences in yields in the two harvests were not
significant (p <0.05), which is in accordance to the
research of quantitative characteristics in case of Guerra

et al. (2010), where no differences in the morphological
characteristics measured (total weight, total length, total
leaf number and petiole length) were found between the
two maturity stages (HD1 — 93 days after transplantation
and HD2 — 124 days after transplantation). Varietal
differences in crop yields have been confirmed, it is
necessary to monitor also the qualitative characteristics of
celery in terms of using for juices and smoothies. There
were mainly other kind of characteristics followed in
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previous scientific studies about celery (var. Dulce), such essential oils and phenolic acids Helaly et al. (2013), etc.

flavonoids (Li et al. 2014), vitamins (ValSikova et al. Processing to juices or smoothies allow consuming of
2016, Mezeyova et al. 2017), minerals (Sheng et al. 2009, other antioxidant — chlorophyll. That is the reason of five
Moghadam et al., 2016), fibre Abd El-Mageed (2011), lesser known varieties testing. Self-blanching petioles of

Volume 12 177 No. 1/2018



Potravinarstvo Slovak Journal of Food Sciences

celery were not in the attention of scientists in the frame of
chlorophyll monitoring, the data are not available. The
content of chlorophyll was on the other hand tested in
leafy celery (var. Secalinum). In research of Helaly et al.
(2015) they tested 3 leaf celeries. Their values moved from
1.20 to 2.15 mg.g"' FW in the first harvest year and from
1.24 to 2.20 mg.g' FW in the second harvest year. In
comparison with our results their values are higher, but in
juices the petioles are occurred in higher amount than in
case of the herb using for cooking. Variability influence
plays the role in increasing of the celery (var. Dulce)
quality, but importatnt is also using of suitable processing
ways (storage, cutting, squeezing conditions, etc.) to
conserve the chlorophyll as well as other antioxidants and
nutritionally valuable compounds. Such as according to
Manzocco et al. (2009) by the help of light treatment,
which has been reported as a novel preservative approach
that is cheap, nontoxic, free of residuals and environment-
friendly in comparison with traditional methods. In study
of Zhan et al. (2013) exposing fresh-cut celery to light
preserved 47% and 48% more chlorophyll a and
chlorophyll b content than in darkness during storage,
respectively, light exposure significantly maintained sugar
content of fresh-cut celery during storage. Exposing
petioles to light resulted in 17%, 25% and 67% more
sucrose, reducing sugar and glucose contents than in
darkness at the end of storage. Our values of total soluble
solids content were compared with the values of celeriac,
as the studies of celery are not very extensive. According
to Kreck et al. (2006) celery juices were made of different
Apium graveolens L. cultivars cultivated at different
irrigation levels. The soluble solid was highly dependent
on the cultivar. In genuine juices from cultivar "Monarch"
a lower concentration of soluble solids (7.83 °BRIX) was
detectable, whereas in juices from "Bergers weifle Kugel"
higher Brix values (10.25 °BRIX) were obtained. This is
reflected by the sugar content, i.e. glucose; fructose and
saccharose concentrations were dependent on the variety.
Variation in soluble sugars (sucrose, glucose, and fructose)
was observed in the celery accessions according to Helaly
et al. (2015). Fructose was the most abundant sugar
detected in the accessions during the first harvest and
glucose was the most abundant in the second year. In study
of Nadwodnik et al. (2008) celery and common plantain
were selected because much of what is known about the
transport of mannitol and sorbitol has come from studies
of these plant species, and more recently, the relevant
transporters for sucrose as well as for sugar alcohols were
cloned from these species.

CONCLUSION

Celery (Apium graveolens var. Dulce) is used in salads,
smoothies or in juices because of its high content of health
positive compounds such vitamins (A, D, E, K, C, group
of B vitamins), minerals, mainly calcium, iron, potassium,
sodium or phosphorus as well as carbohydrates in small
amount. In common the consumer is looking for white
kind of celery, because of its mild and pleasant taste, but
with more intensive popularity of juices and smoothies,
varieties with higher content of chlorophyll started to be
also interesting. Varieties ‘Helios”, "‘Red Soup”, "Malachit”
and "Verde Pascal” can be consumed in combination with
other ingredients of fruity — vegetable juices with benefit

of higher antioxidant impact of chlorophyll a and b. The
stalks of “Golden S.” and “Celebrity” varieties with lower
chlorophyll content are more suitable for classical raw or
lightly cook using.
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INTERACTION OF POLYPHENOLS AND WINE ANTIOXIDANTS WITH ITS
SULFUR DIOXIDE PRESERVATIVE

Lukas Snopek, Jiri Micek, Viastimil Fic, Irena Hlavacova, Soiia Skrovankovd, Miroslay FiSera,
Helena Velichova, Monika Ondradsova

ABSTRACT

Wine is considered to be a significant alcoholic beverage, which is the result of fermentation of grape must or mash. Wine
is a must when the substances contained in it play a major role, which are essential inhibiting water, carbohydrates, acids,
minerals, nitrates, polyphenols and aromatics. These biochemical components are an important tracking element in wine
evaluation in terms of chemical analyzes. An important parameter of monitoring is polyphenolic substances. Polyphenol
substances are identified in plant materials as several thousand pieces with a very diverse structure. However, they have a
common feature up to one or more aromatic rings substituted with hydroxyl groups. These substances may be present in
plant material in a small or large amount. The total daily intake of polyphenols is estimated at 1 g. This is a higher intake
than antioxidant vitamin intakes and it is confirmed that their antioxidant activity is higher than that of antioxidant
vitamins. When monitoring the content of all polyphenols (TPC) in selected samples using a spectrophotometric method, a
higher TPC content of red wines against white white wines can be observed. Total antioxidant activity is introduced to
compare antioxidant effects of different mixtures and is based on the ability to eliminate radicals. Antioxidant activity and
effects of polyphenols can be inhibited by the addition of preservatives to wine. The preservative is sulfur dioxide (SO»),
which has antimicrobial and antioxidant effects. This compound is not harmless because it is a strong allergen, blocks
bacteria in the digestive tract and prevents the conversion of sugars and alcohol derivatives in the liver by blocking vitamin
B. In the normal life, SO, is consumed under the E 220 mark. The aim of this work is to monitor the change in the total
polyphenols content related to free and bound sulfur dioxide (SO,) content using accredited OIV-MA-AS323-O4B: R,
2009 samples in wine samples. Comparison of organic wines and wines produced by classical, it was found that organic
wine have a higher content of biologically active substances and have a strong correlation factor TAA - total SO, (r = 0.77
to 0.91), depending on the wine variety.

Keywords: total polyphenol, antioxidant aktivity, organic, red wine, white wine

INTRODUCTION

Grape vines and, above all, their product of production -
wine is considered to be a significant alcoholic beverage
resulting from the fermentation of grape musts or grapes,
which has retained its popularity for many millennia
(McIntyre et al. 2015). Production is divided into several
technological steps, including grape harvesting, cropping
and crushing, pressing, fermentation, apple fermentation,
training and bottling. Wines are characterized by the high
content and essential role of inhibiting water,
carbohydrates, acids, minerals, nitrogenous substances,
polyphenols and aromatics. For example, aromatic
substances can be classified into aromatic substances from
grapes resulting from fermentation and occurring during
wine maturation. They play a significant and notable part

in the choice of wine by the consumer, as this is the first
impression the wine customer will acquire. Important
biologically active substances of the wine are polyphenols
(Del Pino-Garecia et al. 2016). These are mostly contained
in red wines, to a lesser extent in white wines (Baj¢an et
al. 2016). For example, the content of significant
polyphenol resveratrol is reported in white wines ranging
from 0.2 — 0.8 mg.L"', on the other hand in red wines
2-6 mg.L'l (Kyselakova et al. 2003). Red wine contains
many bioactive polyphenols such as resveratrol,
anthocyanins, catechins, and tannins that do not originate
in grapes, but in oak barrels, where red wines often mature
(Panchal et al., 2013). Polyphenolic substances, especially
reseratrol, in cooperation with other components of wine
(alcohol, etc.) are attributed to a positive effect on human
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health. Some studies show positive effects on
cardiovascular system, oxidative stress, cholesterol, and
others (Gea et al., 2014; Karadeniz et al. 2014). This
research is carried out using spectrophotometric techniques
using for example the DPPH method, the reaction of the
test substance with a stable free radical of 1,1-diphenyl-2-
picrylhydrazyl, for antioxidant capacity (Bajéan et al
2017). An important component of the wine is the
preservative and inhibiting agent sulfur dioxide (SO,) or
E220. In wine we can find it both in the form of
endogenous, which is created during fermentation, and
above all as exogenous. Exogenous, non-bound SO, is
added in various technological operations. Bonded sulfur
dioxide is formed by the enzymatic transformation of
sulfur compounds (sulfur amino acids - cysteine, cystine,
methionine, glutathione, free elemental sulfur, etc.) by the
action of Saccharomyces, in addition to a number of other
metabolites, in the unsaturated grape juice itself, but
mainly during the alcoholic fermentation cerevisiae. SO,
has both strong antimicrobial effects but also primarily
reductive (antioxidant) effects. Most antimicrobial and
antioxidant effects are usually attributed to free SO,.
Sulfur dioxide is mainly used in the form of gas, but also
an aqueous solution of sulfuric acid or hydrogen sulphide
or a powder. Due to its properties it is very well soluble in
water. At 20 °C, 39 liters of SO, are dissolved in 1 liter
(Valasek et al. 2014). The formation and development of
bound sulfur dioxide depends on a number of factors
(formation during fermentation of wine) (Romano et al.,
1993) and may range from several mg. L™ to 30 mg. L' in
extreme conditions, bound sulfur dioxide may occur at
concentrations up to 100 mg. L' (Rankine et al., 1969;
Eschenbruch 1974; Dott et al., 1976; Suzzi et al., 1985).
Concentration of bound SO, along with free SO, produced
microorganisms during alcoholic fermentation is often
critical to the course of malolactic fermentation (Henick-
Kling et al. 1994). Endogenous sulfur dioxide is present
mainly in the form of bound but in small amounts also free
sulfur dioxide (Wells et al., 2011). The presence of both
forms should be taken into account when exogenous sulfur
dioxide is dosed. By classical iodometric titration using
accredited methods OIV-MA-AS323-O4B: R, 2009 (OIV,
1990) the content of free and bound sulfur dioxide in wine
was monitored. At the same time corrections were made
for the presence of reducing agents (reducers).

Scientific hypothesis

Wine is a very popular alcoholic beverage spread
throughout the world. The aim of this research was to
present the results of analyzes in monitoring the interaction
of sulfur dioxide and biologically active substances
contained in wine. In the experiment were used three
varieties of white wine and red wine standard or made
oraganic form in the wine region of Moravia, Czech
Republic.

MATERIAL AND METHODOLOGY

Samples of wine

Samples of used white and red wines come from different
wineries from the wine region of the Moravian, Mikulov,
Slovacko and Velkopavlovice subregions, which includes
more than 13 000 hectares of vineyards. There are

approximately 18,000 small, recreational or professional
growers here. The average annual temperature is 9.42 °C,
the annual precipitation diameter is 510 mm and the
average annual sunshine is 2244 hours according to the 78-
year average found at the Winery Brewery in Velké
Pavlovice. The climate is transient with an incline towards
the inland, with occasional invasions of humid Atlantic air
or even ice from the inland. The growing season is a bit
shorter than in Western Europe. White wines produced
according to classic methods of Riesling, Pinot Blanc and
Veltliner. Red wines of Pinot Noir, André and Frankovka.
In addition, organic wines were used, namely white wines
of the Veltliner, Pinot Blanc and Riesling wines, red wines
of the Pinot Noir, André and Frankovka varieties. All of
these wines were produced and are produced in the year
2016. Five samples of an identical batch of wine were
collected and analyzed from each wine variety. In total,
sixty samples of classical and organic wines were
analyzed.

Chemicals and laboratory equipments
Standardization of iodine solution

Sulfuric acid (H,SO,), starch (Penta s.r.o. Ing. Petr Svec,
Prague, Czech Republic), Potassium iodide (KI),
Potassium dichromate (K,Cr,05), and Sodium thiosulfate
(NayS,0;) (Ing. Petr LukeS, Uhersky Brod, Czech
Republic)

Determination of SO, by OIV-MA-AS323-04B : R 2009
Sulfuric acid (H,SO,), starch (Penta s.r.o. Ing. Petr Svec,
Prague, Czech Republic), Sodium hydroxide (NaOH),
EDTA 3, Acetaldehyde, Iodine (I,) (Ing. Petr Lukes,
Uhersky Brod, Czech Republic), ordinary laboratory
glassware and equipment, stopwatch, 25 mL burette
digital, lamp.

Determination of total polyphenol compounds (TPC)
Distilled water, Folin—Ciocalteu reagent (FCR) (Penta
s.r.o. Ing. Petr Svec, Prague, Czech Republic), Sodium
carbonate (Na,COs;) (Ing. Petr Lukes, Uhersky Brod,
Czech Republic).

Determination of total antioxidant ativity by DPPH
metod

Methanol, 1,1-Diphenyl-2-picryl-hydrazyl =~ (DPPH)
(Penta s.r.o. Ing. Petr Svec, Prague, Czech Republic)

Spekctrophotometric methods

Spectrophotometric measurements were performed on a
Lambda 25 UV-VIS spectrophotometer (PerkinElmer,
USA) in 10 mm optical quartz cuvettes.

Methods

Determination of free SO,

50 mL of wine sample is pipetted Into a 500 mL
volumetric flask, we add 3 mL of 16% H,SO,, 1 mL
EDTA 3 solution having a concentration of 1%, 5 mL of
starch solution is titrated against a white background I,
solution having a concentration of 0.02 mol.L™' to blue
color. The obtained power consumption is used in the final
calculation (V1).
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Determination of total SO,

After titration of free SO, we add to a sample 8 mL
NaOH solution at a concentration of 4 mol.L'l, after 5
minutes we add 10 mL of 16% H,SO, solution titrated
with iodine. We use final consumption to calculate (V2).
Then we add 20 mL of NaOH, and 200 mL of distilled
water after 5 minutes, 30 mL of 16% H,SO, solution and
titrate with iodine to a blue color. We get V3 consumption.

Correction for reductones

We measure out 50 mL wine sample, 1 mL of 1%
formaldehyde, and after 30 minutes add 3 mL of 16%
H,SO,4, 1 mL EDTA 3 solution having a concentration of
1%, 5 mL of starch solution and titrate against a white
background I, solution having a concentration of 0.02
mol.L"! to blue color. With this step, we get V4
consumption.

Calculation concentration SO, (mg.L’l)
Concentration of free SO, ¢ = (V1-V2).f.12,8

Concentration of total SO, ¢ = (VI1+V2+V3-V2).f.12,8
12,8 — coefficient for conversion to SO, when used 0,025 M I,

Determination of total polyphenol content (TPC)

To determine the total content of phenolic compounds
(TPC), a spectrophotometric method using Folin-
Ciocalteau reagent based on to reduce the
phosphomolybdate-tungsten ~ complex by  phenolic
substances in an alkaline medium. The modified method of
Singleton and Rossi (1965) according to Sumczynski et
al. (2015) was used. Determination was performed at a
wavelength of 765 nm after a 30 min incubation. The total
content of phenolic substances was expressed as gallon
(GAE) in mgL". The repeatability of the assay was
verified on 10 parallel determinations for cm = 0.5 g.L"' of
tannin. The calibration dependence A = f (cm) was
constructed using six calibration solutions. For the
preparation of calibration solutions, we dispense
approximately 20 mL of distilled water into four 50 mL
volumetric flasks and pipette 0.4; 0.6; 0.8; 1.0 mL of
standard solution, add 1 mL of Folin-Ciocalteau and mix.
After 3 minutes add 5 mL of 20% Na,COj; solution, make
up to the mark with distilled water and mix. After 60
minutes, we measure the intensity of the staining in a 10
mm cuvette at 765 nm against the blank
spectrophotometrically. In the same way, determine the
absorbance of the samples. According to the regression
curve equation we calculate the polyphenol content
expressed as mg gallic acid (GAE).L™".

Determination of total antioxidant ativity by DPPH
metod

Total antioxidant activity was assessed by modification
method of Rop et al. (2010). First, a stock solution was
prepared by dissolving 24 mg of DPPH in 100 mL of
metanol. A working solution is then prepared from the
prepared stock solution by mixing 10 mL of the stock
solution and 45 mL of methanol. Subsequently, the
working solution thus prepared is spectrophotometrically
measured at a wavelength of 515 nm against methanol as
blank. A sample of 450 pL of wine was pipetted into a test
tube and then 8.55 mL DPPH working solution was added.
After 60 minutes of incubation in the dark, the sample was

measured spectrophotometrically at said wavelength.
Absorption loss was recalculated using the linear
regression equation to equivalent Trolox (TE).L™".

Statisic analysis

Results are reported as mean values with standard
deviation (SD). Differences between observed results were
detected by t-test (Statistica, 2018, StatSoft, Inc., USA).
A p <0.05 (*) and p <0.01 (**) was considered statistically
significant.

RESULTS AND DISCUSSION
Free SO,

Free sulfur dioxide (Table 1) in test samples of standard
white wines ranges from 5.37 to 11.14 mgL™". The
smallest content was found in the white wine of the
Riesling variety, on the contrary, the white wine of the
Pinot Blanc variety. The content of free SO, in white
organic wines ranged from 0.41 to 0.69 mg.L™". The least
free SO, was determined in the white organic wine of the
Veltliner variety, most notably Pinot Blanc. There is
already a distinction between standard and organic wine
with a different free SO, content of up to 10.73 mg.L™".
The most significant difference can be seen (Table 1;
Table 3) for the Pinot Blanc and organic Pinot Blanc
varieties (p <0.01), with a difference of 10.45 mg.L‘I free
SO,. If we compare the achieved values (Table 1) with a
study of sulfur dioxide (Valasek et al., 2014), which gives
the value of free SO, in Riesling 23 mg.L", Veltliner
33 mgL"' and Pinot Blanc 28 mg.L"', our analyzed
samples achieves significantly lower free SO, values in the
same wine samples from the same wine region and sub-
region. For samples of red wines (Table 2) we can observe
free SO, content in the range of 0.83 - 32.19 mg.L"". Both
of these values are recorded for red wine of the Pinot Noir
variety, the lower of which was determined for organic
wines. Ivanova et al. (2015) provides a comparison of free
SO, in Pinot Noir, the conclusion of their study suggests a
free SO, content of 11.52 mg.L™".

Total SO,

Total SO, was determined after deduction of reductons.
In standard wines (Table 1) the content ranges from
13.00 — 53.40 mg.L" total SO,. The lowest content was
recorded for organic Pinot Blanc wine (13.00 mg.L'l), on
the other hand, most of the Riesling organic wine
(25.10 mg.L"). For standard production wines, the lowest
value is found for Riesling wine (29.78 mg.L’l), most
notably for Veltliner (53.40 mg.L™"). In red vines, large
differences in total SO, content can be seen. Valasek et al.
(2014) shows the values of Pinot Blanc 148 mg.L'l,
Riesling 119 mg.L" and Veltliner 236 mg.L™" as compared
to the established values (Table 1). The difference between
the smallest and the highest content is about 110 mg.L"
total SO,. At the same time, the highest content was
determined at Frankovka (135.95 mg.L"), at least at
Frankovka organic (2440 mgL"). The maximum
permitted amount of total SO, as laid down in Commission
Regulation (EC) No. 606/2009, which sets the maximum
SO, content in silent white wines at 200 mg.L", in red
wines at 150 mg.L™". For wines with residual sugar greater
than 5 g.L", the maximum value for white wine is
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250 mg.L" and in red for 200 mg.L". Therefore, if we
compare all the aspects with the wine samples mentioned
above, it is necessary to state that all the set values are
inferior and above all organic wines, which show up to 10
times lower SO, than the allowed limit.

Total polyphenol

A spectrophotometric method using the Folin-Ciocalteau
reagent was used to determine the total polyphenols in
wine and organic wine samples, using gallic acid as the
standard. For the wines tested, the higher value of the total
polyphenols was predominantly for organic wines, for all
their samples, both white and red. For whites of white
wines, Veltliner organic predominates with 678.78 mg
GAE.L", at least Riesling 203.06 mg GAE.L' Asa result,
the difference with wine with the highest total
polyphenols, Veltliner and Veltliner organic, is more than
200 mg GAE.L"'. Red wines have up to 2 to 3 times the
white content of total polyphenols against white wines,
this being determined by the production process and,
above all, the biological properties of the grape vine itself.
As can be seen (Table 2), the highest value was
determined for the André organic sample (1349.12 mg
GAE.L"), more than 400 mg GAE.L" was the lowest

value of the total polyphenols determined for the
Frankovka wine produced by the standard procedure.
Spakovska et al. (2012) indicates the value of 256 mg of
GAE.L" as the average content of total polyphenols in
selected white wine samples. Pinot Blanc in the research
reached an average value, according to the results obtained
(Table 1) it is possible to observe a higher content of
polyphenols in grape varieties mentioned by about 100 mg
GAE.L’I, Pinot Blanc organic records almost double the
content. On the contrary, Lap¢ikova et al. (2017) presents
the content of total polyphenols in samples Riesling (1085
mg GAE.L™") and Veltliner (732 mg GAE.L™). These very
high values of total polyphenols in our research do not
reach even the favored organic wines. The reason for this
can be laid to the south wine region, different soil
composition and meteorological conditions.

Antioxidant activity

To determine the antioxidant activity of wine samples, a
DPPH method was used which is based on the reaction of
the test substance with the stable 1,1-difenyl-2-
picrylhydrazyl radical and the trolox standard. Results
from Table 1 and Table 2 confirm the statement in the
previous chapter that higher antioxidant activity is noted in

Table 1 Comparison of free, fixed and total sulfur dioxide, total polyphenols and antioxidant activity in samples of

standard and organic white wines (n =5).

. . Free SO Fixed SO Total SO TPC TAA
White wine (mg.L")iS:) (mg.L") 45D (mg.L") 45D (mg GAE.L") +SD (mg TE.L") +SD
Pinot Blanc 11.14 +1.88 50.59 +2.21 42.13 £2.24 317.76 £14.26 559.85 +65.05
Pinot Blanc organic 0.69 +0.20 18.85 +0.38 13.00 +£0.18 405.12 +6.07 674.55 +6.61
Riesling 5.37 +0.32 34.80 +1.10 29.78 +1.08 203.06 +£7.79 445.75 +1.60
Riesling organic 0.63 +0.07 28.51 +0.62 25.10 +1.28 319.72 +6.62 508.50 +3.62
Veltliner 9.33 £3.96 58.40 +2.58 53.40 +2.32 445.45 +6.53 685.13 +15.81
Veltliner organic 0.41 +0.02 21.19 +0.66 15.16 +0.66 678.78 +18.65 806.28 +11.65

Table 2 Comparison of free, fixed and total sulfur dioxide, total polyphenols and antioxidant activity in samples of

standard and organic red wines (n = 5).

Red wine Free SO, Fixed SO, Total SO, TPC TAA
(mg.L)xSD (mg.L") +SD (mg.L") +SD (mg GAE.L™") +SD (mg TE.L") +SD

Frankovka 28.52 +4.98 154.73 £3.83 135.95 +4.90 905.21 £3.85 2123.31 £24.91
Frankovka organic 0.87 £0.07 30.00 £0.82 24.40 £0.56 1020.52 £14.75 2570.92 +78.41
André 26.88 £1.56 125.97 +4.52 111.11 +4.30 1130.96 £35.37 2312.99 + 18.17
André organic 1.04 £0.06 35.11 £1.28 30.01 £1.23 1349.12 £28.01 2529.25 +33.73
Pinot Noir 32.19 £0.80 134.52 £3.06 103.54 +4.03 1046.30 £57.81 1862.01 +47.89
Pinot Noir organic 0.83 +£0.10 37.5 +0.82 32.17 £0.80 1300.04 +£12.89 2039.22 +49.29
Note: Table 1 and Table 2: SO, — sulfur dioxide; Total SO, after deduction of reductons; TPC — total polyphenol

content; TAA - total antioxidant ativity using DPPH - radical scavenging activity; TE — trolox equivalent; GAE - gallic

acid equivalent; +standard deviation.

Table 3 Statistically significant differences between classic and organic wines

Free SO, Fixed SO, Total SO, TPC TAA

Pinot Blanc classic / organic *ok ek ok k%K *

Riesling classic / organic Aok dk Hk ok ok
Veltliner classic / organic Aok Fk *k ok ok
Frankovka classic / organic Aok ek ok k%K *%k
André classic / organic dk ok ok ok ok
Pinot Noir classic / organic Aok ek ok ok k%

Note Table 3: *p <0.05; **p <0.01.
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organic wines. Here the highest antioxidant activity was
determined for white wine Veltliner organic with a value
of 806.28 mg TE.L’I, for red wine Frankovka organic
2570.92 mg TE.L"'. The lowest antioxidant activity was
recorded in Riesling white wine of 445.75 mg TE.L™, the
highest grade of antioxidant activity in red wine André
2312.99 mg TE.L', while the lowest in Pinot Noir
1862.01 mg TE.L". From the above results it is evident
that the antioxidant activity in red wines is generally
higher up to 5 times compared to white wines. This is
confirmed by the assertion used for the determination of
total polyphenols. Stratil et al. (2008) evaluate the
antioxidant activity of different wines Czech wine regions.
Veltliner antioxidant activity (614 mg TE.L™") achieves the
same results as our sample (Table 1). Lachman et al.
(2009) gives the result of Frankovka of 1230 mg TE.L™" as
compared to Table 2, we find more than double the
antioxidant activity values.

Correlation of sulfur dioxide content of
biologically active substances

These results show a strong correlation of total sulfur
dioxide antioxidant activity with Pinot Blanc organic,
where the correlation coefficient was r = 0.91, Veltliner r =
0.81 and Veltliner organic r = 0.77. For André organic,
this correlation coefficient was the strongest of all red
wines r = 0.91. A slight correlation in relation to
antioxidant activity and total SO, achieved results for
Pinot Blanc bovine varieties (r = 0.51) and Riesling
(r =0.22). A slight correlation also results in red wines and
Frankovka where the correlation coefficient r = 0.36 was
here. With the strong correlations we can conclude that the
total SO, influences the antioxidant activity of the red
wines. Here, however, there is a strong correlation with
white wines before red wine.

CONCLUSION

The study, which examined the effect of sulfur dioxide
on total polyphenols and antioxidant activity in samples of
white and red grape wines produced by the strandart route
and organic wines. A strong relationship between SO,
content and antioxidant activity was observed, especially
in organic wines. It is possible to see the significant
difference in total amount of sulfur dioxide in white wine
Pinot Noir organic and classic samples (p <0,01) and red
wine Frankovka (p <0,01). The lowest amount total SO,
was recorded in organic Pinot Blanc (13,00 mg.L™") and
organic Frankovka (24,4 mg.L™"). The highest total amount
of SO, was determined by Veltliner (53,40 mg.L") and
Frankovka (135,95 mg.L'l). Organic André achieved the
highest content of TPC (1349.12 mg.GAE.L") and
Frankovka organic highest content of TAA (2570.92
mg.TE.L"). The fact, however, is that SO, in wine serves
as an antioxidant and protects wine from oxidation and
acts as an antimicrobial agent. Therefore, we can state,
according to the results, that organic wine provides higher
biologically active values and contains less allergen.
However, their sensory properties may differ from the
standard as well as wines made shorter shelf life and
quality may decrease during storage.

REFERENCES

Bajéan, D., Vollmannova, A., Simansk}?, V., Bystricka, J.,
Trebichalsky, P., Arvay, J., Czako, P. 2016. Antioxidant
activity, phenolic content and colour of the Slovak cabernet
sauvignon wines. Potravinarstvo, vol. 10, no. 1, p. 89-94.
https://doi.org/10.5219/534

Bajcan, D., Arvay, J., Vollmannova, A., Bystricka, J.,
Trebichalsky, P., Harangozo, L., gimansk}'/, V. 2017.
Antioxidant properties, total phenolic and total flavonoid
content of the Slovak white wines — Welschriesling and
Chardonnay. Potravinarstvo Slovak Journal of Food
Sciences, vol. 11, no. 1, p- 266-271.
https://doi.org/10.5219/730

Del Pino-Garcia, R., Gonzalez-SanJosé, M. L., Rivero-
Pérez, M. D., Garcia-Lomillo, J., and Muiiiz, P. 2017. The
effects of heat treatment on the phenolic composition and
antioxidant capacity of red wine pomace seasonings. Food
chemistry, vol. 221, p. 1723-1732.
https://doi.org/10.1016/j.foodchem.2016.10.113

Dott, W., & Triiper, H. G. 1976. Sulfite formation by wine
yeasts. Archives of Microbiology, vol. 108, no. 1, p. 99-104.
https://doi.org/10.1007/BF00425098

Eschenbruch, R. 1974. Sulfite and sulfide formation during
winemaking--a review. American journal of Enology and
Viticulture, vol. 25, no. 3, p. 157-161.

Gea, A., Bes-Rastrollo, M., Toledo, E., Garcia-Lopez, M.,
Beunza, J. J., Estruch, R., & Martinez-Gonzalez, M. A. 2014.
Mediterranean alcohol-drinking pattern and mortality in the
SUN (Seguimiento Universidad de Navarra) Project: a
prospective cohort study. British Journal of Nutrition, vol.

111, no. 10, p- 1871-1880.
https://doi.org/10.1017/S0007114513004376
PMid:24480368

Henick-Kling, T., and Park, Y. H. 1994. Considerations for
the use of yeast and bacterial starter cultures: SO, and timing
of inoculation. American Journal of Enology and Viticulture,
vol. 45, no. 4, p. 464-469.

Ivanova, V., Petruseva, D., Mitrev, S. 2015. Methods for
determination of SO, and reducing sugars in wines and
alcoholic beverages. Yearbook of Faculty of Agriculture, vol.
13, no. 1, p. 119-127.

Karadeniz, M., Ak¢ay, Y. D., Yildinm, H. K., Yilmaz, C.,
and Sozmen, E. Y. 2014. Effect of red wine consumption on
serum oxidation and adiponectin levels in overweight and
healthy individuals. Polish Journal of Food and Nutrition
Sciences, vol. 64, no. 3, p- 201-207.
https://doi.org/10.2478/pjtns-2013-0016

Kyseldkova, M., Balik, J., Veverka, J., Ttiska, J.,
Vrchotovd, N., Totusek, J.,, and Lefnerovda, D. 2003.
Resveratrol v ¢ervenych vinech. Vinarsky obzor, vol. 7, no. 8,
p. 357-358.

Lachman, J., Sulc, M., Faitov4, K., and Pivec, V. 2009.
Major factors influencing antioxidant contents and
antioxidant activity in grapes and wines. International
Journal of Wine Research, vol. 1, no. 1, p. 101-121.
https://doi.org/10.2147/ITWR.S4600

Lapcikova, B., Lapcik, L., and Hupkova, J. 2017. Physico-
chemical characterisation of Slovak wines. Potravinarstvo
Slovak Journal of Food Sciences, vol. 11, no. 1, p. 216-222.
https://doi.org/10.5219/727

Mclntyre, J. 2015. Inventing wine: a new history of one of
the world's most ancient pleasures. Journal of Wine Research,
vol. 26, no. 3, p. 243-245.
https://doi.org/10.1080/09571264.2015.1042965

OIV. 2015. International Organisation of Vine and
Wine, Compendium of international Methods of wine and

Volume 12

No. 1/2018


https://doi.org/10.5219/534
https://doi.org/10.5219/730
https://doi.org/10.1016/j.foodchem.2016.10.113
https://doi.org/10.1007/BF00425098
https://doi.org/10.1017/S0007114513004376
https://www.ncbi.nlm.nih.gov/pubmed/24480368
https://doi.org/10.2478/pjfns-2013-0016
https://doi.org/10.2147/IJWR.S4600
https://doi.org/10.5219/727
https://doi.org/10.1080/09571264.2015.1042965

Potravinarstvo Slovak Journal of Food Sciences

must analysis, vol. 2 [online] s.a. [cit. 2018 -02-09]
Available at: http://www.oiv.int/en/technical-standards-and-
documents/methods-of-analysis/compendium-of-
international-methods-of-analysis-of-wines-and-musts-2-vol

Panchal, S. K., and Brown, L. 2013. Cardioprotective and
hepatoprotective effects of ellagitannins from European oak
bark (Quercus petraea L.) extract in rats. European journal of
nutrition, vol. 52, no. 1, p- 397-408.
https://doi.org/10.1007/s00394-011-0277-1

Rankine, B. C., and Pocock, K. F. 1969. Influence of yeast
strain on binding of sulphur dioxide in wines, and on its
formation during fermentation. Journal of the Science of
Food and Agriculture, vol. 20, no. 2, p. 104-109.
https://doi.org/10.1002/jsfa.2740200210

Romano P., Suzzi G. 1993. Sulfur dioxide and wine
microorganisms. Fleet GH (Ed) Wine Microbiology and
Biotechnology, Harwood Academic Publishers, p. 373-393.

Rop, O., Ml¢ek, J., Jurikova, T., Valsikova, M., Sochor, J.,
Reznitek, V., and Kramafova, D. 2010. Phenolic content,
antioxidant capacity, radical oxygen species scavenging and
lipid peroxidation inhibiting activities of extracts of five black
chokeberry (Aronia melanocarpa (Michx.) Elliot) cultivars.
Journals of Medicinal Plants Research, vol. 4, no. 22, p.
2431-2437. https://doi.org/10.5897/JMPR10.576

Singleton, V. L., Rossi, J. A. 1965. Colorimetry of total
phenolics  with  phosphomolybdic-phosphotungstic  acid
reagents. American journal of Enology and Viticulture, vol.
16, no. 3, p. 144-158.

Stratil, P., Kuban, V., and Fojtova, J. 2008. Comparison of
the phenolic content and total antioxidant activity in wines as
determined by spectrophotometric methods. Czech Journal of
Food  Sciences, vol. 26, mno. 4, p. 242-253.
https://doi.org/10.17221/1119-CJES

Sumczynski, D., Bubelova, Z., Sneyd, J., Erb-Weber, S.,
and Mlcek, J. 2015. Total phenolics, flavonoids, antioxidant
activity, crude fibre and digestibility in non-traditional wheat
flakes and muesli. Food chemistry, vol. 174, p. 319-325.
https://doi.org/10.1016/j.foodchem.2014.11.065

Suzzi, G., Romano, P., and Zambonelli, C. 1985.
Saccharomyces strain selection in minimizing SO,
requirement during vinification. American journal of enology
and viticulture, vol. 36, no. 3, p. 199-202.

Spakovské, E., Marcin¢ak, S., Baca, M., and Turek, P.
2012. Polyphenolic content and antioxidative activity of
wines from the sobrance wine region. Potravinarstvo Slovak
Journal of Food Sciences, vol. 6, no. 3, p. 32-35.
https://doi.org/10.5219/204

Valasek, P., Ml¢ek, J., FiSera, M., FiSerova, L., Sochor, J.,
Baron, M., and Jurikova, T. 2014. Effect of various sulphur
dioxide additions on amount of dissolved oxygen, total
antioxidant capacity and sensory properties of white wines.
Mitteilungen Klosterneuburg, Rebe und Wein, Obstbau und
Friichteverwertung, vol. 64, no. 4, p. 193-200.

Wells, A., and Osborne, J. P. 2011. Production of SO,
binding compounds and SO, by Saccharomyces during
alcoholic fermentation and the impact on malolactic
fermentation. South African Journal of Enology and
Viticulture, vol. 32, no. 2, p- 267-279.
http://doi.org/10.21548/32-2-1387

Acknowledgments:
This work was supported by grant IGA/FT/2018/006.

Contact address:

Ing. Luka$ Snopek, Tomas Bata University in Zlin,
Faculty of Technology, Department of Food Analysis
and Chemistry, ndm. T. G. Masaryka 5555, 760 01 Zlin,
Czech Republic, E-mail: Isnopek @ft.utb.cz

doc. Ing. Jifi Mléek, Ph.D., Tomas Bata University in
Zlin, Faculty of Technology, Department of Food
Analysis and Chemistry, ndim. T. G. Masaryka 5555, 760
01 Zlin, Czech Republic, E-mail: mlcek @ft.utb.cz

prof. Ing. Vlastimil Fic, DrSc., Tomas Bata University in
Zlin, Faculty of Technology, Department of Food
Analysis and Chemistry, ndm. T. G. Masaryka 5555, 760
01 Zlin, Czech Republic, E-mail: fic@ft.utb.cz

Ing. Irena HlavaCova, Tomas Bata University in Zlin,
Faculty of Technology, Department of Food Analysis
and Chemistry, ndm. T. G. Masaryka 5555, 760 01 Zlin,
Czech Republic, E-mail: ihlavacova@ft.utb.cz

Ing. Soiia Skrovénkova, Ph.D., Tomas Bata University in
Zlin, Faculty of Technology, Department of Food
Analysis and Chemistry, ndim. T. G. Masaryka 5555, 760
01 Zlin, Czech Republic, E-mail: skrovankova@ft.utb.cz

doc. Ing. Miroslav Fisera, CSc., Tomas Bata University
in Zlin, Faculty of Technology, Department of Food
Analysis and Chemistry, ndm. T. G. Masaryka 5555, 760
01 Zlin, Czech Republic, E-mail: fisera@ft.utb.cz
College of Business and Hotel Management Ltd., Institute
of Gastronomy, Bosonozskd 9, 625 00 Brno, Czech
Republic, E-mail: fisera@hotskolabrno.cz

Ing. Helena Velichovd, Ph.D., Tomas Bata University in
Zlin, Faculty of Technology, Department of Food
Analysis and Chemistry, ndm. T. G. Masaryka 5555, 760
01 Zlin, Czech Republic, E-mail: velichova@ft.utb.cz
College of Business and Hotel Management Ltd., Institute
of Gastronomy, Bosonozskd 9, 625 00 Brno, Czech
Republic, E-mail: velichova@hotskolabrno.cz

Mgr. Monika Ondrasova, Ph.D., Tomas Bata University
in Zlin, Faculty of Technology, Department of Food
Analysis and Chemistry, ndm. T. G. Masaryka 5555, 760
01 Zlin, Czech Republic, E-mail: ondrasova@ft.utb.cz

Volume 12

185

No. 1/2018


https://doi.org/10.1007/s00394-011-0277-1
https://doi.org/10.1002/jsfa.2740200210
https://doi.org/10.5897/JMPR10.576
https://doi.org/10.17221/1119-CJFS
https://doi.org/10.1016/j.foodchem.2014.11.065
https://doi.org/10.5219/204
http://doi.org/10.21548/32-2-1387

. >
' = Crossref
OPEN C ‘ACCESS Similarity Check
. Powered by Thenticate

Potravinarstvo Slovak Journal of Food Sciences

Slovak Jogrnal of
Food Sciences

Potravinarstvo Slovak Journal of Food Sciences

vol. 12, 2018, no. 1, p. 186-194

doi: https://doi.org/10.5219/886

Received: 8 February 2018. Accepted: 1 March 2018.

Available online: 21 March 2018 at www.potravinarstvo.com

© 2018 Potravinarstvo Slovak Journal of Food Sciences, License: CC BY 3.0
ISSN 1337-0960 (online)

@ potravindrstvo

EFFECT OF ADDITIVES TO MICROBIOLOGICAL QUALITY OF YOGURTS

Roman Pytel, Olga Cwikovd, Sylvie Ondrusikovd, Sdrka Nedomovd, Vojtéch Kumbdr

ABSTRACT

The objective of this work was to study the effect of addition chia flour, quinoa flour, nopal powder, apple fibre and
bamboo fibre BAF 40 in yogurt to microbiological quality. Yogurts were made with 1, 3 and 5% of addition of these
additives. The milk used for manufacturing was heated up to 85 °C for 5 min and flour, powder and fiber were irradiated
for 20 min in three replicates. It was monitored: Lactic acid bacteria (LAB) — 72 hours at 30 °C (ISO 13721:1998)
and yeasts and moulds — 5 days at 25 °C (ISO 21527-1:2009). During storage, the number of LAB was increased to match
the initial concentration of yogurt with addition chia flour (concentration 1, 3, 5%) and quinoa flour (1%). The addition
of nopal powder, apple or bamboo fiber to yogurt showed a tendency to decrease the number of LAB compared with
its initial concentration. All samples were compared with the control yogurt without addition whatever flour, powder
or fiber. The amount of yeasts and moulds was increased with the increasing addition of fiber in yogurts. The lowest
amount of yeasts and moulds was in yogurt with the bamboo fiber. On the other hand the highest amount was in yogurt

with chia flour.

Keywords: chia; quinoa; nopal; fiber; dairy product

INTRODUCTION

The term yogurt encompasses a wide range of products.
Yogurt is a fermented dairy product, which is generally
manufactured from pasteurized milk. High-temperature
pasteurization of the yogurt mix is employed to obtain
a smooth and firm body. Non-fat dry milk or stabilizers
may also be added to increase the water-holding capacity
and therefore improve its body (Marth and Steele, 2001).
Yogurt is manufactured from the milk and common
commercial cultures composite from Streptococcus
thermophilus and Lactobacillus delbruckii spp. bulgaricus.
The microorganisms used in the production of yogurt
accomplish briefly two tasks: production of lactic acid and
flavour  components  (Yildiz, 2010). Regarding
the chemical composition of milk and yogurt, there
is no significant difference between gross composition
of milk and fermented milk. However, the fermentation
process causes a beneficial effect on yogurt (Walstra
et al., 2006). Fermentation is carried out by bacteria,
moulds and yeasts which produced the enzymes. These
enzymes caused that organic substances are broken down
to smaller compounds. As a result, these processes cause
that milk is more digestible, stable and flavoured (Yousef
and Carlstrom, 2003). The addition of oat fiber did not
significantly influence fermentation time, pH evolution, or
orotic acid consumption by the starter bacteria during
fermentation  (Fernandez-Garcia et al., 1998).

Orange fibers presence in fermented camel milks also
enhanced bacterial growth and survival of probiotic
bacteria (Ibrahimand and Khalifa, 2015). Food
fortification is one of the processes which have influence
to increase food quality and quantity. Fortification
of yogurt is very effective because consumption rate
of dairy products such as yogurt is very high (Hashemi
Gahruie et al.,, 2015). More authors add the fiber
to yogurts but most of these works follow up rheological
properties and sensory profiles as Staffolo et al. (2004).
They studied the effect of apple, wheat, bamboo fibers,
or inulin on sensory and rheological properties of yogurt.
The chia seed is good source of valuable protein fraction
and antioxidant compounds (Ka¢marova et al., 2016).
Chia seed is the best known plant source to maintain
a balanced serum lipid profile (Nitrayova et al., 2014).
According Remenova et al. (2017) yogurt with addition
of pressed flax seed and honey can have beneficial effects
on human body, but addition of pressed flax had no effect
on sensory properties of yogurt. Hashim et al. (2009)
shown, that fortifying yogurt with 3% of date fiber
produced an acceptable product with potential beneficial
health effects.

The set yogurts are more safe from the microbial aspect
than stirred yogurt. The set yogurt fermented at higher
temperature and shorter time, producing more lactic acid
and thus prohibited the growth of contaminating
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microbiota eg. coliforms. The stirred yogurt fermented
at lower temperature and longer time, the fermentation
is slower and thus allowed a growth of mesophilic
and coliforms bacteria (Gorner and Valik, 2004).
According to Decree no. 397/2016 Coll. yogurt must
contain a minimum 7 log CFU.g"' and must be made from
protosymbiotic mixture of Steptococcus salivarius subsp.
thermophilus and  Lactobacillus  delbrueckii  subsp.
bulgaricus.

Moulds contamination is almost exclusively caused
by Mucoraceae family which had very strong proteolytic
and lipolytic activity which leads to intensive odour.
The spores of Mucoreceae are spreading very rapidly
(Holec et al, 1989). Saccharomyces cerevisiae
and Kluyveromyces fragilis are one of the most common
yeasts which changed the taste of yogurt. The typical
yogurt which is contaminant by yeasts is yeast taste
and bubble in the coagulum. These changes are most often
seen in flavoured yogurt (Gorner and Valik, 2004).
If the yogurt is by the “good manufacturing practice”,
it should contain no greater than 1 yeast cell.g”'. When
products are correctly stored in refrigerator (5 °C),
the shelf life of this yogurt is 3 or 4 weeks (Suriyarachchi
and Fleet, 1981). Presence of yeasts or moulds in yogurt
also indicates poor sanitary practices in manufacturing
or packaging. Yogurts with added sugar or fruits especially
are susceptible to yeast growth (Arnott et al., 1974) but
the consummation of flavoured cream yogurts is increases
(Habanova et al., 2010).

Scientific hypothesis

There was monitored the effect of addition chia flour,
quinoa flour, nopal powder, apple fibre and bamboo fibre
BAF 40 in yogurt to Lactic acid bacteria (LAB) and yeasts
and moulds during the storage.

MATERIAL AND METHODOLOGY

This research was carried out at the Department of Food
Technology at Mendel University in Biotechnology
Pavilion M, financed by the OP VaVpl
CZ.1.05/4.1.00/04.0135 project.

The yogurt for the research was prepared from milk
of Holstein dairy cows from South Moravia region.
The bovine milk content: 3.50% of fat by Gerber’s
acidobutyrometric method (ISO 2446:2008),
342% of protein by Kjeldahl’s method (EN ISO
8968-1:2002), 4.50% of lactose and titratable acidity
6.7 SH according Czech state standart no. 57 0530
(1974). The milk was heated up to 85 °C for 5 min and
then cooled down to 36 °C. Then cooling was added into
pasteurized milk of starter for making original Bulgarian
yogurt (bulgaricus.cz, GENESIS LABORATORIES,
Bulgary). It was used a lyophilized started for preparing
original Bulgarian yogurt. Before used was prepared the
starter (1 g of this starter was inoculated in 1 L of milk),
after fermentation was added 2% of this prepared starter.
The addition of starter to the milk was such that the
resulting concentration in the yogurt was 8 log CFU.g™.
This mixture was fermented at 36 °C for 18 hours. After
fermentation, the coagulum was stirred for 5 min and
divided into 16 groups. In these groups were added chia
flour, quinoa flour, nopal powder, apple fiber and bamboo

fiber. Each addition was made from three concentrations:

1, 3 and 5% of addition of these fibers. Before
the addition, fibers in yogurt were irradiated for 20 min
in three replicates. One group of yogurt was made
as natural (control). The samples of final yogurt were
stored at the 4 °C for 28 days.

The microbiological analysis was carried out
in microbiological lab at the Department of Food
Technology at Mendel University. Samples were taken
from three different crucibles.

For all samples were determined: Lactic acid bacteria
(LAB) — 72 hours at 30 °C (ISO 15214:1998) and yeasts
and moulds — 5 days at 25 °C (ISO 21527-1:2009).

The 1% analysis was carried out 24 hours after yogurt
manufacturing, 2™ (7 days after storage), 3™ (14 days after
storage), 4™ (21 days after storage), 5" (28 days after
storage).

Statisic analysis

The results were statistically processed by program
MS EXCEL version 2010 (Microsoft) and STATISTICA
CZ version 12 (StatSoft, Czech Republic). It was used:
the calculation of basic statistical parameters, the simple
sorting method of analysis of variance (ANOVA, Duncan's
test) and regression analysis.

RESULTS AND DISCUSSION

Chia flour addition

The control yogurt had 8.6 log CFU.g™" at the start and,
during the storage, the amount of LAB has fallen
to 7.9 log CFU.g". The amount of lactic acid bacteria was
higher than is given by Ilegislation (more than
7 log CFU.g" in Decree no. 397/2016 Coll). According
the Lengyelova et al., 2010 the amount of LAB in tested
yogurt was higher than Slovak Food codex limits. The
addition 1, 3 or 5% of chia flour had influence to lower
amount of LAB than in the control yogurt at the start
sampling, one week later the amount of LAB was higher
than amount of LAB in control yogurt. The third week
sampling the amount of LAB was reduced, the tendency
for bacterial growth therefore decreased as well as in the
control yogurt (Figure 1). There was no statistically
significant difference (p > 0.05) between addition of 1, 3
or 5% of chia flour to amount of LAB into yogurt.

The total of yeasts and moulds in control yogurt during
three weeks storage were undetectable. The amount
the yeasts and moulds was higher than 2 log CFU.g"
in 1% addition in yogurt. The addition of 3% of chia flour
in the yogurt had influence on total amount of yeasts and
moulds in yogurt. After three weeks of storage, the amount
of yeasts and moulds was higher than 3.2 log CFU.g™.
This amount is comparable with 3.5 log CFU.g"' which
was detectable in the yogurt with 5% addition of chia flour
after three weeks of storage (Figure 2). The shelf life
of yogurt with chia flour was affected with high
contamination of chia flour by the yeasts and moulds.
The shelf life of these yogurts was 2 weeks. This storage
time is shorter than presented Suriyarachchi and Fleet,
1981. The total amount of yeasts and moulds were
increased during all time of storage. These changes were
statistically significant (p <0.05).
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Quinoa flour addition

The addition 1% of quinoa flour in yogurt caused that
during the storage, the amount of LAB has increased
(Figure 3). In the beginning, the amount of LAB was
8.2 log CFU.g" and at the end of shelf life, the amount
of LAB was 8.6 log CFU.g"'. Addition of 3 or 5% caused
that the amount of LAB has fallen during storage.
With addition of 3% quinoa flour, the amount of LAB
decreased from 8.2 log CFU.g"' to 7.9 log CFU.g".
When there was added more quinoa flour (5%),
that caused bigger decrease from the 8.3 log CFU.g"
to 7.3 log CFU.g"". Saponins are bitter compounds that are
naturally present in quinoa located in the outer layers
of quinoa seeds. The content saponin in quinoa is in range
0.1 to 5.0% (Valencia-Chamorro, 2003). This bigger
decrease of LAB in yogurt can be caused by higher content
of saponins. This decrease was statistically significant
(p <0.05).

There was no statistically significant difference between
the amount of LAB in control and 5% addition quinoa
flour in yogurt (p >0.05). But the statistically significant
difference (p <0.05) was between 1 and 3% of quinoa flour
added in yogurt.

The total amount of yeasts and moulds in control yogurt
during the whole storage time was very low (less than
0.4 log CFU.g" after five weeks of storage). This change
was statistically insignificant (p >0.05).

The amount the yeasts and moulds at the beginning was
not detected. The amount of yeasts and moulds was
increased to 2.5 log CFU.g" in yogurt with 1% of quinoa
flour addition, respectively 2.9 log CFU.g”" in yogurt with
3% of quinoa flour addition during the storage. The most
yeasts and moulds were in yogurt with 5% addition
of quinoa flour. At the beginning was 1 log CFU.g"' yeasts
and moulds in yogurt and, after five weeks of storage,
the amount of yeasts and moulds increased
to 3.1 log CFU.g"'. There was statistically significant
growth trend (p <0.05) of yeasts and moulds in yoghurt
with 1, 3 or 5% quinoa flour addition (Figure 4). The least
yeasts and moulds were in the control yogurt, while
the most yeasts and moulds were in yogurt with 5% quinoa
flour added regardless of the other observed factors
(storage time).

Nopal powder

The control yogurt had 8.6 log CFU.g™" at the start and,
during the storage the amount of LAB has fallen
to 7.4 log CFU.g"'. The amount of lactic acid bacteria
was higher after five weeks of storage than is given
by legislation — more than 7 log CFU.g' (Decree
no. 397/2016 Coll.). At the beginning was amount of LAB
lower in yogurt with 1, 3 or 5% nopal powder addition,
but after 1 week of storage was the amount of LAB higher
than the amount of LAB in control yogurt. After one week
of storage the amount of LAB decreased also in the control
yogurt. The tendency for bacteria growth decreased.
For yogurt with 5% nopal powder addition, there
was a typical, almost constant decline of the amount
of LAB during storage (Figure 5). There was no
statistically significant difference (p >0.05) between the

control yogurt and yogurt with 1, 3 or 5% nopal powder
addition to amount of LAB in these yogurts regardless of
the other observed factors (storage time).

The change of the amount of yeasts and moulds
in control yogurt was not statistically significant
(p >0.05). The amount of yeasts and moulds
at the beginning was not detected regardless of the nopal
powder addition. The amount of yeasts and moulds
was increased to 2.5 log CFU.g"' in yogurt with 1% nopal
powder addition, respectively 2.3 log CFU.g" in yogurt
with 3% nopal powder addition during the storage.
The most yeasts and moulds were in yogurt with 5% nopal
powder addition. At the beginning were not detected
yeasts and moulds in yogurt and after five weeks
of storage was amount of yeasts and moulds increased
to 3.5 log CFU.g'l. There was statistically significant
growth trend (p <0.05) yeasts and moulds in yogurt with 1,
3 and 5% nopal powder addition (Figure 6). The least
yeasts and moulds were in the control yogurt, while the
most yeasts and moulds were in yogurt with 5% nopal
powder addition, regardless of the other observed factors
(storage time).

Apple fiber

The control yogurt and yogurts with apple fiber addition
had at the beginning more than 8 log CFU.g" of LAB.
Yogurt with 1% (8.5 log CFU.g") and 5%
(8.3 log CFU.g™") apple fiber addition showed that amount
of LAB in these yogurts was decreased until the third
sampling when the amount of LAB was increased.
At the end of sampling was in yogurt with 1% apple fiber
addition 8 log CFU.g"' and yogurt with 5% apple fiber
addition 7.8 log CFU.g"'. On the other hand, the yogurt
with 3% apple fiber addition showed the opposite trend.
The amount of LAB was increased until the third sampling
and, after the third sampling, the amount of LAB has
decreased (Figure 7). Staffolo et al. (2004) there were
found the highest differences between control and yogurt
with apple fiber in rheological and sensory characteristics.

There was no significant difference (p <0.05) between
control yogurt and yogurt with 1, 3 or 5% apple fiber
addition to amount of LAB in these yogurts regardless of
the other observed factors (storage time).

The amount of yeasts and moulds at the beginning was
not detected regardless of the apple fiber addition.
The amount of yeasts and moulds increased
to 1.9 log CFU.g" in yogurt with 1% apple fiber addition,
2.6 log CFU.g" in yogurt with 3% apple fiber addition
and 3.9 log CFU.g"' yogurt with 5% apple fiber addition
after five weeks of storage. With increasing the addition
of apple fiber has increased the amount yeasts and moulds
in yogurts. There was statistically significant growth trend
(p <0.05) of yeasts and moulds in yoghurt with 1, 3 and
5% apple fiber addition (Figure 8). The least amount
of yeasts and moulds was in the control yogurt, while the
most yeasts and moulds were in yogurt with 5% apple
fiber added regardless of the other observed factors —
storage time (p <0.05).
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Bamboo fiber

The addition of 1% of bamboo fiber had an influence
on lower amount of LAB than in the control yogurt at the
start of sampling. This situation changed after three weeks
of storage when the amount of LAB increased in yogurt
with 1% bamboo fiber addition. The amount of LAB
in yogurt with 3% bamboo fiber addition was changed
during storage time. At the beginning and at the end had
this yogurt more LAB than control yogurt. These changes
in yogurt with 1 and 3% addition were not statistically
significant (p > 0.05). But yogurt with 5% bamboo fiber
addition had, for the whole storage time, more LABs
in yogurt than the control yogurt. Addition of 5% bamboo
fiber in yogurt made a good condition for growth LAB
(Figure 9). There was no statistically significant difference
(p >0.05) between addition of 1, 3 or 5% of bamboo fiber
to amount of LAB into yogurt.

The amount of yeasts and moulds at the beginning was
not detected regardless of the bamboo fiber added.
This amount of yeasts and moulds was same for the whole
storage time. There was no statistically significant
difference (p >0.05) between the control and 1, 3 or 5%
bamboo fiber addition samples, regardless of the other
observed factors (storage time). Just as Ibrahimand and
Khalifa (2015) in their work, they did not detect any
yeasts and moulds in yogurt with date and orange fiber
during storage.

CONCLUSION

There was monitored the effect of addition of chia flour,

quinoa flour, nopal powder, apple fibre and bamboo fibre
BAF 40 to Lactic acid bacteria (LAB) and the amount
of yeasts and moulds in these yogurts.
The addition of chia flour, apple fiber or bamboo fiber
in yogurts caused that the amount of Lactic acid bacteria
was higher than the amount of LAB in control samples
of yogurt. The addition of 1 or 3% of quinoa flour
in yogurt showed higher amount LAB in yogurt too.
These changes were not statistically significant (p >0.05).
But addition of 5% of quinoa flour caused a decrease
of LAB in yogurt due to a possible higher presence
of saponins that may affect the condition of growth
for LAB (statistically significant difference p <0.05).
Yogurt with the nopal powder had the same or higher
amount of LAB during the storage. The statistically
significant difference (p <0.05) was for yogurt with 3 and
5% nopal powder addition.

The amount of LAB was not decreased below the limit
71log CFU.g" during the storage. All monitored yogurts
fulfilled the requirements of the Decree no. 397/2016 Coll.

The amount of yeasts and moulds in the control yogurt
was very low during the whole storage time. It confirmed
a “good manufacturing practice” because the total amount
of yeasts and mould was not greater than 1 yeast cell.g”.
However, the problem was with the added flour, powder
and fiber. The amount of yeasts and moulds increased with
the higher addition of fiber in yogurts. The lowest amount
of yeasts and moulds was in the yogurt with bamboo fiber.
On the other hand, the highest amount was in the yogurt
with chia flour.
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Figure 9 Changes in the amount LAB (log CFU.g") during the storage — analysis: 1% (24 hours after yogurt
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storage) in yogurt with bamboo fiber.
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UTILIZATION OF PUMPKIN POWDER IN BAKED ROLLS

Lucia Minarovic¢ova, Michaela Laukova, Jolana Karovicova, Zlatica Kohajdova

ABSTRACT

Bakery products are good vehicles for dietary fiber incorporation. Traditionally, the source of dietary fiber has been mainly
from cereals. However, vegetable can be used as potential source of dietary fiber. Pumpkin powder was characterized with
good hydration properties (water holding and water retention capacity and swelling capacity), but fat absorption capacity
was very low. Wheat flour was substituted with pumpkin powder at different level (2.5; 5; 7.5; and 10%). Addition of
pumpkin powder modified the farinographic properties in various ways (water absorption and dough development time
increased, while dough stability and mixing tolerance index decreased). Also it was concluded, that addition of pumpkin
powder affected the qualitative properties of baked rolls. Enriched baked rolls had lower volume and specific volume.
Moreover, the cambering values were significantly decreased as contain of pumpkin powder increased. The effect of
incorporation of pumpkin powder in baked rolls on firmness values was also evaluated. It was also observed that enriched
rolls were firmer during storage compared to control sample. Baked rolls containing pumpkin powder at higher addition
levels had vegetable taste and flavour. From the results also concluded that the overall acceptance of baked rolls with 2.5

and 5% addition levels of pumpkin powder were comparable with control sample (without pumpkin powder).

Keywords: pumpkin powder; hydration property; Farinograph; bakery product; texture

INTRODUCTION

Bakery products are widely consumed as staple food all
over the world. In last few decades, bakery products have
been explored extensively for development of functional
foods via fortification of active ingredients such as dietary
fiber, bioactive peptides, minerals, vitamins etc. to
increase its therapeutic values (Mudgil et al., 2016).
Bakery products are varied by addition of value added
ingredients. Among the added ingredients, dietary fibre
has gained tremendous attention (Noor Aziah and
Komathi, 2008).

Dietary fibre is naturally present in cereals, vegetables,
fruits and nuts. The amount and composition of fibres
differ from food to food. A fibre-rich diet is lower in
energy density, often has a lower fat content, is larger in
volume and is richer in micronutrients. This larger mass of
food takes longer to eat and its presence in the stomach
may bring a feeling of satiety sooner, although this feeling
of fullness is short term. It is suggested that healthy adults
should eat between 20 and 35 g of dietary fibre each day
(Dhingra et al., 2012). The use of specific fibres in food
products is largely determined by their functionality,
which depends on physicochemical properties, and by food
processing conditions. Additional factors that must be
considered in many applications include fibre colour and

flavour because of their impact on sensory characteristics
(Tosh and Yada, 2010).

Fibre can even be produced from sources that might
otherwise be considered waste products. For example,
wheat straw, soy hulls, oat hulls, peanut and almond skins,
corn stalks and cobs, spent brewer’s grain and waste
portions of fruits and vegetables processed in large
quantities can be converted into fibre ingredients, which
may be highly functional in certain food applications.
Dietary fibre holds all the characteristics required to be
considered as an important ingredient in the formulation of
functional foods, due to its beneficial health effects
(Dhingra et al., 2012).

Pumpkin is consumed in a variety of ways such as fresh
or cooked as well as being stored, frozen or canned.
Pumpkin is a good source of B-carotene, fibre, pectin,
mineral salts, vitamins and other substances that are
beneficial to health. These facts lead to the processing of
pumpkin into various food products (Kuchtova et al.,
2016). Pumpkin can be processed into flour which has a
longer shelf-life. Pumpkin flour is used because of its
highly-desirable flavour, sweetness and deep yellow-
orange colour. It has been reported to be used to
supplement cereal flours in bakery products like cakes,
cookies, bread, for soups, sauces, instant noodle and spice
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as well as a natural colouring agent in pasta and flour
mixes (Minarovicova et al., 2017).

Scientific hypothesis

The purpose of this study was to evaluate the effect of
pumpkin powder addition on rheological properties (water
absorption, dough development time, dough stability and
mixing tolerance index) of wheat dough and qualitative
parameters of baked rolls.

MATERIAL AND METHODOLOGY

Fine wheat flour (wet gluten 24.16%, dry gluten 8.75%
and moisture 11.32%) and other ingredients (vegetable oil,
salt, sugar and yeast) were obtained in local market.
Pumpkin powder (PP) was prepared according
Minarovicova et al. (2017).

Functional properties

Hydration properties of PP were determined according to
methods described by Sowbhagya et al. (2007) with slight
modifications. Water holding capacity (WHC) was
determined by accurately weighing dry sample (1 g) into a
graduated test tube, and adding around 30 mL of water,
and it was allowed to hydrate for 18 h at ambient
temperature. The supernatant was removed, the hydrated
residue weight was recorded and it was dried at 105 °C for
2 h to obtain the residue dry weight. WRC was expressed
as grams of retained water per gram of sample.

Water retention capacity (WRC) was determined by
accurately weighing dry sample (1 g) into a graduated
centrifuge tube, adding 30 mL of water and it was
hydrated for 18 h, centrifuged (3000 g, 20 min)and the
supernatant solution was removed by passing through a
sintered glass crucible (G4) under applied vacuum. The
hydrated residue weight was recorded and then sample was
dried at 105 °C for 2 h to obtain its dry weight. WHC was
expressed as grams of retained water per gram of sample
(Sowbhagya et al., 2007).

Swelling capacity (SC) is defined as the ratio of the
volume occupied when the sample is immersed in excess
of water after equilibration to the actual weight.
Accurately weighed dry sample (0.2 g) was placed in a
graduated test tube, around 10 mL of water was added and
it was hydrated for 18 h, and the final volume attained by
the sample was measured. SC was expressed as mL of
swollen sample per gram of sample (Sowbhagya et al.,
2007).

Fat absorption capacity (FAC) was measured according
to method used by Adeleke and Odedeji (2010) with
slight modifications. The 10 mL of refined corn oil was
added to 1 g of the flour in a weighed 25 or 80 mL

504 PP

centrifuge tube. The tube was agitated on a vortex mixer
for 2 min and kept at room temperature for 1 h. It was
centrifuged at 2500 rpm for 20 min. The volume of free oil
was recorded and decanted. FAC is expressed as mil of oil
bound by 1 g dried sample.

Dough rheology

Farinographic parameters (water absorption - WA, dough
stability - DS, dough development time - DDT and mixing
tolerance index - MTI) of wheat dough with addition of
pumpkin powder (2.5, 5, 7.5, and 10%) was determined
using Farinograph Brabender (Duisburg, Germany)
according to method ISO 5530-1:2013.

Rolls preparation

Wheat rolls were prepared using a recipe described by
Kohajdova and Karovicova (2007). The control recipe
included: wheat flour 300 g, vegetable oil 7.5 g, yeast
12.06 g, salt 5.63 g, sugar 3.22 g and water to
farinographic consistency 400 Brabender units (BU). The
dough was prepared and mixed during 6 min in
farinographic mixing bowl. After first fermentation (20
min), the dough was divided into 100 g loaves and formed
on dough former (Extensograph Brabender, Duisburg,
Germany). After second fermentation (45 min), the loaves
were baked during 13 min at 230 °C. The rolls were
cooled and after 2 h were packed in plastic bags. Baked
rolls are presented in Figure 1.

Qualitative parameters of baked rolls

Qualitative parameters of baked rolls were evaluated 2 h
after baking. The volume of baked rolls was measured by
rapeseeds displacement method (AACC Method 10-
05.01). Specific volume (cm® per 100 g of loaf) was
calculated by dividing the values of volume by weight.
Cambering of baked rolls was calculated as a ratio of loaf
height and width (Laukova et al., 2016a). Baking loss (%)
is characterized as the bakery product weigh reduction
after baking. It is determined according to dough weight
before baking and product weight, which was detected one
hour after baking (Korczyk-Szabé and Lacko-Bartosova,
2012).

Textural analysis

Baked rolls firmness was determined according to
method described by Al-Saleh and Brennan (2012) using
a texture analyzer (TA-XT Plus, Stable Micro Systems,
Godalming, Surrey UK). The results were calculated using
Exponent Texture Analysis software 2011. Firmness (the
maximum force obtained during compression) was
recalculated using macro and measurement was repeated 8

Figure 1 Baked rolls enriched with PP. Note: PP — pumpkin powder.
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Table 1 Functional properties of PP.

WHC (g.g") WRC (g.g" SC (mL.g™) FAC (g.g™)
WF 1.78 £0.08 0.65 +0.03 2.47 £0.10 0.94 £0.04
PP 9.29 +0.34 3.62 +0.01 8.49 0.31 1.01 £0.05

Note: FAC — fat absorption capacity, PP — pumpkin powder, SC — swelling capacity, WF — wheat flour, WHC — water

holding capacity, WRC — water retention capacity.

times. Baked rolls were sliced mechanically into 12.5 mm
slice thickness. Two slices were stacked together for each
test, discarding two end slices of the rolls. Rolls firmness
was measured with a probe P/36 R (setting: pre-test speed
1.0 mm.s™, test speed 1.7 mm.s”, post-test speed 10.0
mm.s™) at 40% compression on three successive days.
Baked rolls were stored in plastic bags at 25 °C during
72 h.

Sensory evaluation

The sensory evaluation of final products was evaluated
by 11 trained judges using 9-point hedonic scale. The scale
of values ranged from a high score of 9, “like extremely”,
to a low score of 1, “dislike extremely” (Gémez et al.,
2011). The attributes evaluated were: shape of product,
crust and crumb colour, flavour and taste of baked rolls,
adhesiveness to palate on longer chewing. Overall
acceptability of baked rolls was assessed using 100
mm graphic non-structured line segment with the
description of extremes (100% - maximal intensity and
0% - minimal intensity) (Kuchtova et al., 2016).

Statistic analysis

All analyses were carried out in triplicate unless
otherwise stated and the average values were calculated.
The results were expressed as mean value * standard
deviation. Significant differences between mean values
at significance level p = 0.05 were establish using the One
way analysis of variance and Student’s test. Microsoft
Excel version 2010 was used as the statistical analysis
software.

RESULTS AND DISCUSSION

The chemical composition of pumpkin powder and fine
was presented in previous study by Minarovicova et al.
(2017).

Plant fibres show some functional properties, such as
WHC and SC which have been more useful for
understanding the physiological effect of dietary fibre,
than the chemical composition alone (Sharoba et al.,
2013). These properties are also important for stating the
usefulness of fiber fractions obtained as bulking, swelling

Table 2 Farinographic parameters of dough.

and/or thickening agents in formulations or foods of
relatively high water activity (de Escalada Pla et al.,
2007). The maximum amount of water that the fiber may
hold is dependent on the fiber source, method of
measurement and preparation as well as its physico-
chemical and structural characteristics. The hydration
properties of dietary fiber determine their optimal usage
levels in food because a desirable texture must be retained
(Raghavendra et al., 2006). Hydration properties of PP
are summarized in Table 1.

WHC is defined by the quantity of water that is bound to
the fiber without the application of any external force
(except for gravity and atmospheric pressure) (Sowbhagya
et al., 2007). The PP was characterized by high value of
WHC (9.29 g.g”") which was higher than those described
for spinach (6.40 g.g') and apple pomace powder
(8.54 g.g') observed by Sara¢ and Dogan (2016) and
O’Shea et al. (2015). WRC is defined as the quantity of
water that remains bound to the hydrated fiber following
the application of an external force (pressure of
centrifugation) (Sowbhagya et al., 2007). It was observed
that WRC value of PP (3.62 g.g™"), which was higher than
those published by Kuchtova et al. (2016) for PP. SC
indicates how much the fiber matrix swells as water is
absorbed (de Escalada Pla et al., 2007). SC value of PP
(8.49 mL.g") was lower than was described for potato
(12.0 mL.g") and cabbage powder (16.37-21.41 mL.g")
by Kaack et al. (2006) and Jongaroontaprangsee et al.
(2007).

FAC is an important property as it improves the mouth
feel and retains the flavor (Kaur et al., 2015). The PP was
characterized by low FAC value (1.01 g.g”") (Table 1).

Dough rheological characterization is imperative for both
the milling and baking industry. It predicts flour dough
characteristics during processing and the quality of end
products. Rheological studies are extensively utilized and
acknowledged by cereal technologists as useful techniques
in evaluation of flour quality (Igbal et al., 2015). The
influence of fibres on dough consistency and elasticity
could be due to their effect on the internal structure of
doughs (Martinez et al, 2014). The rheological
parameters of dough with addition of PP are presented in
Table 2.

Water absorption Dough development Dough stability Mixing tolerance
(%) time (min) (min) index (BU)
WF 54.48 +0.00 3.00 +0.00 16.11 £0.08 38.00 £0.00
PP 2.5% 54.42 £0.05 4.05 +£0.13* 13.68 +0.16 * 30.10 £0.50*
PP 5% 57.45 +0.14 * 3.77 £0.03 * 10.67 +0.14 * 36.97 +0.55*
PP 7.5% 57.55 £0.05 * 4.60 £0.10 * 12.55 £0.05 * 31.17 £1.04*
PP 10% 57.61 £0.11 * 4.48 +0.08 * 10.55 +0.05 * 20.13 +0.23*

Note: BU — brabender units, PP — pumpkin powder, WF — wheat flour, * denotes statistically significant difference at

p <0.05 level.
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Table 3 Qualitative parameters of baked rolls.

Volume Specific volume Cambering Baking loss

(cm®) (em*.100g™) (%)
control 294.25 +£7.37 327.20 £6.93 0.66 +0.02 10.12 +£0.50
PP 2.5% 195.25 £2.22* 214.38 £2.39* 0.58 £0.02* 9.97 £0.12
PP 5% 155.50 +4.73* 169.65 £5.33* 0.42 £0.02* 8.37 £0.20*
PP 7.5% 131.00 £1.15* 144.13 £1.05* 0.42 £0.01* 9.13 £0.45*
PP 10% 129.25 +4.99* 141.52 £5.61* 0.43 £0.00* 8.73 £0.12*

Note: PP — pumpkin powder, * denotes statistically significant difference at p <0.05 level.

WA is the amount of water required to make dough of
proper consistency for bread baking when mixed to
optimum conditions based on the feel and appearance of
the dough. Water absorption is an important quality factor
to the baker as it is related to the amount of bread that can
be produced from a given weight of flour (Bojnanska and
Mocko, 2014). From the results concluded that addition of
PP significantly increased the WA. The highest WA value
(57.61%) was recorded at addition level 10%. The increase
in WA could be explained by the important number of
hydroxyl groups existing in the fiber structure, which
allow more water interactions through hydrogen
bonding (Laukova et al., 2016b). High WA is important
from the economical point of view and avoiding staling
(Mosharraf et al., 2009). These results were in agreement
with those described by Turksoy and Ozkaya (2011) after
addition pumpkin and carrot powder to wheat dough.

DS is related to the quality of the protein matrix, which is
easily damaged by the incorporation of other ingredients,
due to gluten dilution (Minarovicova et al., 2017). It is an
indicator of the strength, which higher values suggesting
stronger dough (Kohajdova et al., 2011). It was observed
that addition of PP significantly decreased the DS from
16.11 (control) to 10.55 min (10% PP). The decrease in
DS value could be due to dilution of gluten (Rawat and
Darappa, 2015).

DDT is the time from water addition to the flour until the
dough reaches the point of the greatest torque. During the
mixing phase, water hydrates the flour components and the
dough is developed (Laukova et al., 2016b). The DDT
values of dough with addition of PP ranged from 4.05 min
(2.5% PP) to 4.48 min (10%). This change could have
been due to differences in physiochemical properties
between the constituents of pumpkin powder and wheat
flour (Kundu et al., 2012).

MTI value is the difference in BU from the top of the
curve at the peak to the top of curve measured at 5 min.
after the peak is reached (Kundu et al., 2012). From the
results concluded that addition of PP significantly
decreased MTI from 38.00 BU (control) to 20.13 BU (10%
PP). MTT is inversely proportional to the strength of the

dough, higher values indicate lower strength or tolerance
to mixing (Rawat and Drappa, 2015). Similar decrease in
MTI was also described when PP was added in semi
coarse wheat flour (Minarovicova et al., 2017; Kuchtova
et al., 2016).

Qualitative parameters of baked rolls are summarized in
Table 3. Loaf volume is used as a criterion to measure the
quality of fresh bread in the industrial quality control, and
by consumers. Specific volume of loaves of bread provides
a uniform basis for comparing results of various studies. It
is an indication of the gluten content of the bread but other
constituents such as starch and fibre also contribute to the
specific volume of bread (Laukova et al., 2016a). It was
observed that with increasing addition level significantly
decreased the volume and specific volume of baked rolls
from 294.25 cm’ (control) to 129.25 cm’ (10% PP) and
from 327.20 cm’.100 g (control) to 141.52 ¢cm’.100 g
(10% PP), respectively. Similar effect on loaf volume was
described by Giil and Sen (2017) when rosehip seed
powder was used as flour substituent. In general, breads
obtained from dough with a lower consistency achieved
higher specific volumes, whereas more consistent dough
produced breads with lower specific volumes (Martinez et
al., 2014). This phenomenon was possibly a result of the
fiber weakening or crippling dough structure and reducing
CO, gas retention. Moreover, appreciable amounts of
water could have strongly bound to the added fibers during
bread-making, so less water was available for the
development of the starch-gluten network, causing an
underdeveloped gluten network and reduced loaf volume
(Sivam et al., 2010).

Cambering (loaf height/width ratio) shows the loaf height
to width ratio of loaves. Its higher value is desirable and
predicts the product with better shape. Ideally the loaf
should have an arched shape, rounded at transition from
the bottom to the upper crust, and have a high ratio of
width to height (Bojiianska and Mocko, 2014). It is
known that cambering values between 0.60 and 0.70 are
deemed to be good and cambering values below 0.50 are
considered insufficient (Kohajdova et al., 2013). From the
results concluded that increasing of proportion level of PP

Table 4 Sensory parameters of baked rolls with addition of PP.

Appearance Crumb Crust Flavour Taste Adhesiveness Overall

colour colour acceptance

control 8.40 £0.39 8.35 +0.41 8.16 +0.34 8.12 +0.27 8.21 £0.22 8.05 +0.37 87.50 +4.25

PP 2.5% 8.20 £0.13 8.32 +0.15 8.21 £0.07 7.52 £0.12* 8.11 £0.10 7.31 £0.17* 88.60 +3.13

PP 5% 8.39 £0.22 8.78 +0.16 8.49 +0.06 7.43 +£0.08* 8.14 +0.10* 7.54 £0.07* 87.20 +1.75

PP 7.5% 8.07 £0.09* 8.31 £0.13 8.20 +0.13 7.30 £0.18* 7.40 £0.15* 7.05 £0.11*%  82.40 £2.95*

PP 10% 7.70 +£0.08* 8.20 +0.13* 8.03 +0.08* 7.40 £0.15* 7.52 +0.12* 6.76 £0.19*  82.00 +£2.05*

Note: PP — pumpkin powder, * denotes statistically significant difference at p <0.05 level.
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Figure 2 Firmness of PP enriched rolls during storage. Note: PP — pumpkin powder.

in caused lower values of cambering. Similar findings
were described by Kohajdova et al. (2012) for carrot
powder enriched bakery products.

Determining the actual baking losses is very important as
the finished product after baking must have a defined
weight. The loss by baking is influenced mainly by the
weight of the product, by shape and moisture content
(Bojiianska and Mocko, 2014). It can be noticed that
baking loss decreased with addition of PP.

Crumb texture is an important attribute of bread quality,
and the protein fraction plays a key role in the formation of
the structure, gas retention, and volume of breads (Conte
et al., 2016). Firming of bread crumb during storage is a
common phenomenon and leads to a crumbly texture, and
lower consumer acceptance. This parameter is the
preferred parameter used to evaluate staling development
(Kohajdova and Karovicova, 2007). The textural
properties of baked rolls are presented in Figure 2. From
the results concluded that incorporation of PP increased
the rolls firming 2h after baking. Moreover, firmness of
rolls increased during storage. The hardening effect
observed after addition of DF results from the dilution of
gluten content and also due to the thickening of the walls
surrounding the air bubbles in the crumb (Kohajdova et
al., 2012).

The effects of PP incorporation on sensory properties of
baked rolls are showed in Table 4. It was observed that
addition of PP in baked rolls had no significant effect on
sensory attributes. The rolls enriched by PP had acceptable
shape and crust colour. The highest score of crust colour
was observed at 5% addition level. It was also concluded
that PP enriched rolls had pleasant taste and flavour. On
the other hand, incorporation of PP caused higher values of
adhesiveness. The overall acceptances of enriched rolls
were comparable with control sample. Furthermore,
products with addition of 2.5% PP were the most
acceptable for assessors.

CONCLUSION

This study showed that pumpkin powder had good
hydration properties (high water holding and swelling
capacity). Incorporation of pumpkin powder caused higher
water absorption and longer dough development time.
Addition of pumpkin powder significantly (p <0.05)
affected the qualitative parameters of baked rolls (volume,
cambering and baking loss decreased). Firmness of baked
rolls increased with increasing level of pumpkin powder.
Moreover, firmness values increased during 72 h. Sensory
evaluation showed that most acceptable baked rolls were
obtained by addition of 2.5% pumpkin powder. Enriched
rolls were characterized with pumpkin flavour and after
taste.
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THERMO-MECHANICAL PROPERTIES OF DOUGH ENRICHED WITH WHEAT
BRAN FROM DIFFERENT WHEAT VARIETY

Michaela Laukova, Jolana Karovicova, Zlatica Kohajdova, Lucia Minarovi¢ova

ABSTRACT

Wheat bran is the by-product derived from the wheat milling and represents a good source of dietary fiber. Consumption of
wheat bran is associated with many health benefits. The hydration properties (water holding, water retention and swelling
capacity) and oil binding capacity of bran from various wheat variety were investigated. It was showed that the water
holding capacity of bran ranged from 2.27 to 2.98 g.g”', which were approximately four times higher compared to wheat
flour. Also, it was observed that commercial wheat bran was characterised with the highest swelling capacity (5.21 mL.g™")
and the lowest water retention and oil binding capacities (1.38 and 1.35 g.g”', respectively). Mixing and pasting properties
of wheat dough with addition of bran at different level (5, 10 and 15%) were studied using Mixolab. From the results it was
concluded that water absorption and dough development time increased with addition of different bran, while dough
stability decreased. Moreover, with increasing addition level of different bran significantly affected the thermo-mechanical
properties of wheat dough. The lowest effect on protein weakening was found after addition of spelt bran. The higher starch
pasting ability of enriched dough was recorded after incorporation of bran from crossbreed Lubica. Furthermore, it was
found that dough enriched with the commercial wheat bran was characterized by the lowest values of C3 (lower starch
pasting ability), C4 (lower stability of hot formed gel) and C5 (lower starch retrogradation) parameters.

Keywords: wheat bran; spelt bran; functional properties; dough rheology; Mixolab

INTRODUCTION

Triticum aestivum L. is one of the major crop worldwide
and mainly in the Mediterranean-type temperate zones, it
is used for production of staple food (Gotti et al., 2017).
The quality of wheat is genetically conditioned and
influenced by soil conditions, climate, technology,
diseases and pest attack. Therefore, in order to have the
chance to harvest quality wheat it is absolutely necessary
to cultivate a variety that has the potential to develop that
quality and for people to provide conditions for the wheat
to achieve its potential (Constantinescu et al., 2011).

Interest in the development of dietary fiber enriched
foods has grown significantly as a result of increasing
health awareness among consumers and food industry. As
a complement of wheat flour in milling, one of the most
obvious sources of dietary fiber in the baking industry is
wheat bran (Jacobs et al., 2015). Wheat bran is mainly
composed of epidermis, peel, seed, nucellus layer, and
aleurone layer (Yan et al., 2015). Regarding the different
types of bran fraction, there are quantitative and
qualitative differences among the different cereal grains.
Different types of bran have a different chemical
composition; it depends on grain genetics, the

agricultural background, and the milling process
(Jefremova et al., 2015). The wheat bran is rich in total
dietary fiber (36.5 — 52.4%, w/w), and >90% of that is
water-insoluble, thus the wheat bran might have significant
prebiotic and antioxidant activities in lowing the risk of
cardiovascular diseases, and provide the best protections
against tumor, cancer and neurodegenerative diseases
mainly because of the phenol compounds (Jefremova et
al.,, 2015). However, addition of bran has negative
consequences on bread volume and organoleptic
properties, depending on wheat cultivar, particle size, and
the other treatment applied to bran (Gémez et al., 2011).
Rheological tests on dough can predict their behaviour in
a bakery, although only if the applied stress and the extent
of the deformation are in the same range as those
encountered during dough processing (Rodriguez-
Sandoval et al., 2012). The traditional instruments, which
provide practical information for the cereal industry,
measure the power input during dough development
caused by a mixing action (farinograph, mixograph) and
determine the extensional deformation of a prepared dough
(extensigraph, alveograph) (Minarovifova et al., 2017).
Mixing and pasting properties of wheat flour dough can be
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studied by Mixolab, which is a new tool capable of giving
empirical rheological measurements of flour quality. The
instrument allows analysing the quality of the protein
network and the starch behaviour during heating and
cooling (Jia et al., 2011). The incorporation of wheat bran
into wheat dough greatly interferes with protein
association and its further aggregation during heating.
Presumably, fibers occupy the space of the proteins in the
gluten network. In addition, a fiber also affect pasting
characteristics of starch such as peak viscosity, breakdown
and final viscosity (Xhabiri et al., 2016).

Scientific hypothesis

The objective of this study was to determine the effect of
substituting wheat flour with different bran on pasting and
mixing properties of dough. The functional properties of
different bran were also evaluated.

MATERIAL AND METHODOLOGY

The bran from wheat Lubica (LB) (crossbreed Triticum
aestivum X Triticum spelta) and different wheat cultivars
B1 and B2 (wheat variety with purple colour of grain)
were obtained from Research and Breeding Station, Vigl'as
Pstrusa, Slovakia and Research Institute of Plant
Production Piestany, Slovakia. Commercial wheat bran
(B3) (PRO-BIO, s.r.0., Staré mesto, Czech Republic), spelt
bran (SB) (PRO-BIO, s.r.o., Staré mesto, Czech Republic)
and wheat flour (WF) (Penam Slovakia, a. s., Nitra, Slovak
Republic) (moisture 10.53%, wet gluten 31.24% and dry
gluten 10.17%) were purchased in local market.

Functional properties
The Hydration properties (water holding capacity, water
retention capacity and swelling capacity) of bran were
determined according to the method described by de
Escalada Pla et al. (2010) with slight modifications.
Water-holding capacity (WHC). An accurately
weighed dry sample (1.000 g) was hydrated in a graduated

tank temperature

conical tube with 20.0 mL of water for 18 h at room
temperature. The supernatant was decanted and the weight
of the hydrated residue was recorded. After drying at
105°C to constant weight, the residual dry weight was
obtained.
WHC (g.g") = (Hydrated residue weight - dry residue
weight)/dry residue weight

Water retention capacity (WRC). An accurately
weighed dry sample (1.000 g) was hydrated in a graduated
centrifuge tube with 20.0 mL of water for 18 h at room
temperature. Centrifugation for 20 min at 2500 xg was
then performed into the same tube. The supernatant was
separated and the weight of the hydrated residue after
centrifugation was recorded. After drying at 105°C to
constant weight, the residual dry weight was obtained.
WRC (g.gh) (hydrated residue weight after
centrifugation - dry residue weight)/dry residue weight

Swelling capacity (SC). An accurately weighed dry
sample (1.000 g) was placed in a graduated conical tube
and 10.0 mL of water was added. It was hydrated for 18 h
and after this time, the final volume attained by the fiber
product was measured. Swelling capacity was calculated
using:
SC (mL.g") = volume occupied by the sample / original
sample weight

QOil binding capacity (OBC) of bran were determined
using method reported by Sangnark et al. (2004) with
slight modification. A dried sample (1.000 g) was mixed
with vegetable oil in a centrifugal tube and left for 1 h at
room temperature. The mixture was then centrifuged at
2500xg for 15 min. The supernatant was separated and the
weight of the residue was recorded. OBC was expressed as
follows:
OBC (g.g") = (residue weight-dry weight) / dry weight

Rheological properties
Wheat flour was replaced with various brans at different
levels (5, 10 and 15 %). Rheological properties of wheat

dough temperature
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Figure 1 Typical Mixolab Curve (Dapcevi¢ Hadnadev et al., 2011).
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dough enriched with bran were determined using Mixolab
(Chopin Villeneuve-la-Garenne, France) according to Jia
et al. (2011). The settings used in the test were 8 min at
30°C with a temperature increase of 4°C/min until the
mixture reached 90°C. There was a 7-min holding period
at 90°C, followed by a temperature decrease of 4°C/min
until the mixture reached 55°C, and then 6 min of holding
at 55°C. The mixing speed during the entire assay was 80
rpm.

The typical Mixolab curve (Figure 1), showing the
following parameters: water absorption (%) — WA or the
percentage of water required for the dough to produce a
torque of 1.1; dough development time (min) — DDT or the
time to reach the maximum torque at 30 °C; stability (min)
S or time until the loss of consistency is lower than 11% of
the maximum consistency reached during the mixing;
initial maximum consistency (Nm) C1, used to
determine the water absorption; torque at the end of the
holding time at 30 °C (Nm) — C1.2; mechanical weakening
(Nm) — the torque difference between C1 and Cl1.2;
minimum consistency (Nm) — C2, the minimum value of
torque produced by dough passage while being subjected
to mechanical and thermal constraints; thermal weakening
(Nm) — the difference between the C1.2 and C2 torques;
pasting temperature (°C) — the temperature at the onset of
this rise in viscosity; peak torque (Nm) — C3, the
maximum torque produced during the heating stage; peak
temperature (°C) — the temperature at the peak viscosity;
minimum torque (Nm) — C4, minimum torque reached
during cooling to 50°C; breakdown torque (Nm) -
calculated as the difference between C3 and C4; final
torque(Nm) — C5, the torque after cooling at 50°C; setback
torque (Nm) — the difference between C5 and C4 torque
(Dapcéevi¢ Hadnadev et al., 2011).

Statisic analysis

All measurement were carried out in triplicate and the
results were expressed as mean standard deviation.
Significant differences between mean values at
significance level p <0.05 were compared using Student’s
test using MS Excel version 2010.

RESULTS AND DISCUSSION

The hydration properties of dietary fiber determine their
optimal usage levels in food because a desirable texture
must be retained. Usually, the hydration properties are
described by three different measurable parameters such as
water holding, water retention and swelling capacity
(Raghavendra et al., 2006). The hydration properties and

Table 1 Functional properties of different wheat bran.

oil absorption capacity of bran from different wheat
variety are presented in Table 1.

WHC is defined by the quantity of water that is bound to
the fibers without the application of any external force,
except for gravity and  atmospheric  pressure
(Raghavendra et al., 2006). Generally, it was observed
that the WHC values for bran were higher than WHC for
wheat flour. The polysaccharide constituents of dietary
fibers are strongly hydrophilic. Water is held on the
hydrophilic sites of the fiber itself or within void spaces in
the molecular structure (Mudgil and Barac, 2013). The
highest WHC value (2.98 g.g'l) was determined for SB,
while the lowest WHC value was for B2 (2.27 g.g™).
Higher WHC values were reported by Lebesi and Tzia
(2012) for oat and rice bran (3.13 — 4.53 g.g'l). The high
WHC values could indicate a lightness improve of food
products where they were added (Sharoba et al., 2003).

The WRC is the quantity of water that remains bound to
the hydrated fiber following the application of an external
force (pressure or centrifugation) (Chantaro et al., 2008).
It was concluded that WRC ranged from 1.38 g.g™" (B3) to
1.92 g.g'1 (B1), which were similar to data presented by
Esposito et al. (2005) for wheat bran (1.5 — 2.1 g.g™).
Dietary fibres with high WRC can be used as functional
ingredients which can modify the viscosity and texture of
some formulated foods (Nandi and Ghosh, 2015).

SC indicates how much the fiber matrix swells as water
is absorbed, including loosely associated water. It is a
consequence of the macromolecule relaxation during
hydration, which leads to an increment in the occupied
volume by the fiber product. The greater capacity to swell
is the most desirable parameter for the physiological
functionality of DF (Lebesi and Tzia, 2012). The SC
values of bran determined in this study (3.97 — 5.21 mL.g’
" were higher than those presented by He et al. (2018) for
hard white winter wheat bran (1.6 — 2.8 mL.g").

OBC is another important property for the ingredients
used in the formulation and stabilisation of food with high
percentage of fat and emulsion. In fact, insoluble fibres
can retain up to five times of their mass in oil. It can be
beneficial for flavour retention and yield improvement
technology (Yaich et al., 2015). Furthermore, the OBC of
fiber sources samples are also related to the particle size,
overall charge density and hydrophilic nature of the
individual particles (Sharoba et al., 2003). From the
results concluded that OBC values of different bran (1.35 —
1.79 g.g™") were higher than were reported for crude and
extruded wheat bran (1 —1.25 g.g'l) (Yan et al., 2015).

WHC (g.g") WRC (g.g™) SC (mL.g™") OBC (g.gh)
WF 0.65 +0.04 0.52 +0.02 2.21 +0.01 0.28 +0.02
SB 2.98 +0.07 1.68 +0.02 5.19 +0.01 1.73 +0.01
LB 2.68 +0.02 1.71 +0.09 4.58 +0.02 1.79 +0.03
B1 2.59 +0.09 1.92 0.04 3.97 +0.04 1.41 +0.01
B2 2.27 £0.01 1.86 +0.02 4.38 +0.08 1.52 +0.02
B3 2.44 +0.08 1.38 £0.01 5.21 £0.02 1.35 +0.01

Note: B1 — bran from new variety of wheat, B2 — bran from variety with purple colour of grain, B3 — commercial wheat
bran, LB — bran from crossbreed Lubica, OBC — oil binding capacity, SB — spelt bran, SC — swelling capacity, WF —
wheat flour, WHC — water holding capacity, WRC — water retention capacity.
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Rheological properties of dough are very important
indices for product development in terms of product
quality and process efficiency (Minarovicova et al.,
2017). Incorporation of fiber into wheat flour interacts
directly with structural elements of the three dimensional
gluten network and disrupts the starch-gluten matrix,
affecting the rheological behaviour of blended dough
during mixing, sometime causing negative effect on the
finished bread quality (Mironeasa and Codina, 2013).
The mixing properties of wheat dough with addition of
different bran are summarized in Figure 2.

WA, which is expressed as the quantity of water needed
to reach the defined dough consistency, is mainly reflected
the contents of gluten protein in wheat flour (Teng et al.,
2015). It was observed that WA increased with addition of
bran at all addition levels compared to wheat flour
(55.9%). High WA 1is important from the economical point
of view and avoiding staling (Mosharraf et al., 2009).
From the results also concluded that WA significantly
increased with addition of SB, LB, B1 and B2 at addition
level 10 and 15%, while incorporation of B3 resulted in
significantly higher WA at all addition levels. This effect
can be explained by the high fibre content of bran,
specifically of pentosans, which have a high water-
absorption capacity, as the addition of fibre had a similar
effect on water-absorption. The explanation of this
phenomenon is based partly on the fact that the fibre
structure contains a large number of hydroxyl groups,
which interact with the hydrogen bonds of water (Gémez
et al., 2011). Similar observations were found in case of
addition of wheat bran by other autors (Aravind et al.,
2011, Xiong et al. 2017).

DS is related to the quality of the protein matrix, which is
easily damaged by the incorporation of other ingredients,
due to gluten dilution (Minarovi¢ova et al., 2017). This
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Figure 2 Dough development time and dough stability.

study also showed that DS decreased with addition of
different bran. Furthemore, the highest DS values were
observed after addition of SB (10.40, 10.35 and 10.18
min). Similar effect was also previously observed by Boita
et al. (2016) and El-Sharnouby et al. (2012) after
addition of wheat bran and mixture of wheat bran and date
powder to wheat dough.

DDT is an important factor because it reflects the time
between the first addition of water and the time when
the dough seems to have optimum elastic and viscous
properties for the retention of gas. DDT depends on the
water absorption speed of flour constituents to form a
smooth and homogenous appearance (Vizittiu et al.,
2011). It was observed that DDT values significantly
prolonged with increasing addition level of different bran
except of addition B1 at level 5%. This effect could be
attributed to a fiber-gluten interaction, which prevents
protein hydration (Messia et al., 2016). These results were
in agreement with those obtained by Gémez et al. (2011)
and Xiong et al. (2017) after incorporation of wheat bran
to wheat dough.

The thermo-mechanical properties of composed dough
were presented in Table 2. Parameter C2 shows that with
increase in temperature and mixing stress, the dough
strength decreases as a result of protein weakening
(Sharma et al., 2017). From the results it was stated, that
with increasing addition level of different bran parameter
C2 significantly decreased except of incorporation of SB at
level 5 and 10%. The lower C2 torque demonstrating
greater weakening in proteins (Gulia and Khatkar, 2014).
The high decrease in parameter C2 may be attributed to the
gluten dilution, thus losing some of its elasticity and
becoming more extensible and less resistant (Mironeasa
et al., 2016).

After C2 the torque starts to increase and this is the stage

{11 AR

5%

10% 15% 5% 10% 15% 5% 10% 15%

B1 B2 B3

B Dough development time

Note: B1 — bran from new variety of wheat, B2 — bran from variety with purple colour of grain, B3 — commercial wheat
bran, LB — bran from crossbreed Lubica, SB — spelt bran, WF — wheat flour.
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Table 2 Thermo-mechanical properties of dough with addition od different wheat bran.

WA (%) C2 (Nm) C3 (Nm) C4 (Nm) C5 (Nm)
WF 0% 55.9 +£0.00 0.575 £0.030 2.109 £0.022 1.895 +0.039 2.956 £0.091
SB 5% 59.50 £0.03 0.572 £0.004 1.867 £0.009* 1.599 +£0.021* 2.701 £0.135%*
10% 61.50 £0.00* 0.570 £0.005* 1.841 £0.013* 1.553 £0.021* 2.618 £0.045*
15% 62.78 £0.04* 0.569 +£0.009* 1.814 £0.009* 1.496 +£0.022* 2.576 £0.068*
LB 5% 56.60 £0.00 0.458 £0.011* 2.061 £0.013* 1.808 £0.065* 2.940 £0.065
10% 57.20 £0.01* 0.451 £0.016%* 2.023 £0.022%* 1.753 £0.035%* 2.877 £0.035%*
15% 57.48 £0.05* 0.448 £0.012%* 1.992 +0.024* 1.712 £0.021* 2.744 £0.021*
B1 5% 56.20 £0.02 0.446 £0.010%* 2.010 £0.018%* 1.715 £0.036* 2.806 +£0.089*
10% 57.35 £0.02* 0.430 £0.017* 1.930 +0.024* 1.594 £0.025%* 2.563 £0.055%*
15% 57.75 £0.03* 0.428 £0.018* 1.891 +£0.028 1.507 £0.047* 2.489 £0.117*
B2 5% 56.33 £0.08 0.462 £0.013* 2.055 £0.019* 1.833 +£0.081* 2.973 £0.190
10% 57.00 £0.00* 0.455 +0.008* 2.028 £0.019* 1.766 +£0.020* 2.810 £0.050*
15% 58.00 +£0.00* 0.458 £0.012* 1.984 +0.013* 1.673 £0.018* 2.742 +0.017*
B3 5% 59.60 +0.00* 0.563 £0.011* 1.839 +£0.027* 1.537 £0.039* 2.452 £0.070%*
10% 61.40 £0.01* 0.546 £0.006* 1.801 +£0.003 * 1.460 +£0.026* 2.347 £0.062*
15% 61.87 £0.00* 0.531 £0.023* 1.751 £0.045%* 1.373 £0.018* 2.300 £0.043*

Note: B1 — bran from new variety of wheat, B2 — bran from variety with purple colour of grain, B3 — commercial wheat
bran, LB — bran from crossbreed Lubica, SB — spelt bran, WA — water absorption, WF — wheat flour, * denotes

statistically significant difference at p <0.05 level.

when gelatinization process starts and it keeps on
increasing till C3 is reached. The C3 is the maximum
torque obtained during the heating stage resulting in
increase in consistency due to bursting of the starch
granules (Sharma et al., 2017). WF contributed to a better
starch performance of the samples (higher starch
gelatinization, C3) than composite flour with bran. This
could be ascribed to the competence for water established
between the starch and the bran (Hadnadev et al., 2011).
The C3 value for WF was 2.11 Nm. As can be seen from
the Table 2, values C3 decreased with increasing addition
level of bran. The lowest values were observed for dough
with addition of B3.

The further viscosity reduction in C4 is the result of the
physical breakdown of the granules due to the mechanical
shear stress and the temperature constraint (Hadnadev et
al., 2011). It was observed that addition of different bran
significantly decreased C4 values at all addition levels. A
lower torque indicates lower stability of hot-formed gel
(Gulia and Khatkar, 2014). Bran is mainly from the grain
mantle that contains also large quantity of a-amylases the
cause of the reduction of the above mentioned values
(Xhabiri et al., 2013).

The C5 is the maximum torque of the cooling stage,
which reflects starch retrogradation (Wang et al., 2017).
This study also showed, that addition of SB and B3
significantly decreased the C5 values at all addition levels.
Furthermore, it was found that the lowest values were
recorded after incorporation of bran B3. Lowering in
starch recrystallization rate could progressively prolong a
shelf-life of end product (Svec and Hruskova, 2015).

CONCLUSION

In this study the functional properties of different wheat
bran (spelt bran, wheat bran from new wheat variety and
bran from crossbreed of Triticum aestivum x Triticum
spelta) were evaluated. Rheological properties of dough

with addition of bran were also examined. In general, bran
from different wheat variety were characterised with good
hydration properties. Spelt bran was characterized with the
highest water absorption value. From the results also
concluded, that addition of different bran had significant
(p <0.05) effect on mixing and pasting properties of wheat
dough. The water absorption increased and dough
development time prolonged with addition of bran, while
dough stability decreased. The highest value of water
absorption was observed after incorporation of spelt bran.
This study also showed that increasing of addition level of
different bran significantly (p <0.05) affected the
weakening of protein structure (C2), stability of hot-
formed gel (C4) and retrogradation of starch (C5).
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EFFECT OF DIFFERENT REVERSE TRANSCRIPTION APROACHES IN Prup 3
TRANSCRIPTS SEMIQUANTITATIVE AMPLIFICATION

Jana Ziarovskd, Mati§ Kysel’, Lucia Zelendkova, Eloy Fernandez Cusimamani

ABSTRACT

Reverse transcriptase transcribes the cDNA based on its previous extraction and standardization. Reverse transcription step
is considered to be critical in the workflow of quantification of transcribed genes. The aim of the study was to extract total
RNA by different methods and to analyse the results of the subsequent reverse transcription reaction when different
commercial RT kits were used to process RNA extracted from pulp of matured peach fruit. Mature peach pulp was used in
the study. The fruit of variety Vistarich was collected in summer 2017 in the orchard of Dvory nad Titavou. Two RNA
extraction methods, TRIzol® Reagent and GeneJET Plant RNA Purification Kit, were tested in to determine the suitable
method for peach fruit RNA extraction. Three different cDNA reagent sets were used to transcribe 115 ng/500 ng total
RNA or 11 ng/115 ng, respectively. Both variants of the primers, random hexamers as well as oligo (dT) 18, were used to
anneal the target mRNA of Pru p 3 allergen following the manufacturer instructions. No specific effect was obtained in the
case of peach fruit when using ethanol-extracted tissue treatment and the effect of the used extraction method was more
significant. The A260/230 ratios were similar for three from four tested methods. In the case of these three methods, the
A260/A230 ratios for all the extracted samples were higher than 1.9 which indicates high purity without contamination by
polyphenols and polysaccharides. The specificity of obtained amplicons was proved by restriction cleavage using Tse I
restriction endonuclease. This provided the cleavage of the 179 bp long product in all amplicons. Working with mature
fruit meet a specific situation in the field of RNA extraction and subsequently all the downstream applications. That is, why
choosing the most fitting methods and kits is a crucial step. Here, the method for the semi-quantitative analysis of the Pru p
3 allergen expressions was set up in the way that will be directly applicable for Pru p 3 expression analyses.

Keywords: reverse transcription; peach; RNA extraction; Pru p 3; semiquantitative amplification

INTRODUCTION amplification of different types of mRNA (Nicot et al.,
The variable types of specific analytical procedures are 2005).

used to describe plant genome variability and plant

transcriptomic characteristics actually. Different DNA

markers are used for the purpose of the genome mapping

and revealing their natural variability (Vivodik et al.,

2015; RazZna et al., 2016). Quantifying of gene expression

is one of the well establishing methods that are a part of a

research in many different area of interest (Ka¢aniova et RIA

al, 2012; Ziarovska et al, 2013). RT-PCR (reverse quanity

transcriptase polymerase chain reaction) transcribes the

cDNA based on its previous extraction and

standardization. Reverse transcription step is considered to

be critical in the workflow of quantification especially for

the low copy transcribed genes (Sanders et al., 2014). The _ RNA gDNA

process of reverse transcription optimizing comprises from integrity kel

a several steps (Figure 1) that conditioned the final

efficiency of the analysis.
The research strategy based on the RT method is a very

reproducible one, gives a very high precision and allows Figure 1 Components of reverse transcription process

optimization.

RNA
secondary

structure

Volume 12 209 No. 1/2018



Potravinarstvo Slovak Journal of Food Sciences

The aim of the study was to extract total RNA by
different methods and to analyse the results of the
subsequent reverse transcription reaction when different
commercial RT kits were used to process RNA extracted
from pulp of matured peach fruit.

Scientific hypothesis

Here, two premises were set up for the experiments.
1) The secondary metabolites content in the peach fruit is
well-drained by water content that allow use the standard
extraction method, even those of commercially available.
2) Effectivity of reverse transcription will be different for
the same peach extracted RNA for different cDNA
synthesis kits used to process it.

Statistical analysis

The primary testing for both of the hypothesis data was
based on the qualitative analysis by resolution through an
agarose gel. Statistical evaluation of the results was used
for data obtained for RNA extraction method and for
results of reverse transcription. It was realized by
ezANOVA software for Windows
(http://www.cabiatl.com/mricro/ezanova/) Measurements
of repeating of samples were expressed as means +
standard deviation. The data were subjected to the one
factorial ANOVA pairwise comparisons with Tukey HSD
with the level of significance associated to the statistical
test 0.01. The null hypothesis was tested that a difference
exists among the amounts of extracted RNA depending on
the extraction method used as well as in effectivity of
reverse transcription.

MATERIAL AND METHODOLOGY
Biological material

Mature peach pulp was used in the study. The fruit of
variety Vistarich was collected in summer 2017 in the
orchard of Dvory nad Titavou. Collected fruit were stored
in -20°C until the processing.

RNA extraction method and quality/quantity checking

Two RNA extraction methods, TRIzol® Reagent
(Invitrogen) and GeneJET Plant RNA Purification Kit —
(Thermo Fisher Scientific), were tested in to determine the
suitable method for peach fruit RNA extraction. Both of
the methods were tested in two ways — without any change
of the manufacturer’s instruction and with the initial step
of ethanol-extracted method of the peach tissue
preparation following the protocol according the Asif et al.
(2006). The samples were signed as determined in the
table 1. Extracted RNA quantity was analysed by
Nanodrop spectrophotometer (Thermo Scientific) with
absorbances at 230 nm, 260 nm and 280 nm.
Contamination level of the extracted RNA by protein and
polysaccharides and phenolic compounds was determined
as the ratio of the A260/A280 and A260/A230
absorbances. Integrity of the extracted RNA was analysed
in 1% agarose gel stained with GelRed™ (Biotium).

Reverse transcription
Three different cDNA reagent sets were used to
transcribe 115 vs. 500 ng of total RNA or 11 vs. 115 ng,

respectively as follows: Tetro cDNA Synthesis Kit
(Bioline), Maxima First Strand cDNA Synthesis Kit for
RT-gPCR with dsDNase (Thermo Scientific) and
AccuScript High Fidelity 1* Strand cDNA Synthesis Kit
(Agilent Technologies). Both variants of the primers,
random hexamers as well as oligo (dT) 18, were used to
anneal the target mRNA of Pru p 3 allergen following the
manufacturer instructions. The reverse transcription
reactions were performed at the time and temperature
settings recommended by the supliers, too. A half of the
obtained transcription product was cleaned by
AgencourtAMPure XP purification system (Beckman
Coulter) following the manufacturer’s instructions,
dissolved in water subsequently and measured for the
quantity and quality by NanodropNanophotometer™. The
second half of the transcription product was subjected to
semi-quantitative amplification.

Table 1 Codes of samples used in the RNA extraction
method testing.

RNA extraction method Codes of 10 samples

extracted in total

GeneJET Plant RNA Purification Al -A10
Kit without change

GenelJET Plant RNA Purification B1-B10
Kit with ethanol-extracted step

TRIzol® Reagent method Cl1-Cl10
without change

TRIzol® Reagent with ethanol- DI -DI10

extracted step

Semi-quantitative amplification and product specificity
checking

Amplification of Pru p 3 allergen transcripts were
performed by Combi PPP Master Mix (Top-Bio) using the
300 nmoL x dm™ of the specific primers and 100 ng of
transcribed cDNA. Primers for the amplification of Pru p 3
allergen were designed by Primer3web version 4.0.0
(http://primer3.ut.ee/) on the base of sequence from NCBI
under the accession AY620230.1. Thermal profile of PCR
reactions was as follows: 94 °C, 1 minute, 35 x (94 °C for
20 seconds; 60 °C for 20 seconds; 72 °C for 30 seconds)
and final 72 °C 7 minutes. PCR products specificity was
checked using the 2% AGE and confirmed subsequently
by Tse I (NEB Enzymes) restriction cleavage.

RESULTS AND DISCUSSION

RNA isolation is often the most serious difficulty to solve
in the workflow of gene expression analysis during fruit
development and ripening. This obstacle is caused by the
biochemical nature of secondary metabolite concentrations
in fruit and its changes that occur during the process of
ripening. That is, what affect both the quantity and quality
of isolated RNA Gudenschwager et al. (2012).

Here, four protocols were used to extract total RNA from
the pulp of peach that is known to contain high levels of
polysaccharides and polyphenolic compounds (Gil et al.,
2002; Hu et al., 2002).

The A260/230 ratios were similar for three from four
tested methods (Table 2).
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Table 2 Purity and yield analysis of total extracted RNA from peach pulp using different methods.

Quantity and quality parameters

Method A260/A208 A260/A230 RNA yield
+SD +SD ng.uL-£SD Number of samples
A 2.00 +£0.22 2.12 +0.10 340 £71 10
B 1.98 £0.13 1.88 £0.37 400 +20 10
C 1.84 +0.25 1.86 +£0.16 35428 10
D 1.95+0.18 1.98 £0.03 18 +7 10

Note: A — GeneJET Plant RNA Purification Kit without change; B — GeneJET Plant RNA Purification Kit with
ethanol-extracted step; C — TRIzol® Reagent method without change; D — TRIzol® Reagent with ethanol-extracted

step

Table 3 ANOVA analysis of the yield of RNA extraction methods used.

Descriptive Extraction method
details A B C D
Mean 340 400 35 18
StDev 71 20 28 7
SE 40.99 11.55 16.17 4.04
Var 5041 400 784 49
CI95% 52.73 52.73 52.73 52.73
N 10 10 10 10
Skew 0 0 0 0
zSkew 0 0 0 0

PAIRWISE COMPARISONS [Q=TukeyHSD: **=p <0.01]
[A] vs [B] t(4) = 1.41 p<0.2317 Q=2.6240

[A] vs [C] t(4) = 6.92 p <0.0023 Q = 13.3388**

[A] vs [D] t(4) = 7.82 p <0.0014 Q = 14.0823**

[B] vs [C] t(4) = 18.37 p<0.0001 Q = 15.9629%*

[B] vs [D] t(4) =31.22 p <0.0001 Q = 16.7064**

[C] vs [D] t(4) = 1.02 p <0.3653 Q=0.7435

Note: A — GeneJET Plant RNA Purification Kit without change; B — GeneJET Plant RNA Purification Kit with
ethanol-extracted step; C — TRIzol® Reagent method without change; D — TRIzol® Reagent with ethanol-extracted

step.

Table 4 Influence of the priming method on the cDNA yield using different kits.

Variant of the reverse transcription

Amount of transcribed
product in 1 pLL

Tetro cDNA Synthesis Kit/ oligo dT(18) primers/ 115 ng RNA in reverse transcription
Tetro cDNA Synthesis Kit/ random primers/ 115 ng RNA in reverse transcription
Tetro cDNA Synthesis Kit/ oligo dT(18) primers/ 500 ng RNA in reverse transcription
Tetro cDNA Synthesis Kit/ random primers/ 500 ng RNA in reverse transcription
Maxima First Strand cDNA Synthesis Kit for RT-qPCR with dsDNase/ primer mix/
115 ng RNA in reverse transcription

Maxima First Strand cDNA Synthesis Kit for RT-qPCR with dsDNase/ primer mix/
500 ng RNA in reverse transcription

AccuScript High Fidelity 1st Strand cDNA Synthesis Kit / oligo dT(18) primers/

11 ng RNA in reverse transcription

AccuScript High Fidelity 1st Strand cDNA Synthesis Kit / random primers/

11 ng RNA in reverse transcription

AccuScript High Fidelity 1st Strand cDNA Synthesis Kit / oligo dT(18) primers/

115 ng RNA in reverse transcription

311
353
1589
1568
1587

5847

1571

1469

14870
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Table 5 ANOVA analysis of the yield obtained by different transcriptions.

Descriptive c¢DNA synthesis kit

details Tetro Maxima Accu

Mean 322 1539.75 14603.75

StDev 22.88 50.7 432.85
SE 11.44 25.35 216.42
Var 523.33 2570.92 18358.92

CI95% 284.97 284.97 284.97
N 4 4 4
Skew 0.992 -0.005 -1.687

zSkew 0.81 -0.005 -1.378

PAIRWISE COMPARISONS [Q = TukeyHSD: ** = p <0.01]
[Tetro] vs [Maxima] t(6) = 43.78 p <0.0001 Q = 9.6662**

[Tetro] vs [Accu] £(6) = 65.90 p <0.0001 Q = 113.3647**
[Maxima] vs [Accu] t(6) = 59.95 p <0.0001 Q = 103.6986**

--E—m-u——p—ﬂe

el
Figure 2 Amplifigationof Pru pd ranseriptsip dhectpstad transcribed cDNA.

electrophoreogram
Note: 1 Tetro cDNA Synthesis Kit/ oligo dT(18) primers/ 115 ng RNA in reverse transcription
Code in the Vgrlant of qlgrg%ﬁﬁrg gyg; e%lss(i{llip gx?d%m primers/ 115 ng RNA in reverse transcription
electrophoreogram
1 Tétro cDN A8 shhesTytkes? b gbea (1R ppriers s FihE RIFK 1H¥E0ERe transcription
2 Tetro cDN AeSyeithiasisnikats Kandotomprinest §00lnk RN RN As¢rarsargrie transcription
3 Tatro cDNArSymthes i KitoNAgQ /L6 R Brneie/R300 AsBN Al ISNeTse { ARSCHIption
4 Tetro cDN AsSynthessivti¢it/ random primers/ 500 ng RNA in reverse transcription
5 Maxima Firdt<Btedire SN 08y Srtdiesis K for fiof-RAR qRCEONesthrdsE) Nias&00peitieérimix/ 115 ng RNA
in reverse A& TPHER" "
6 Mixima Fidt S RIS el FOR PR pOR WIMGSDNE Bititer mix/ 500 ng RNA
in reverse transcription o ) )
7 AdcuScript f,ﬁfgsfﬁ%ﬂi%lﬁ?elﬁ%sﬁ?‘é‘ﬁ&Dé‘Bﬁﬂhﬁ% SR o lig o T (18] Piimers/ 11 ng RNA

ngreverse aNSCHDUON. ridelity 15t Strand cDNA ]Sjrnthesis Kit / oligo dT(1 152 primers/ 115 ng RNA in

8 AccuScriptreldighrakiidelity 1st Strand cDNA Synthesis
il‘l geverse tr&é%ﬁ%ipﬂi-ﬂg% Fidelity 1st Strand cDNA Synthesis Kit / random primers / 115ng RNA in reverse

it / random primers/ 11 ng RNA

9 AccuScripttkbigirtidelity 1st Strand cDNA Synthesis Kit / oligo dT(18) primers/ 115 ng RNA

in reverse transcription

10 AccuScript High Fidelity 1st Strand cDNA Synthesis Kit / random primers/ 115ng RNA

in reverse transcription

Figure 3 Restriction analysis of
Note: Codes of the samples correspond to
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In the case of these three methods, the A260/A230 ratios
for all the extracted samples were higher than 1.9 which
indicates high purity without contamination by
polyphenols and polysaccharides. Here, the A260/A280
ratios varied between 1.88 and 2.12 for the extracted
samples with the lack of contamination by proteins. In
contrast, the samples extracted by TRIzol® Reagent
method without change showed protein contamination
indicated by the lower A260/280 ratios. Extraction
protocols tested in the study resulted in much higher
RNAyield in the case of GeneJET Plant RNA Purification
Kit with/without change in the manufacturer’s workflow
when compared to the TRIzol® Reagent method.

Ethanol-extracted step was added to the protocol because
of the removal of water and carbohydrates from fruit were
critical for obtaining high-quality and sufficient quantities
of RNA (Davis et al., 2006). Here, no specific effect was
obtained in the case of peach fruit when using ethanol-
extracted tissue treatment and the effect of the used
extraction method was more significant (Table 3). Setting
of the RNA extraction protocol efficiency differ highly for
the individual plant species, because Da Luz et al. (2016)
reported, that TIzol® Reagent/ice protocol is preferred for
extracting of P. edulis RNA. This method eliminates
polyphenols very effectively and a high amount of
extracted RNA was obtained for the reported species.

Extracted RNA with the best parameters of quality and
quantity was processed by different reverse transcription
strategies further. All the transcriptomic reactions actually
used are very dependent on the reliability of the reverse
transcription and the accuracy of this steps both, in the
experiments as well as in the diagnostics (Mannonen et
al.,, 2011; Huggett and Bustin, 2011). The reverse
transcription is still not completely understood (Stahlberg
et al., 2004) and in spite of its importance, it is considered
as an uncertain step of the transcriptomic analysis. Reverse
transcriptases possess a much higher error rates when
comparing them to other DNA polymerases (Roberts et
al.,, 1988). The sucsess here a mix of the effect of
secondary and tertiary structure of mRNA, priming
variability and effectivity, and finally the characteristics of
reverse transcriptase that is used. All this is strongly
affected by inhibitors that can persist in minor after RNA
extraction, especially in plant biological material
(Lekanne et al., 2002; Polumuri et al., 2002). Actually,
no unified method exists for plant species.

Three different cDNA synthesis kits were used to
transcribe 500 ng, 115 ng or 11 ng of extracted RNA
respectively. All of them are suitable for the RNA
extracted from plants and possess a certain range of the
starting amount of RNA. Tetro cDNA Synthesis Kit and
Maxima First Strand cDNA Synthesis Kit for RT-qPCR
with dsDNase were used in the 500 ng and 115 ng of RNA
and AccuScript High Fidelity 1% Strand cDNA Synthesis
Kit was used with the 115 ng and 11 ng of RNA, because
the manufacturer declares a lower amount of RNA that is
needed for the reverse transcription. Tetro cDNA
Synthesis Kit and AccuScript High Fidelity 1* Strand
cDNA Synthesis Kit was tested in the both, random
hexamers as well as oligo (dT) 18 primers. Maxima First
Strand cDNA Synthesis Kit for RT-qPCR with dsDNase
provides a primer mix that is prepared and mixed by the
supplier.

First, the sensitivity of the reverse transcription kits was
analysed. When comparing all three cDNA synthesis Kkit,
the starting amount specific differences were obtained
dependent in the amount of transcribed product among
variants of different amount of RNA used for the
transcription (Table 4). Further, the differences among the
individual kits were obtained. The lowest amount of
transcribed product measured in the case of Tetro cDNA
Synthesis Kit / 115 ng of RNA and the highest for the
Maxima First Strand cDNA Synthesis Kit for RT-qPCR
with dsDNase / 500 ng. All the three cDNA synthesis kits
are suitable for further processing of the transcribed
product with gene-specific primers. Tetro cDNA Synthesis
Kit contains MMLYV reverse transcriptase and is designed
to be used with the range of RNA from 100 pg up to the 2
pg. Maxima First Strand ¢cDNA Synthesis Kit for RT-
gPCR with dsDNase contains in vitro derivate of MMLV
reverse transcriptase and is designed to be used with the
range of DNA from 5 ng up to the 0.5 fg. AccuScript High
Fidelity 1* Strand cDNA Synthesis Kit contains a derivate
of MMLYV reverse transcriptase, too and is designed to be
used with a range of 10 ng up to the 5 pg. When
comparing data from the reverse transcription from 115 ng
that was realized by all the three tested cDNA Kkits,
statistical differences exist in the obtained amounts of
transcribed product (Table 5).

Second, the applicability and the incorporation of the
cDNA protocol to the workflow of Pru p 3
semiquantitative = PCR  were analysed. Individual
transcribed products were diluted and unified to the 100
ng.uL™" and the semiquantitative reactions were performed.
The PCR resulted in the negative amplification only in the
case of using the random primers for both of the tested
different starting amount of RNA with AccuScript High
Fidelity 1* Strand cDNA Synthesis Kit (Figure 2).

The specifity of obtained amplicons was proved by
restriction cleavage using Tse I restriction endonuclease.
This provided the cleavage of the 179 bp long product in
all amplicons (Figure 3).

Reverse transcription PCR is accepted as a very sensitive
and specific approach that is used widely for the
transcripts detection and their subsequently quantification.
Despite the accuracy of absolute or quantitative
techniques, semi-quantitative methods are still widely used
and appropriate for many purposes (Marone et al., 2001),
when the specific transcripts quantification and detection
of any variation in their expression levels under different
experimental conditions is needed. Semi quantitative
approach was applied previously successful in the
expression analysis of the genes in different plant species
(Hirose and Terao, 2004; Zou et al., 2008).
The expression patterns of different starch synthase genes
(Hirose and Terao, 2004) and nine heat shocks protein
genes (Zou et al, 2008) were obtained by semi
quantitative RT-PCR analysis in Oryza sativa, L.

Quantifying of plant allergen expression is still limited
mainly to its analysis of the presence/absence in the food
matrix and only a few studies exist where the methods for
RNA extraction or RT-PCR can be found (Ziarovska and
Zeleniakova, 2016). Knotekova and Ziarovska (2017)
used the semi quantitative approach to analyse the Mal d
1.03 allergen in the varieties Golden and Spartan during
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the ripening. This technique was proved to be sensitive and
effective in all of these studies.

CONCLUSION

Working with mature fruit meet a specific situation in the
field of RNA extraction and subsequently all the
downstream applications. That is, why choosing the most
fitting methods and kits is a crucial step. Here, the initial
step of ethanol-extracted method of the peach tissue
preparation was not proved as a statistical significant in the
workflow with the p values p <0.0023 and p <0.3653.
Subsequently, the method for the semi-quantitative analysis
of the Pru p 3 allergen expression was set up in the way
that will be directly applicable for Pru p 3 expression
analysis with the amplicon specificity analysis with Tse I
restriction endonuclease.
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INFLUENCE OF COMPOSITION OF FEED AND LACTATION PERIOD ON
MINERAL COMPOSITION OF MARE’S

Miroslayv Fisera, Pavel Valasek, Stanislav Kracmar, Viastimil Kubani, Pavla BureSova,
Helena Velichova, Lenka Fiserova

ABSTRACT

Effects of lactation period and feed on essential minerals composition of mare’s milk were studied. Average Ca, P, Na and
Mg concentrations in feed DM were 0.66, 4.30, 0.13 and 2.21 gkg™' of DM (dry matter), respectively. In regard to milk all
elements concentrations were not similar to each other due to the changes of the lactation day differences. Average Ca, P,
Na and Mg concentrations (in DM) caused by breed differences and lactation days were 1.95, 1.08, 0.53 and 0.22 gkg',
respectively. During the milk period, a high-quality feed were maintaining the major mineral composition of mare’s milk in
1.5 — 2 times higher amount than milk of mare fed with pasture and a low-quality feed. The colostrum stage of mare was
much shorter than other animals, the mare’s milk on the 2nd day of lactation showed properties of initial milk in which its
composition, particularly in minerals, were two times higher when compare to that on milk periods that was started from
5th day after parturition. It seemed that some factors, except well physiological conditions, such as mare’s age, number of
foaling, sex of foal etc. did not affect milk nutrient composition.

Keywords: Mare’s milk; nutrients; minerals; lactation periods; feed; lactating mare

The composition of mare’s milk fat, in addition to the
properties of its protein fractions and amino acid
composition, suggests that this milk is more similar to
human milk than cow’s milk. For this reason, and because
of the low cross-reactivity between cow’s and mare’s milk
proteins, a clinical study has suggested that mare’s milk
could be used as a valid replacement for cow’s milk in
children with severe IgE-mediated cow’s milk protein
allergy (Barello et al., 2008). More recently, the
consumption of mare’s milk and other dairy foods, by
virtue of their mineral, bioactive lipids, and protein
components, have been shown to help reduce the risk of
chronic disease disorders including osteoporosis,
hypertension, excess body weight and body fat, dental
caries, and some cancers (Businco et al., 2000, Guradi et
al., 2001, Official Methods, 1990). Important nutrients are
secreted by the mare to supply her foal with energy,
protein, fat, carbohydrates, vitamins and minerals for
optimal development and growth. To correct these nutrient
losses and at the same time support maintenance

INTRODUCTION

Milk is a fluid secreted by the female of all species of
mammals or opaque white liquid produced by the
mammary glands of mammals. Milk provides the complete
nutritional requirements of the neonate of the species, as
well as some immunological protection and other
physiological requirements. The milk samples of all
species are basically similar but there are very significant
species-specific differences. Interspecies differences in the
quantitative composition of milk probably reflect
differences in the metabolic processes of the lactating
mothers and in the nutritive requirements (amino acids,
minerals, fatty acid, vitamins etc.) of the suckling. In
regard with horse, now there are approximately 260 of
different breeds of Equus ferus caballus all over world.
The mare’s milk is one of the basic foodstuffs for human
populations in Kazakhstan, Kirghizia, Tadzhikistan, and
Uzbekistan and mainly in Mongolia. Milk-alcoholic
beverages, called Koumiss, Airag and Kumis, are
traditionally produced through fermentation (Montanari

et al., 1996, Malacarne et al., 2002, Raffaela et al., 2004,
Pikul and Wojtowski, 2008). To the lesser extent, horses
have been used as dairy herds (Doreau et al., 2007) in
Eastern Europe (Belarus, Ukraine and Bulgaria) and
Central Europe (especially Hungary).

requirements, lactating mares must consume adequate
amounts of quality feeds. It is known that intake of
minerals and amino acids are particularly important for the
growth foals.

In the last decade, many studies have been carried out on
equine milk and colostrums composition and, especially on
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proteins, lipids and minerals for above-mentioned reasons.
Essential nutrients, such as minerals and amino acid
composition, and vitamins of mare’s milk have been
reported, however, there is no complete study regarding
mare’s milk properties. Moreover, there are a few studies
of relationship between changes of mare’s milk main
components and affecting factors such as lactation stage
and other factors components.

Scientific hypothesis

This paper is focused on changes of contents of essential
nutrients of mare’s milk depending on lactation stages,
feeding system and some breeds. Aims were to analyze the
content of significant nutrient elements in mare’s milk and
feed for the lactating mare, as well as to characterize
effects of several factors that affect milk properties such as
lactation periods, breed and mare’s diet. More specifically,
the aims were i) to analyze changes in major minerals
composition of mare’s milk caused by differences of
broodmares and periods of the first month after parturition,
ii) to analyze the major mineral and dry matter of the feed
used to feed the lactating broodmares on the lactation days
after parturition, and iii) to study the relations between
mineral composition of milk and feed. The final goal was
to improve on knowledge of the relationship between
minerals in mare’s milk and their feed, and, if possible, to
expand the findings on equine dairy science.

MATERIAL AND METHODOLOGY

Reagents and solutions:

Nitric acid (= 65%) and water (both Trace Select Ultra,
Ultra Trace ACS, for trace analysis, Fluka, Buchs,
Switzerland) were used. Standards of elements Ca, Na, Mg
and P (Astasol-Ca, Astasol-Na, Astasol-Mg and Astasol-P
were purchased from Analytika (Prague, Czech Republic).
The working standard solutions were prepared by diluting
the Ca, Na, Mg stock solutions 1.000 £0.002 g.L’l in 2%
nitric acid and P stock solution in 0.005% sulphuric acid.
All  working standard solutions were stored in
polypropylene bottles. Deionised water was used for the
preparation of all solutions.

All glassware was initially washed with detergent and
water, and then the glassware was rinsed several times
with deionised water and dried. Argon (purity 4.8) and
nitrogen (purity 4.6) was from Messer (Prague, Czech
Republic). All other reagents and solutions were of
analytical grade purity (Sigma-Aldrich, St. Louis, MO,
USA).

Equipments:

Microwave oven MarsXpress (CEM Corporation,
Matthews, NC, USA) equipped with 20 mL PTFE high
pressure vessels was used for microwave digestion (power
800 W). A Prodigy ICP-OES (Teledyne Leeman Labs,
Hudson, NH, USA) was used for determination of
calcium, phosphorus, sodium and magnesium contents in
milk and feed. A vacuum lyophiliser Christ Alpha
1-4 (Martin Christ GmbH, Osterode am Harz, Germany)
was used for sample vacuum lyophilisation.

Selection of broodmares and broodmare’s milk samples
In order to collect mare’s milk and colostrum samples,
eight different broodmares were selected. All the mares of

age from seven to sixteen years (10 3 parities) were
mature and well-developed live weight between 500 and
600 kg. They were kept indoor and outdoor individually,
and fed with 1.3 kg wheat bran and 2.1 kg homily, 5.0 kg
oats in every day. Water was available months.

The milk samples (1P — 8P, approximately 40 — 50 mL
each) were taken in plastic containers at days 2, 5, 10, and
28 days postpartum (Table 1, and in some cases also at
56th day for 1F and 2P). Before milking, foals were
separated from their mothers for approximately 2 hours to
prevent from suckling. First and second milking of mares
was undertaken with hand milking as deep as possible.
Some mares had not previously been subjected to any
milking procedures. Collected milk samples were taken
directly to the laboratory and frozen at -80 °C for 4 hours,
and then lyophilised at 12 Pa and -40 °C using vacuum
lyophilisation. All lyophilised samples were stored in
fridge at -34°C until use for analysis.

The feed samples (in amount of approximately 500 g)
were collected in polyethylene bags from feed mixture for
the lactating mares at same days as milk sample collecting
(Table 1). Then all samples were taken to the laboratory
and stored at room temperature. All feed samples were
homogenized and grounded. The feed samples were put
into plastic containers and stored at room temperature until
use for analysis.

Procedures

Analysis of dry matter

Dry matter (DM) was determined according to the
standard procedure of AOAC. Grounded feed samples
were dried in oven at 105 £1 °C to constant weight for 5 h
(Official Methods, 1990, Nat. Res. Council, 1989).

Element analysis

The minerals contents of all milk and feed samples were
determined by inductively coupled argon plasma optical
emission spectrometry (ICP-OES). The lyophilized milk
(20 mg) and feed samples (20 mg) were accurately
weighted and put into a 20 mL high pressure PTFE
containers and 4 mL digestion mixture (2 mL deionised
water and 2 mL 65% nitric acid) were added and placed in
the microwave oven for mineralization. Program of
decomposition consisted of three steps i) temperature
increase tol80 °C in 25 minutes, ii) maintaining the
temperature at 180 °C for 10 minutes and iii) cooling at
room temperature. Afterwards, mineralized samples were
put into 10 mL volumetric flasks and diluted with
deionised water up to 10 mL for mineral analysis.

Calcium, phosphorus, sodium and magnesium contents
(on DM basis) of milk and feed were determined by using
ICP-OES. After scanning a blank, a standard solution and
a sample solution in the programmed wavelength range,
the background correction wavelengths were selected
manually at appropriate background positions for each
analyte signal. The detection limits of the method at the
pre-selected wavelengths (Ca — 317.933 nm, P — 214.914
nm, Na — 588.995 nm and Mg — 280.271 nm) were high
enough and permitted the determination. For each sample
three determinations were performed. Instrument
configuration and general experimental conditions are
summarized in Table 2.
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Statisic analysis

All data on the content of four minerals in DM of all
samples are expressed as arithmetic mean accompanied by
a standard deviation (mean * SD), with outlying results
excluded by performing a Dean-Dixon test (Q-test). To
calculate arithmetic average and standard deviation was
used by Office Excel® Microsoft. Data were evaluated by
producing summary statistics and analyzing the variance
using an ANOVA. Single Factor Scattering and Scale
Comparisonthe Scheffé's method was implemented using
the statistical program QC Expert 3.3 (Trilobite Statistical
Software, Pardubice, CZ). Level of significance single
factor analysis of scattering and pair comparison by
Scheffé's method was set to 5% (p <0.05). In regard to
lyophilized milk samples, all data revealed by ICP-OES
were converted to the mean on fresh milk.

RESULTS AND DISCUSSION

Dry matter of the feed

The dry matter (DM) content of all feed samples for the
lactating mares is showed in Table 3. The percentage of
DM content of every feed sample was a little different
from each other due to the preparation conditions of feed
mixture and the ratio of forages in feed mixture. The
average DM content of the feed was 89.2 +0.7 % w/w
(p <0.05) or in the range from 88.6 to 90.6%.

According to some authors (Berg, 2009) the DM content
of some high quality feed types for the lactating mare such
as grains, hay and chaff ranged from 87 to 91% (w/w).
These results of DM content of feed samples also were in
agreement with National Research Council (NRC) values
(Nat. Res. Council, 1989). DM content of all feeds,
therefore, had the standard level of DM of feed and forage
for the lactating mare.

Mineral composition of feed

The concentration ranges of major four elements (Ca, P,
Na and Mg) determined in the 29 feed samples for
lactating broodmares on the 2nd, 5th, 10th, 28th and 56th
days after parturition are summarized in Tables 4 — 7.
These data were expressed as mean + SD (p <0.05). There
were significant differences among the feeds with regard
to four elements content. For all feed samples, significant
changes of contents of minerals were observed causing by
days after parturition. Ca, P, Na and Mg concentrations (on
a DM basis) were respectively 0.66 — 0.78, 4.95 — 5.05,
0.13 — 0.15 and 2.59 — 2.61 gkg' in feed. Also these
tables show the average content of these four elements in
feed samples related to same lactation days.
As shown in Table 4, generally, the average concentrations
of Ca in feeds for the lactating mares on 5th day after
parturition was higher 0.72 +0.18 g.kg” than other days,
and on 28th, was the lowest 0.57 +0.05 gkg'. Calcium
average concentration of feeds caused by kinds of forage
and feed for horse ranges from 0.4 to 17.1 gkg "' and the
feed type of grains such as oats and wheat, in, particular,
ranges from 0.5 to 09 gkg' (Berg, 2009). Ca
concentrations of 1F and 3F on 5th and, the on 10th days
after parturition, were increased gradually and then
decreased. In regard to 2F, 5F, 7F and 8F, slight decrease,
from the 2nd to 28th, was observed. Concentrations of 4F

and 6F minerals were increased on the S5th day, but
afterwards, decreased dramatically. The average
concentration of Ca in the feed ranged from 0.70 +0.14 to
0.57 £0.05 g.kg". Generally, Ca concentration increased
gradually at interval between the 2nd and 5th days 0.70
+0.14 and 0.72 +0.18 g.kg", and on 10th and 56th days,
then decreased slightly 0.61 +0.23 and 0.57 +0.05 g.kg™.
The average Ca concentration of all feed samples
depending on days was 0.66 +0.09 gkg' and these all
results of Ca concentration in feed samples were in
agreement with NRC values to feed the lactating mare
(Berg, 2009, Saastamoinen and Koskinen, 1993).

Table 5 presents P concentrations of feeds. As it results
from the table, feeds for mares on the 2nd day were
characterized by the highest P concentrations (4.54 +0.69)
g.kg'I when compared with the 5th, 10th, 28th and 56th
days, 4.03 032, 4.05 =+0.51, 441 =+0.52 and
4.44 +0.01 gkg', respectively. According to NRC
(Nat. Res. Council, 1989), daily P requirement of the
lactating mare is 31 — 51 gkg' and average P
concentration of feeds caused by kinds of forage and feed
for horse ranges from 1.0 to 12.7 g.kg" and the feed type
of grains such as oats and wheat, pasture and hay/chaff,
particularly, ranges from 2.0 to 4.1 gkg'. P concentrations
of 1F, 2F, 4F and 6F on the 5th day decreased, although on
the 10th day, increased slightly again. In regard to 3F, 5F,
7F and 8F, P concentrations decreased continuously and
slightly. The average P concentration of all feed samples
depending on experiment days was 4.30 +0.26 g.kg", and
these all results of P concentration in feed samples were in
agreement with NRC to feed the Ilactating mare
(Berg, 2009, Saastamoinen and Koskinen, 1993).

Na concentrations of feeds are shown in Table 6. It was
observed that the highest Na concentration was in 8F on
10th day as 0.21 +0.01 g.kg', and it was 0.12 £0.01 g.kg™,
on the 2nd day. The Na concentration of all feed samples,
except SF, 6F and 7F, increased gradually during lactation
days. The average Na concentrations of all feeds on
lactation days were 0.12 £0.01, 0.13 +0.02, 0.13 £0.03 and
0.14 +0.02 gkg', respectively. On the other hand, Na
content rose slightly till 56th day and approximately
constant on the 5th and 10th days. The average Na content
was 0.13 +0.01 gkg'. Mg concentrations of feeds were
not similar to each others, which are shown in Table 7. On
the other hand, an increase and decrease of Mg content of
all feeds were observed in different ranges caused by
lactating days, and the average Mg concentration was 2.21
+0.12 gkg'.

According to NRC (Nat. Res. Council, 1989), daily Mg
requirement of the lactating mare is 12.0 — 15.2 gkg™'. Mg
contents of 1F and 6F on the 10th day, 2F, 3F, 4F, 7F an
8F on the 2nd day and 5F on the 5th day were the highest
compare to that on other days, 2.59 +0.01, 2.59 +0.01,
244 £0.01, 2.78 £0.01, 2.45 +0.03, 2.16 +0.03 and
226 +0.01 gkg', respectively. The average Mg
concentrations of feeds for lactating mares demonstrated
that Mg contents on the 5th an 10th days were constant
and, further on the 28th, increased gradually again.
Overall, the feed mineral composition is influenced by
many factors such as storage condition, contamination, and
ratio of feed mixtures (Csapé-Kiss et al., 1995).
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Table 1 Milk and feed samples characteristics.

. Days postpartum Days postpartum

Milk 2 5 10 28 Feed 2 5 10 28
1P* + + + + IF + + + +
2P° + + + + 2F + + + +
3P + + + + 3F + + + +
4P + + + + 4F + + + +
5P + + + + SF + + + -
6P + + + - 6F + + + -
P + + + - TF + + + -
8P + + + + 8F + + + -

Note: +, sample was taken; -, sample was not taken, a a sample on 56th day was also collected for 1P, b a sample on

56th day was also collected for 2P.

Table 2 ICP-OES operating conditions.

Operating conditions

Operating conditions

Radio frequency 27.12Hz Outer gas flow rate Ar 17 L/min
Radio frequency power 2.5kW Intermediate gas flow rate Ar 1 L/min
Plasma’s temperature 8000 — 9000 K Carrier gas flow rate Ar 1 L/min
Table 3 The dry matter content of feed (%, w/w).
Dry matter (mean value £SD)
FeEd 2nd Sth loth 28th

IF* 89.38 +0.19 89.32 +0.15 89.04 +0.51 88.96 +0.66

2F 90.56 £0.67 88.64 +0.34 89.54 £0.37 89.36 +0.55

3F 90.32 £0.54 89.55 +0.86 88.69 £0.98 89.04 +0.22

4F 88.89 £0.42 89.14 +0.51 89.06 £0.20 88.90 +0.08

SF 89.64 +0.40 88.99 +0.70 88.65 +0.68 n.a.

6F 90.12 £0.39 88.80 +£0.57 88.81 +£0.58 n.a.

TF 90.47 £0.31 89.37 +0.37 88.81 +0.53 n.a.

8F 90.00 +0.63 88.80 +0.39 88.7 +0.51 n.a.

Note: F — feed samples; SD — standard deviation; n.a. — not analyzed, a DM = (89.49 +0.51) on 56th day.

Mineral composition of milk

The nutritive minerals found in mare’s milk as mainly
ionized form are essential for nutritional and metabolic
functions of newborn neonate. The data on major essential
mineral composition of milk from different eight
broodmares fed with supplement feed mixture are given in
Tables 3 — 7. All minerals concentrations were described
as mean +SD (g.kg™). The results of mineral concentration
of milk samples demonstrated that Ca, P, Na and Mg
contents of broodmares’ milk were not similar to each
other due to breed differences and lactation days. As
shown in Table 4, Ca concentrations of 5P
2.82 +0.01 gkg' and 8P 2.72 +0.01 gkg' on the 2nd
lactation day were the highest in that of others, which were
two times higher than that reported by Csapo-Kiss (Csap6-
Kiss et al.,, 1995), while the lowest Ca concentration
0.66 +0.01 gkg' in 1P on the 56th day which was
comparable to the mean of literature values. As reported in
the literature, the mineral level of mare’s milk caused by
lactation  stage  differs greatly, which ranges
0.8 — 1.3 gkg' on 4 — 180 lactation days. In many papers,
Ca level is higher in colostral stage, in which milk is rich
in proteins, than milk stage because of Ca ions play an

important role in the structure and stability of casein
micelles (Csapé et al.,, 2009). From dependence on
lactation days, Ca concentrations of 1P and 5P decreased
gradually from the 2nd to 5th and 10th days and then
increased on the 28th day. In regard to others, a decrease
on the 5th and 28th days and an increase on the 10th day
were observed. The observations were in agreement with
major papers (Csapo-Kiss et al., 1995, Schryver et al.,
1986, Summer et al., 2004, Cisla et al., 2009,
Nascimento et al., 2010).

With regard to phosphorus concentration of studied
broodmares milk, the highest amounts were observed in all
milk on the 2nd day during the lactation periods, which
ranged from 1.93 gkg' to 0.94 gkg" caused by breed of
broodmares. P concentration of 5P was the highest on the
2nd day while the lowest in 1P, but it was declined
continuously on other days. Some authors reported that P
content ranged from 0.7 to 0.9 g.kg"' on 0 — 45 days of the
lactation (Schryver et al.,, 1986). Although, mineral
content is caused significantly by type of breed and feed
which are the most powerful affecting factors on it
(Summer et al., 2004).
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Table 4 Ca content in feed and milk (g.kg™).

2
Feed ADM Ca content (mean value £5D) Acth Ca content (mean value +SD) ACTh
(%) ond 5th 10 2gth 2-56 Milk  2n 5th 10 2gth 2-56
days days
1P 89.24 0.83 1.03 1.13 0.64 0.86 P 1.43 0.77 0.66 0.97 0.99
+0.23 +0.02 +0.01 +0.00 +0.00 +0.22 +0.03 +0.01 +0.00 +0.01 +0.31
R 89.53 0.95 0.80 0.55 0.59 0.72 op 1.81 2.06 2.75 1.26 1.97
+0.79 +0.00 +0.00 +0.01 +0.00 +0.19 +0.01 +0.00 =+0.02 +0.01 +0.62
3p 89.40 0.68 0.69 0.73 0.52 0.65 3p 2.38 2.35 2.67 na 2.47
+0.71 +0.00 +0.00 +0.00 +0.00 +0.09 +0.00 +0.00 +0.00 o +0.18
AR 88.99 0.62 0.89 0.61 0.55 0.67 AP 2.44 2.06 2.15 1.97 2.16
+0.12 +0.01 +0.00 +0.00 =0.01 +0.15 +0.01 +0.01 +0.02 +0.01 +0.20
SE 89.09 0.68 0.62 0.45 na 0.58 sp 2.82 2.35 1.43 2.57 2.29
+0.50 +0.01 +0.00 +0.00 - +0.12 +0.01 +0.02 +0.01 +0.02 +0.60
6F 89.24 0.56 0.75 0.47 na 0.59 6P na 1.91 na na )
+0.76 +0.00 +0.00 +0.00 o +0.14 ’ +0.01 o o
7F 89.55 0.53 0.51 0.49 na 0.50 7p 2.35 na 1.82 na 2.09
+0.84 +0.01 +0.00 +0.00 h +0.03 +0.02 o +0.03 o +0.37
QF 89.17 0.76 0.51 0.48 na 0.58 3P 2.72 na na na )
+0.72 +0.01 +0.00 +0.00 o +0.15 +0.00 o o o
AC! 89.28 0.70 0.72 0.61 0.57 0.66‘ AC! 2.28 1.92 1.91 1.70 1.95
+(0.20 +0.14 +0.18 +0.23 +0.05 +0.10" +0.50 +0.59 +£0.79 +0.72 +0.24°

Note: ADM — average dry matter of feed; ~ (0.66 +.01) and (0.661 + 0.002) for 1F and 2P on 56" day; AC' — average
content in feeds at same lactation days; AC” — average content in feeds at different lactation days; * — average content of

AC'; n.a. — not analyzed.

Table 5 P content in feed and milk (g.kg™).

2
Feed ADM P content (mean value +5D) AC P content (mean value +SD) AC?
(%) ond 5th 10t 2gth 2-56" ond 5th 10t 2gth 2-56™"
days Milk days
P 89.24 4.39 4.29 4.93 4.52 4.51 P 0.94 0.39 0.30 0.39 0.50
+0.23 +0.01 +0.01 +0.03 +0.01 +0.25 +0.01 +0.00 #0.00 0.00 +0.26
R 89.53 5.12 3.99 4.30 3.76 4.29 op 1.10 1.00 1.30 0.52 0.98
+0.79 +0.02 +0.01 +0.02 +0.00 =+0.59 +0.01 +0.00 #0.02 +0.00 +0.33
3R 89.40 4.59 3.40 3.83 4.35 4.19 3p 1.41 0.96 1.46 na 1.28
+0.71 +0.01 +0.01 =+0.02 +0.01 +0.34 +0.00 0.01 #0.01 o +0.28
AF 88.99 5.61 3.68 4.10 5.02 4.60 AP 1.85 1.14 1.00 0.83 1.20
+0.12 +0.04 +0.01 .00 +0.02 +0.88 +0.01 +0.01 0.00 +0.00 +0.45
sp 89.09 3.27 4.46 3.43 na 3.72 sp 1.93 1.31 0.69 1.70 1.41
+0.50 +0.01 +0.01 =+0.01 o +0.65 +0.00 +0.00 0.00 +0.00 +0.54
6F 89.24 4.30 4.20 4.42 na 4.31 6P na 1.66 na na i
+0.76  +0.01 +0.00 =+0.03 - +0.11 ’ +0.00 - -
7F 89.55 4.84 4.13 3.98 na 4.32 7p 1.56 na 0.63 na 1.09
+0.84 +0.03 +0.01 =+0.03 - +0.46 +0.00 o +0.01 ’ +0.54
QF 89.17 4.22 3.49 3.44 na 3.72 3p 1.69 na na na i
+0.72 +0.03 +0.03 +0.02 o +0.44 +0.00 o o o
AC! 89.28 4.54 4.03 4.05 4.41 4.30 AC! 1.50 1.08 0.90 0.86 1.08
+0.20 +0.69 +0.32 +0.51 +0.52 +0.26 +0.37 042 044 *0.59 +0.29?

Note: ADM — average dry matter of feed; > (4.44 +0.01) and (0.481 +0.001) for 1F and 1P on 56™ day; AC' — average
content in feeds at same lactation days; AC” — average content in feeds at different lactation days; * — average content of

AC'; n.a. — not analyzed.

P content of 1P was lowest on all days when compared to
others which ranged from 0.39 to 0.94 gkg', but it was in

agreement with data on previous studies (Summer et al.,

2004, Solaroli et al., 1993).
Generally, it is reported that P content is declined after
colostral period, and in the case of present study, P

concentration of all milk, except 3P and 5P, decreased
gradually after the 2nd day which is shown in Table 5.

The concentration of Na in milk exists in lower amount
than that of Ca and P, because Ca and P are associated in

form of the colloid calcium phosphate, which are a large
class of milk proteins (Solaroli et al., 1993).
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Table 6 Na content in feed and milk (g.kg™).

Na content (mean value +SD) AC?

Na content (mean value +SD) AC?
Feed A(I,;l;/[ 256
(4 2nd Sth 10th 28th = . 2nd sth loth 28th 2nd 2_56th
days Milk

days

1B 89.24 0.12 0.13 0.13 0.13 0.13 P 0.60 0.18 0.15 0.32 0.31 0.60
+0.23  +0.00 +0.00 #0.00 +0.00 +0.01 +0.01 +0.00 +0.00 0.00 +0.18  +0.01

OF 89.53 0.13 0.14 0.12 0.17 0.14 op 0.68 0.34 0.36 0.21 0.40 0.68
+0.79 +£0.00 +0.00 +0.00 +0.00 0.02 +0.01 +0.00 +0.01 £0.00 0.20 0.01

3F 89.40 0.13 0.12 0.14 0.14 0.13 3p 0.81 0.64 0.82 na 0.76 0.81
+0.71 +£0.00 +0.00 +0.00 +0.00 +0.01 +0.00 +0.01 +0.00 . +0.11 +0.00

AF 88.99 0.13 0.11 0.11 0.12 0.12 4p 0.97 0.49 0.33 0.55 0.58 0.97
+0.12 +£0.00 +0.00 +0.00 +0.00 0.01 +0.00 +0.01 +0.01 £0.00 +0.28  +0.00

sp 89.09 0.11 0.14 0.11 na 0.12 sp 0.87 0.41 0.33 0.73 0.59 0.87
+0.50 +0.00 +0.00 +0.00 e +0.02 0.00 +0.00 +0.00 +0.01 +0.26 +0.00

6F 89.24 0.13 0.15 0.11 na 0.13 6P na 0.88 na na na

+0.76  £0.00 +0.00 +0.00 e +0.02 o £0.01 h o ) o

7F 89.55 0.11 0.14 0.11 na 0.12 7p 0.79 na 0.34 na 0.57 0.79
+0.84 +£0.00 +0.00 +0.00 o +0.02 +0.01 T +0.00 o +0.32  +0.01

SF 89.17 0.12 0.10 0.21 na 0.14 gPp 0.87 na na na ) 0.87
+0.72 +£0.00 +0.00 +0.00 h +0.06 +0.01 h h . +0.01

AC! 89.28 0.12 0.129 0.13 0.14 0.13 AC! 0.80 0.49 0.39 0.45 0.53 0.80
+0.20 +.01 +0.02 0.03 0.02 ==.01° +0.13 £0.24 +0.23 +0.23 +0.18" +0.13

Note: ADM — average dry matter of feed;” (0.13 £0.01) and (0.28 +0.00) for 1F and 2P on 56™ day; AC' — average content
in feeds at same lactation days; AC” — average content in feeds at different lactation days; ® — average content of AC'; n.a. —
not analyzed.

Table 7 Mg contents in feed (g.kg™).

Mg contents (mean value +SD) AC?

Feed ADM Milk Mg contents (mean value +SD) AC?
( %) 2nd Sth loth zsth 2'56th 2nd Sth loth 28th 2'56“1
days days
I 89.24 2.36 2.26 2.59 2.46 2.39 P 0.16 0.08 0.05 0.08 0.09
+0.23 +0.04 +0.02 +0.01 #0.00 +0.14 +0.00 +0.00 +0.00 +0.00 +0.04
R 89.53 2.59 2.06 2.16 1.95 2.19 op 0.24 0.22 0.28 0.11 0.21
+0.79 +0.01 +0.00 =+0.02 #0.01 +0.28 +0.00 +0.00 #0.00 +0.00 +0.07
3R 89.40 2.44 2.04 1.89 2.31 2.19 3p 0.27 0.22 0.34 na 0.28
+0.71 +0.01 +0.01 +0.01 0.01 +0.25 +0.00 +0.00 +0.00 h +0.06
4F 88.99 2.78 2.00 2.03 2.50 2.33 4P 0.33 0.23 0.19 0.179 0.23
+0.12 +0.01 +0.01 +0.01 #0.01 +0.38 +0.00 +0.00 #0.00 +0.00 +0.07
sp 89.09 1.73 2.26 1.76 na 1.91 sp 0.33 0.26 0.14 0.30 0.26
+0.50 +0.01 +0.01 +0.01 - +0.30 +0.00 +0.00 #0.00 +0.00 +0.08
6F 89.24 2.26 2.18 2.26 na 2.23 6P na 0.35 na na i
+0.76 +0.00 +0.00 =+0.02 o +0.04 o +0.00 o o
7R 89.55 2.45 2.10 1.96 na 2.17 7p 0.31 na 0.17 na 0.24
+0.84 +0.03 +0.00 =+0.01 o +0.26 +0.00 - +0.00 o +0.10
3F 89.17 2.16 1.76 1.81 na 1.91 3P 0.33 na na na i
+0.72 +0.03 +0.00 =+0.01 o +0.22 +0.01 - o o
AC! 89.28 2.34 2.08 2.06 2.30 2.210 AC! 0.28 0.22 0.20 0.16 0.22

+0.20 +0.31 +0.16 +0.28 +0.25 +0.122° +0.06 +0.09 +0.10 +0.10  +0.05"

Note: ADM - average dry matter of feed; > (2.26 £0.01) and (0.09 £0.00) for 1F and 2P on 56" day; AC' — average content
in feeds at same lactation days; AC” — average content in feeds at different lactation days; * — average content of AC'; n.a. —
not analyzed.
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Figure 1a-d. Relation between average Ca, P, Na, Mg contents in milk and feed.

Na content of mare’s milk is lower than other farm
animals (Sarwar et al., 1998). According to the data
shown in Table 6, significantly differences among Na
contents of milk during lactation days were observed. Na
concentration of all milk on the 2nd day was the highest
and the lowest on thelOth day. The highest Na amount
0.97 gkg' was in 4P which was three times higher than
the value reported in literature and the lowest 0.21 gkg™ in
2P, which was in agreement with some authors (Sarwar et
al., 1998). However, many papers have shown different
values of Na content of equine milk caused by breed and
feed (Schryver et al.,, 1986, Galik et al., 2012). Na
concentration of 1P per each day of lactation was lower
than others and of 2P, 4P and 5P was almost similar to
each other during lactation days. In regard to 3P, the
highest concentration 0.82 g.kg' was on the 10th day.
According to some reports in the literature that Na
concentration is high at the beginning of colostrum and
then declines gradually, 1P, 2P and 7P were comparable to
it, but of 3P, 4P and 5P decreased till the 10th and then
increased on the 28th day of lactation.

Table 7 shows Mg concentration of all mares’ milk
during lactation periods. The only Mg concentration of 1P
on all
days, which ranged from 0.16 gkg™ to 0.05 gkg', was in
agreement with earlier studies 50 — 180 mg.L™" of fresh
milk (Summer et al., 2004, Nascimento et al., 2010), but
also Mg concentrations of 2P and 3P on the 2nd day were
less higher, 0.24 g.kg"' and 0.27 g.kg"' respectively. It was
two times higher than the mean of the literature values in
the case of others on the 2nd, 5th and 28th days. The
highest Mg concentrations were observed in all milk on
the 2nd day of the lactation, after that it was decreased
dramatically.

The average mineral concentrations depended on breed
during the lactation periods is also shown in Tables 4 — 7.
Average Ca concentration in all broodmare’s milk caused
by breed difference was much higher (ranged from 1.70 to
2.28 g.kg™') than other three major elements P, Na and Mg
in milk and ratios of Ca to the others were 1.8:1, 3.7:1 and
9:1, respectively which was comparable to the some
literature values (Schryver et al., 1986, Summer et al.,
2004).
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Flgure 2 Mare w1th foal (source https //zlmsky demk cz/ galerle/)

P was the second major element in mare’s milk in regard
to its amount and the average P concentration ranged from
0.86 to 1.50 gkg' during the 1st month during lactation.
With regard to Na, the highest amount was observed on
2nd day as 0.80 g.kg" and then two times dropped on the
5th day until 0.49 gkg'. The average Mg decreased
gradually after the 2nd day of lactation until 0.16 g.kg™' on
the 28th day and it was 1.5 times lower than the 2nd day of
lactation.

Overall, Ca, P, Na and Mg concentrations in mare’s milk
were high in the beginning of the lactation periods and
then declined as approximately 1.5 times on the 5th day of
lactation and continuously till the 28th day. These results
on four minerals were in agreement with and comparable
to results of previous researches (Csapé-Kiss et al., 1995,
Schryver et al., 1986, Summer et al., 2004, Nascimento
et al., 2010, Solaroli et al., 1993, Sarwar et al., 1998,
Galik et al., 2012, Martin et al., 1992).

Relation between the mineral composition of feed and
milk

The changes in average content of major four elements in
different eight broodmares’ milk and feed for them
depended on the 2nd, 5th, 10th and 28th days of the
lactation and the relations between them are given in
Figure 1. All data were expressed as mean + SD, which
indicated significant differences between changes in
mineral content of milk and feed. Generally, lactation
period is the most important factor influencing on mare’s
milk composition. The results conducted by changes in
mineral content of milk showed that except Na, other three

mineral Ca, P and Mg contents decreased gradually from
2.28, 4.54 and 0.28 to 1.92, 4.03 and 2.08 g.kg" during
lactation periods, in particular on the Sth day of lactation,
all minerals contents were declined significantly and
further, decreased slightly. Some author reported that the
ash content did not vary or decreased only slightly and the
effect of the lactation period on mare’s milk composition
was similar for different breed (Martin and Doreau,
2006). However, the results of present study on milk
mineral were not in agreement with above report.
Moreover, it was in agreement with many results
demonstrated in the literature that with regard to ash
composition of mare’s milk, the highest ash content is
observed during the Ist week of lactation period.
Afterward, total ash content regularly decreased, due to a
decline of all minerals, the ash content in the later stages of
lactation wais about 39% lower than that of the earlier
stages (Summer et al., 2004, Martuzzi et al., 1997). In
regard to Na concentration of milk decreased till the 10th
day of lactation and then, on 28th day, a slight increase
was observed. Also it was similar to results reported by
some authors (Summer et al., 2004, Martuzzi et al.,
1997). The changes in mineral concentration of feeds for
the lactating broodmares during lactation were not similar
to each other. Ca and Mg concentration decreased during
lactation period while P and Na increased gradually,
except a slight decrease on the 5th day of lactation. In fact,
the mineral composition of these feeds depended greatly
on preparation of feed mixture.
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As shown in Figure la-d, there was no significant
relation between changes in average mineral content of
milk and feed. Although, P and Mg concentrations in milk
and feed on the 5th day of lactation decreased
dramatically, perhaps it was due to, in the case of milk,
ending of colostral period. In contrast, Ca and Na
concentration of milk decreased considerably while Ca and
Na in feed increased. Further, Ca, P, Na and Mg
concentration in milk on the 2nd, 5th, 10th and 28th days
after parturition to feed ratios were found in amounts of Ca
-3.2:1, 2.6:1, 3:1 and 3:1, P - 1:3, 1:3.7, 1:4.2 and 1:5.1,
Na - 6.6:1, 3.8:1, 3:1 and 3.2:1, Mg - 1:8.4, 9.5:1, 10.3:1
and 23:1, respectively. Overall, changes in milk mineral
content caused by lactation periods were not correlated
with that of feed, it was in agreement with some authors
(Martuzzi et al., 1997, Hidiroglou and Proulx, 1982),
perhaps, due to milk production metabolic functions of the
lactating mare and mineral transfer on it (Kavazik et al.,
2002).

CONCLUSION

All results revealed indicated significant relations and
changes in major minerals composition of different
lactating mares’ milk depending on the lactation periods
and feed used to feed the mares. The average DM content
of the feed was 89.2 £0.72 % w/w (p <0.05). The highest
Ca, P, Na and Mg concentration of feed were 1.13 g.kg” in
IF on the 10th day, 5.02 g.kg' in 4F on the 28th, 0.21
gkg" in 8F 10th and 2.59 g.kg' in 1F 10th, respectively
while the lowest concentration were 0.47 gkg" in 5F on
10th, 3.27 gkg"' in 5F on 2nd, 0.11 g.kg" in 5F on 10th
and 1.73 gkg" in 5F on 2nd day, respectively. Average
Ca, P, Na and Mg concentrations of all feeds caused by all
days were 0.66, 4.30, 0.13 and 2.21 gkg', respectively. In
regard to milk minerals, the highest Ca, P, Na and Mg
concentration were observed in amounts of 2.82 g.kg” in
5P on 2nd, 1.93 g.kg" in 5P on 2nd, 0.97 g.kg" in 4P on
2nd and 0.32 g.kg" in 5P and 8P on 2nd day, respectively,
when compared to the lowest were 0.66 g.kg", 0.30 g.kg™,
0.05 gkg' and 0.15 g.kg" in 1P on 10th day, respectively.
All minerals concentrations were not similar to each other
due to changes of the lactation days and breed differences.
Average Ca, P, Na and Mg concentrations caused by breed
differences and lactation days ranged from 1.95, 1.08, 0.53
to 0.22 gkg', respectively. Generally Ca and Na
concentrations of feed were much lower and P and Mg
concentration were higher than that of milk. The ratios of
the average Ca, P, Na and Mg concentrations of milk
caused by lactation days and breed difference to those of
all feeds were 3:1, 1:4, 4:1 and 1:10, respectively.
These ratios, except Mg, were kept during all experienced
lactation days, without exception of the 2nd day.
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A THAUMATIN-LIKE GENOMIC SEQUENCE IDENTIFICATION IN
Vitis vinifera L., STORMY WINES AND MUSTS BASED ON DIRECT PCR

Jana Ziarovska, Lucia Zelendkovd, Eloy Ferndndez Cusimamani, Miroslava Kacdaniova

ABSTRACT

Direct polymerase chain reaction method was use to amplify a thaumatin-like sequence of Vitis vinifera L. in grapes as well
as in stormy wines and musts. Thaumatin-like proteins (TLPs) of Vitis vinifera possess beside its function in abiotic and
biotic stress response another one — they are able to cause protein haze in wine unless removed prior to bottling. Direct
PCR is an approach where omission of DNA extraction is typical prior the amplification of the target site of plant genome.
Crude extract or small pieces of plant tissues are used in the analysis directly without steps of extraction and purification of
gDNA. The biological material that was used in analysis was collected during August — October 2017 in local stores and
winery Sabo and comprises from cultivars IrSai, Muskat, Savignon Blanc, Svitovavrinecké, Dornfelder and Palava. Direct
PCR was performed by a cutted piece of grape tissue and a dilution buffer was use in 1:2 for stormy wine or must,
respectively. Direct amplification of thaumatin-like protein sequence of Vitis vinifera was performed along with the control
reactions with the primers for conserved region of plant chloroplast. Possitive amplification of thaumatin-like allergen
sequence resulted in 570 bp amplicon. The most abundant amplicons were amplified in stormy wines, followed by musts
and the amplicons from grapes were weaker when comparing them to others. The amplicon specificity checking of
obtained PCR product of thaumatin-like allergen was performed by restriction cleavage by Psi I and resulted in restriction
amplicons of the 80 bp, 81 bp, 94 bp and 315 bp in length. Confirmation of the amplicon specificity by restriction cleavage
support the potential of direct PCR to become a reproducible method that will be fully applicable in routine analysis of not

only plant genomes in the future, but it was demonstrated, that it works in liquids, too.

Keywords: direct PCR; Vitis vinifera L.; thaumatin-like sequence; stormy wine; must

INTRODUCTION

Thaumatin protein was firstly described in fruits of
Thaumatococcus danielii Benth. (Van der Wel and
Loeve, 1972). Thaumatin comprises from a typical
osmotin-like protein domain and thaumatin-like protein
family (Wang et al., 2011).

Thaumatin-like proteins are reported as a very diversified
in their function (Liu et al., 2010) from the stress related
responses to drought, cold or salt (D"Angeli and
Altamura, 2007; Husaini and Abdin, 2008; Parkhi et
al., 2009) or the resistance to different pathogens (Garcia-
Casado et al., 2000; Chu and Ng, 2003; Ho et al., 2007).
Some authors have demonstated the engagement of
thaumatin-like proteins of Vitis vinifera L. in the pathogen
resistance response to E. ampelina and E. necator
(Jayasankar et al., 2000; Yan et al. 2017).
Thaumatin-like proteins (TLPs) of Vitis vinifera L. possess
beside its function in plant-pathogen interactions another
one — they are able to cause protein haze in wine unless
removed prior to bottling (Marangon et al., 2014). This is
the most important instability that is not caused by

microorganisms especially for white wine production, as
the pathogen-related proteins has the potential to aggregate
to form a visible haze (Ferreira et al., 2001; Waters et
al., 2005).

Here, a direct polymerase chain reaction method was use
to amplify a thaumatin-like sequence of Vitis vinifera L. in
grapes as well as in different liquid products. Direct PCR
is an approach where omitting of DNA extraction is
typical prior the amplification of the target site of plant
genome. Crude extract or small pieces of plant tissues are
used in the analysis directly without steps of extraction and
purification of gDNA (Chum et al., 2012). If none DNA
extraction step is used in the PCR workflow, the benefits
of utilization of samples without loss, saving time and
reducing the cost of analysis are typical.

Direct PCR can facilitate routine genotyping widely in
the future, but to date, its application is not typically used
in plant genomes analysis. This is caused by a specific
composition of plant cells where much more PCR
contaminats exist (BoSePova et al., 2016; Boselova,
Ziarovska, 2016; Ziarovska et al., 2016, 2017). Direct
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Figure 1 Workflow of direct PCR (Ziarovské et al., 2016).

PCR was used in plants firstly to amplify the Nit/ gene of
Arabidopsis thaliana, L. (Young et al.,, 2007). The
combination of commercial extraction buffer and in
laboratory prepared specific PCR buffer was used to
amplify the target (Figure 1).

The aim of the study was to analyse the possibility of
amplification of thaumatin-like sequence of Vitis vinifera
L. in grape and liquid products directly without DNA
extraction and to optimize this for routine analysis.

Scientific hypothesis

The concentration of PCR inhibitors in stormy wines and
musts can be overcome by direct PCR and a routine
amplification protocol can be set-up for the purpose of
thaumatin-like allergen DNA screening.

Statisic analysis

Testing of the hypothese based on the reported chemical
content (Aubert and Chalot, 2018) of Vitis vinifera L. is
primary the qualitative analysis of obtained (or not)
amplicons by resolution through an agarose gel. Statistical
evaluation of the results was applied for data of obtained
amount of amplicons where the ezZANOVA software for
Windows (http://www.cabiatl.com/mricro/ezanova/) was
used. The analyses of the amount of amplified PCR
products were performed by the interpolation of density of
pixels to the marker of knowing amounts using the
software SynGeneGeneTools 4.01.04. Measurements of
triplicate samples were subjected to the multifactorial
analysis of variance and pairwise comparisons with Tukey
HSD with the level of significance associated to the
statistical test 0.05. The null hypothesis was tested that the
difference exists among the amounts of obtained PCR
amplicons depending on the type of used biological
material.

MATERIAL AND METHODOLOGY
Biological material

The biological material that was used in analysis was
collected during August — October 2017 in local stores and
winery Sabo (Vrbové, Slovak Republic) (Table 1).

Primer design
BLAST alignment (Zhang et al., 2000) of the thaumatin-
like protein, (NCBI accession code AF227324.1) was done

by BLASTtn against Vitis vinifera (taxid: 29760)
nucleotide sequences in the NCBI database to check the
specifity or existing nucleotide differences. Primer design
was performed in Primer-BLAST (Ye et al., 2012).

Table 1 Codes of samples used in the study.

Code of sample Vitis vinifera variety  Type of sample
I Irsai grape
M Muskat grape
SB Savignon Blanc stormy wine
SV Svitovavrinecké stormy wine
D Dornfelder must
P Palava must
Direct PCR

Direct PCR was performed by Phire® Plant Direct PCR
Kit (Thermo Scientific). A 0.35 mm cutter was used to
obtain a piece of grape tissue and a dillution buffer was
use in 1:2 with stormy wine or must, respectively. All the
cutted pieces as well as dillutions were prepared in
technical triplicates.

The following thermal and time profile was used: 98 °C
for 5 min; 39 cycles of : 98 °C for 10 sec; 55 °C for 10 sec;
72 °C for 30 sec with final 72 °C for 5 minutes. All the
amplification reactions were performed in C1000
thermocycler (BioRad).

Product specificity verification

Nucleotide sequence of Vitis vinifera thaumatin-like
protein was uploaded into the NEBcutter v 2.0 (Vincze et
al., 2003) and the specific restriction enzyme was selected
to verify the PCR amplicons. The amplified direct PCR
product was inspected for the specificity using the Psi I
restriction endonuclease that cleaves in total four
restriction sites.

RESULTS AND DISCUSSION

Thaumatin-like allergen of Vitis vinifera L. is defined
well on both, protein as well as genomic sequence level.
To date, a total of twenty-eight sequence accessions are
available in the NCBI nucleotide database, from which ten
are predicted (Table 2).
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Table 2 Names and accessions of known thaumatin-likesequences.

Thaumatin-likesequences in NCBI

Vitis vinifera mRNA for putative thaumatin-likeprotein, partial
612 bp linear mRNA; Accession code: AJ237998.1
Vitis vinifera mRNA for thaumatin-like protein
918 bp linear mRNA; Accession code: AJ237999.1
Vitis vinifera thaumatin-like protein (TL3), mRNA
678 bp linear mRNA; Accession code: NM_001281202.1
Vitis vinifera thaumatin-like protein VVTL1 mRNA, complete cds
954 bplinear mRNA; Accession code: AF003007.1
Vitis vinifera cultivar Regent thaumatin-like protein mRNA, complete cds
678 bplinear mRNA; Accession code: DQ406688.1
Vitis vinifera thaumatin-like protein (T13) mRNA, complete cds
915 bp linear mRNA; Accession code: AF532965.1
Vitis vinifera cultivar Riesling thaumatin-like protein mRNA, complete cds
678 bp linear mRNA; Accession code: DQ406687.1
Vitis vinifera thaumatin-like protein gene, complete cds
2,777 bp linear DNA; Accession code: AF227324.1

Predicted Thaumatin-like sequences in NCBI

Vitis vinifera thaumatin-like protein 1 (LOC100265945), mRNA
862 bplinear mRNA; Accession code: XM_002265816.3
Vitis vinifera thaumatin-like protein (LOC100261232), mRNA
981 bp linear mRNA; Accession code: XM_003634158.3
Vitis vinifera thaumatin-likeprotein 1 (LOC100246972), mRNA
1,939 bp linear mRNA; Accession code: XM_010664644.2
Vitis vinifera thaumatin-like protein (LOC100242321), mRNA
2,096 bp linear mRNA; Accession code: XM_010662681.2
Vitis vinifera thaumatin-like protein (LOC100253199), mRNA
1,534 bp linear mRNA; Accessioncode: XM_002273235.4
Vitis vinifera thaumatin-like protein (LOC100265026), mRNA
945 bplinear mRNA; Accession code: XM_002282957.3
Vitis vinifera thaumatin-like protein (LOC100259841), mRNA
903 bp linear mRNA; Accession code: XM_002282994.3
Vitis vinifera thaumatin-like protein (LOC100254732), mRNA
772 bp linear mRNA; Accessioncode: XM_002283006.4
Vitis vinifera thaumatin-like protein (LOC100242737), mRNA
987 bp linear mRNA; Accession code: XM_002282952.4
Vitis vinifera thaumatin-like protein (LOC100244461), mRNA
905 bp linear mRNA; Accession code: XM_010662912.2
Vitis vinifera thaumatin-like protein 1b (LOC100248638), mRNA
890 bp linear mRNA; Accession code: XM_002265565.3
Vitis vinifera thaumatin-like protein (LOC100854994), mRNA
1,176 bp linear mRNA; Accessioncode: XM_003632623.3
Vitis vinifera thaumatin-like protein 1b (LOC100247111), mRNA
1,207 bp linear mRNA; Accessioncode: XM_002265769.3
Vitis vinifera thaumatin-like protein 1b (LOC100264253), mRNA
4,490 bp linear mRNA; Accession code: XM_002265889.4
Vitis vinifera thaumatin-like protein 1b (LOC100265907), mRNA
1,840 bp linear mRNA; Accession code: XM_002277512.4
Vitis vinifera thaumatin-like protein 1b (LOC100232855), mRNA
1,317 bp linear mRNA; Accession code: XM_002277426.3
Vitis vinifera thaumatin-like protein 1b (LOC100257373), mRNA
1,677 bp linear mRNA; Accession code: XM_002274101.4
Vitis vinifera thaumatin-like protein 1b (LOC100242003), mRNA
1,537 bp linear mRNA; Accession code: XM_010666529.2
Vitis vinifera thaumatin-like protein (LOC109124045), mRNA
351 bp linear mRNA; Accession code: XM_019225556.1
Vitis vinifera thaumatin-like protein (LOC100247919), mRNA
1,143 bp linear mRNA; Accession code: XM_002278043.3

Note: Thaumatin-like DNA sequence is written in bold in the table.

Volume 12 228

No. 1/2018



Potravinarstvo Slovak Journal of FoodSciences

<«

570 bp

thaumatin-like
fragment amplicon

297 bp

control
DNA fragment

—>

Figure 2 Control and amplified thaumatin-like amplicons lenght checking in agarose gel electrophoresis.

500 bp
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Figure 3 Amplicons of thaumatin-like allergen sequences resulted in direct PCR.

uncleaved
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Figure 4 Restriction cleavage of amplified sequence of thaumatin-like allergen of Vitis vinifera, L.

Direct amplification of thaumatin-like protein sequence
of Vitis vinifera was performed along with the control
reactions with the primers for conserved region of plant
chloroplast. In all the samples, control reaction was
positive with the amplicon of 297 bp (Figure 2). This
shows the suitability of Phire® Plant Direct PCR Kit for
working with liquid products such as stromy wines and
musts. Positive amplification of thaumatin-like allergen
sequence resulted in amplicon of the length of 570bp
(Figure 2).

Subsequent direct PCR was performed when using all
the three types of samples — grapes, stormy wines and
musts. In all the cases, an amplicon of appropriate length
was obtained (Figure 3). The most abundant amplicons
were amplified in stormy wines, followed by musts and the

amplicons from grapes were the weaker when comparing
them to others. The amplicon abundancy was statistical
relevant among the types of the biological material, not
between different varieties for individual types of
biological material except of the must samples (Table 2).

Actually, amplifications of DNA regions of different, not
only plant species, is well established method. Molecular
and DNA analysis became a standard part of the research
in many areas and these analysis are performed in a wide
range of different approaches ranged from DNA markers
based analysis up to the specific analysis of plant allergens
detection or their expression (Medo et al., 2015;
Ziarovska et al., 2015; Oslovi¢ova et al., 2014; Revak et
al., 2014; Trebichalsky et al., 2013; Zidek et al., 2012;
Milella et al., 2011).
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Table 2 ANOVA analysis of theyield of ampliconsobtained by direct PCR.

Types of samples and varieties

Descriptive grape grape stormy wine stormy wine must must
details/ Irsai Muskat Savignon Svitovavrinecké ~ Dornfelder Pélava
Blanc

Mean 101.75 90.57 179.82 151.26 190.34 191.55
StDev 1.59 1.9 3.73 1.48 1.86 1.71
SE 0.92 1.1 2.16 0.85 1.07 0.99
Var 2.53 3.62 13.95 2.18 3.45 2.92
CI95% 2.75 2.75 2.75 2.75 2.75 2.75
N 3 3 3 3 3 3
Skew 1.393 -0.314 -1.466 -0.443 0.266 1.708
72Skew 0.985 -0.222 -1.037 -0.313 0.188 1.208

PAIRWISE COMPARISONS

[grape_Irsai]vs[grape_2] t(4) = 7.83 p <0.0014
[grape_1] vs [stormy wine_1] t(4) = 33.30 p <0.0001
[grape_1] vs [stormy wine_2] t(4) =39.49 p <0.0001
[grape_1] vs [must_1] t(4) =62.71 p <0.0001
[grape_1] vs [must_2] t(4) = 66.58 p <0.0001
[grape_2] vs [stormy wine_1] t(4) = 36.88 p <0.0001
[grape_2] vs [stormy wine_2] t(4) =43.65 p <0.0001
[grape_2] vs [must_1] t(4) = 64.98 p <0.0001
[grape_2] vs [must_2] t(4) = 68.38 p <0.0001

[stormy wine_1] vs [stormy wine_2] t(4) = 12.32 p <0.0002

[stormy wine_1] vs [must_1] t(4) =4.37 p <0.0120
[stormy wine_1] vs [must_2] t(4) =4.95 p <0.0078
[stormy wine_2] vs [must_1] t(4) = 28.53 p <0.0001
[stormy wine_2] vs [must_2] t(4) = 30.91 p <0.0001
[must_1] vs [must_2] t(4) =0.83 p <0.4530

Note: Codes of Vitisvinifera L. varieties in pairwisecoparison are as follows: grape 1 — IrSai, grape 2 — Muskat, stromy
wine 1 — Savignon Blanc, stromy wine 2 — Svétovavrinecké, must 1 — Dornfelder, must 2 — Pélava.

Direct PCR method was applied here to amplify
a thaumatin-like allergen sequence of Vitis vinifera L. This
method was succesfully used by Belstedt et al. (2010)
previously to amplify fragments of plant genomes of
thirty-two different plant families. The authors have used
the extraction and PCR buffer to one amplicon analysis to
be fully function in the species, that possess a wide range
of PCR contaminants — Coffea arabica L.; Thymus
vulgaris L. Olea europea, L. or Lauru snobilis L. PCR
amplification in their study was carried out using standard
universal primers of the chloroplast-encoded trn L-F locus
with a positive amplification in all of the tested plant
species except of two — Cyatheade albata (G. Forst.)
Swartz and Carpobrotus sp. BoSelova and Ziarovska
(2016) reported direct PCR approach applicable in the
marker based analysis of plants, too. They have used the
direct PCR protocol to analyse the PBA polymorphism of
Hedera helix, L.

The amplicon specificity checking of obtained PCR
product of thaumatin-like allergen was performed by
restriction cleavage by Psi I (Figure 4). In total, four
restriction sites are predicted in the amplicon by
NebCutterv 2.0 (Vincze et al.,, 2003) that resulted in
restriction amplicons of the 80 bp, 81 bp, 94 bp and 315 bp
in length.

The wine production is one of the most profitable
agricultural activities and a wide diversity of Vitis vinifera

L. cultivars are involved in the production of wine (Briciu
et al.,, 2010). This need to verify different DNA based
techniques to characterize and authentify grapevine
genepool. DNA of Vitis vinifera was reported previously
as to be extracted from different parts of the plant and
many studies were aimed to the methods of extracting
DNA from grapevine products such as grape juice, musts
or wines of different stages of the processing (Faria et al.
2000; Siret et al. 2002; Baleiras-Couto and Eiras-Dias
2006; Faria et al. 2008; Drabek et al. 2008; Isci et al.,
2014), but in this studies it is concluded, that an efficient
DNA extraction and subsequent PCR analysis from must
and wines is not fully reproducible an still difficult.
Garcia-Beneytez et al. (2002) suppose these difficulties
because of specific processes of wine production. These
together resulted completely removing of grapevine DNA.
On the other hand, extraction of DNA from must is
difficult thank to the presence of high levels of
polyphenols and polysaccharides (Briciu et al., 2010).
Confirmation of the amplicon specificity by restriction
cleavage support the potential of direct PCR to become
areproducible method that will be fully applicable in
routine analysis of not only plant genomes in the future,
but it was demonstrated, that it works in liquids, too. The
development a proving the efficient and reliable methods
for tracing Vitis vinifera cultivars and its products is an
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important aim as demand grows for origin product and
sources of knowledge.

CONCLUSION

Direct PCR can be used well in Vitis vinifera L. genomic
sequences amplification. Direct PCR was proved here to
work on all the three types of tested samples — grapes,
stormy wines and musts. In all the cases of qualitative
analyse of the results an amplicon of thaumatin-like
genomic sequence was obtained with the appropriate
length of 570 bp. The most abundant amplicons were
amplified in stormy wines, followed by musts and the
amplicons from grapes were the weaker when comparing
them to others. When regarding the quantitative analyse of
results, grape and stormy wine amplicons abundance
obtained by direct PCR is statistical relevant for different
varieties with the p <0.05 and for must the p value was
0.453. Direct PCR provides a reliable method for rapid
screening of allergen genomic sequences and can be
utilized in liquid products, too.
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THE QUALITY OF KETCHUPS FROM THE CZECH REPUBLIC'S MARKET IN
TERMS OF THEIR PHYSICO-CHEMICAL PROPERTIES

Pavel Divis, JiFi Smilek, Jaromir Po¥izka, Viclay Stursa

ABSTRACT

Ketchup is a tomato-based condiment with a tang contributed by vinegar, sugar, salt and spices. Physical and chemical
quality requirements for ketchup are regulated in the Czech Republic by Decree No. 157/2003 as amended. The main
monitored parameters determining the quality of ketchups are total tomato content, total soluble solids, total organic acids
and total salt content. In this work the following parameters were monitored in a total of eight ketchups from the
commercial markets in the Czech Republic: pH, total solids, total soluble solids, citric acid content, acetic acid content,
lycopene content, fructose, glucose and sucrose content and content of Ca, K, Mg and Na. In addition to chemical analyses,
rheological measurements were performed and dynamic viscosity and yield stress were determined. The results obtained
were statistically processed and the hypothesis i) whether the sales price of ketchups is related to the quality of ketchups
expressed in chemical composition and ii) whether the chemical composition affects the rheological properties of ketchups
has been verified. The Pearson correlation matrix showed very good correlation between the total solids and tomato content
in the ketchup (R = 0.8464) as well as between the total soluble solids and tomato content in the ketchup (R = 0.8583).
Another significant correlation was found between total soluble solids and total saccharides content in ketchup
(R =0.7309) as well as between potassium content and and tomato content in the ketchup (R = 0.8864). The chemical
composition of ketchups did not significantly affect the dynamic viscosity of ketchups, however strong correlation between
tomato content in ketchup and between yield stresses was found (R = 0.8436). No correlation was found between the
ketchup price and chemical composition of ketchup, however cheaper ketchups contained more salt.

Keywords: tomatoes; ketchup; PCA; chemical analysis; rheology

INTRODUCTION are regulated in the Czech Republic by Decree No.

Vegetables are an essential part of rational human
nutrition. The world's most cultivated vegetables include
tomatoes that are consumed mainly fresh, but they are also
used for production of tomato juice or puree, which is the
main raw material for the production of ketchup (Burton-
Freeman and Reimers, 2011). Ketchup is one of the most
common flavouring agents. In addition to essential
nutrients, saccharides and fibre it contains significant
amounts of vitamin C, lycopene and other nutritionally
important substances (Canene-Adams et al., 2005).

Ketchup means roughly two to four times thickened
tomato puree. The taste of ketchup is adjusted with salt,
vinegar, sweetener and spice extracts. The stabilization of
the resulting product requires the stabilizers (most often
modified starches in an amount of about 2 - 5%) to prevent
the distribution of the solid and liquid content and
simultaneously to modify the consistency of the ketchup,
which is to be smooth and glossy (Hayes et al., 1998).
Physical and chemical quality requirements for ketchup

157/2003 as amended. This decree states that in ketchups
containing at least 12% total soluble solids, determined by
refractometry, the refractometric total solid content of
tomato raw material must be at least 7%. For ketchups
marked as Prima, Extra or Special with refractometric total
solid content at least 30%, shall be at least 10% of
refractometric solids introduced with tomato raw material.
Other ketchup parameters to be followed are the maximum
amount of salt (up to 3%) and maximum amount of total
acid (2.2% expressed as acetic acid). Rheological
properties of ketchups are not regulated by decree or law,
however food rheology is important in quality
control during food manufacture and processing.
Rheological properties of ketchups helps producers to
determine ingredient functionality in product development,
to predict product performance and product acceptance by
consumers or to test the shelf life of product (Norton et
al., 2011).
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Scientific hypothesis

Two hypotheses were tested in this study. First, whether
higher product price means higher quality for consumers in
connection with the composition of the product and the
other, whether the chemical composition of ketchups
affects their rheological behavior. In addition, it was
verified that all analyzed ketchups complied with the
applicable legislation in terms of physical and chemical
quality requirements.

MATERIAL AND METHODOLOGY

Sample preparation

For determination of organic acids 2 g of sample was
extracted with 20 mL of ultrapure water (Elga pure lab
classic, Veolia water systems Ltd., UK), in a 50 mL
centrifugation tube placed on vertical skake table (GFL,
Germany). After 1h of extraction, samples were
centrifuged at 6000 rpm in centrifuge (EBA 21, Hettich,
Germany), supernatant was filtered using filter with
0.45 pm pore size (Labicom, Czech Republic) and filled
up to 50 mL in a volumetric flask with an ultrapure water.

Sample for analysis of saccharides was prepared by the
same way as described in the case of organic acid, with the
difference that ethanol (VWR, Germany) and ultrapure
water in 4:1 volume ratio was used for the extraction.

Sample for elemental analysis was prepared using wet
ashing method in a microwave oven (Milestone 1200,
Milestone, Italy). For decomposition of sample matrix a
mixture of nitric acid (6 mL, Analytika, Czech Republic)
and hydrochloric acid (2 mL, Analytika) was used. After
the decomposition sample was filtered using filter with
0.45um pore size and filled up to 25 mL in a volumetric
flask with an ultrapure water.

For a lycopene determination 0.1 g of sample was
weighed to a 20 mL centrifugation tube and 8 mL of
mixture of hexane, ethanol and acetone (VWR) in 2:1:1
volume ratio was added to the sample. The sample was
well mixed on a vortex and left to stay for 10 min in a dark
place. After 10 min 1mL of ultrapure water was added to
the sample and the sample was well mixed and stored for
10 min in dark place again. The upper layer of the sample
was then collected for the analysis.

Chemical analysis

Total solids were determined according to EN method
(CSN EN 12145, 1997). The pH value was measured
using pH meter with combinated electrodes (WTW,
Germany). Total soluble solids were determined by table
refractometer (Kruss AR4, Germany). Organic acids were
determined using ion chromatography (Metroohm 850
professional  IC,  Metroohm, Switzerland) with
conductivity detector. A Metrosep organic acids column
(250/7.8 mm) was used as stationary phase and 15%
acetone (VWR) in 0.5 mmol.I"" sulphuric acid (Analytika)
was used as a mobile phase. An Agilent Infinity 1260
liquid chromatograph (Agilent Technologies, USA)
equipped with ELSD detector was used for determination
of saccharides. A Prevail Carbohydrates ES column
(250/4.6 mm) was used as a stationary phase and
acetonitrile (VWR) mixed with water in 75:25 volume
ratio was used as mobile phase. Lycopen content was
determined according to the method described by

Suwanaruang (2016) using Helios gamma
spectrophotometer (Spectronic Unicam, Great Britain). An
elemental analysis was performed using ICP-OES (Ultima
2, Horiba Scientific, France) according to procedure
described by Divis et al. (2015).

Rheological analysis

The flow properties were determined on a rheometer
Discovery HR-2 (TA Instruments) using 25 mm diameter
plate-plate steel geometry. The measuring temperature was
25°C, conditioning step was 2 min, measuring slit was
28 um, shear rate range was 0.1 — 1000 s", the number of
points per decade in logarithmic mode was 6,
measurement time of one point was 10s and the number of
measurements per point was 3. After the sample was
subjected to the basic flow test, the same sample was again
subjected to a flow test with the same rheometer
parameters after an 8 minute conditioning step. By this
way sample relaxation was detected. From the shear stress
to shear rate dependence yield stress and flow index were
calculated using the Herschel-Bulkley equation in the
form: T = 75 + K - y™, where 7 is the shear stress, 7 is the
yield stress, K is the consistency coefficient and n is the
flow index.

Statisic analysis

All samples were prepared in duplicates and each sample
analysis was performed three times. Before the main data
analysis, results were tested for outliners and data
distribution. Grubbs test for outliners did not revealed any
outlined values within all analyzed parameters and data
showed a normal gaussian distribution. All parameters
were analyzed by Pearson correlation matrix and
independent variables were further classified using
principal component analysis (XL Stat, version 2015.5,
Addinsoft, France). Tukey’s comparative test using
the 0.05 significance level has been performed to find
means that are significantly different from each other.

RESULTS AND DISCUSSION

Total solids and total soluble solids are an important
quality factors in the tomato processing industry (Thakur
et al. 1996). According to valid legislation in the Czech
Republic, ketchups must contain at least 12% total solids,
determined by refractometry. In the case of ketchups
marked as “Prima”, “Extra” and “Special” the total solids
determined by refractometry must be at least 30%. Total
solids content of the analyzed samples ranged from 23.6 to
31.4% (Table 1). The results are in agreement with those
obtained by LehkoZivova et al. (2009), or Sharoba et al.
(2005). All ketchup samples, including samples K2 and K6
marked as “Extra”, were in compliance with the
requirements of the applicable legislation. There was good
correlation (R = 0.8583) between the total solids content
and the tomato content in the ketchup as well as between
the total soluble solids and the tomato content in the
ketchup (R = 0.8464) (Table 5). However, ketchups with a
smaller amount of tomatoes, which have a relatively high
total solids content, in particular samples K3 and K5, do
not suit the model of correlation. For these ketchups, it is
to be assumed that other vegetables (such as carrots,
onions) have been used to produce them, in addition to

Volume 12

No. 1/2018



Potravinarstvo Slovak Journal of Food Sciences

Table 1 Basic physicochemical parameters of ketchup samples K1-K8.

Sample
pH Total solids TSS* Tomato content
(1+SD) (mg.kg'+SD) (%=+SD) (2.100g™)**
K1 3.98 +0.05° 25.0 +0.3" 27.71 £0.058 140
K2 3.94 +0.05® 31.4 +0.2° 35.44 +0.05 240
K3 3.72 +0.05° 26.5 +0.2° 30.50 £0.05" 148
K4 3.85 +0.05% 26.4 +0.2° 31.55 +0.05° 170
K5 3.74 +0.05% 27.8 +0.2¢ 31.33 +0.05¢ 151
K6 3.98 +0.05" 28.2 +0.3 31.06 +0.05¢ 200
K7 3.74 +0.05% 27.4 +0.1¢ 32.17 £0.05° 210
K8 3.82 +0.05" 23.6 +0.1¢ 27.12 +0.05" 140

Note: Values in the same column with different letters are significantly different at p <0.05. * TSS = total soluble

solids, ** Declared content on packaging.

Table 2 Saccharide content in ketchup samples K1-K8.

Sample Saccharides
fructose glucose sucrose ¥ Saccharides X Saccharides®
(mg.g'+SD) (mg.g'+SD) (mg.g'+SD) (mg.g'+SD) (mg.g™)
K1 47.0 £0.3° 66.4 +0.8" n.d. 113.4 +1.1° 240
K2 40.9 +0.5° 57.6 £0.3¢ 82.7 +0.5° 181.2 +1.3° 344
K3 43.7 +0.4° 432 +0.4" 115.2 £0.7° 205.7 +1.5 232
K4 53.9 +0.3* 49.3 +0.3¢ 82.6 +0.6° 185.8 +1.2° 260
K5 24.4 +0.28 24.5 +0.2" 117.0 £0.8° 165.9 +1.2¢ 250
K6 34.8 +0.3" 28.9 +0.2¢ 121.0 0.6 184.7 +1.1° 240
K7 48.1 +0.6 45.7 £0.4° 89.3 +0.4¢ 183.1 £1.4" 240
K8 46.0 +0.3° 62.8 +0.5" n.d. 108.8 +0.8" 276

Note: The chemical composition is on a wet weight basis. Values in the same column with different letters are
significantly different at p <0.05. *Declared content on packaging.

tomatoes, which increased the total solids content. Only
ketchup sample K5, however, declares on the package the
use of dried vegetables (onion, garlic).

Total soluble solids are generally closely related to
saccharide content. In this work a good correlation was
also found between the total soluble solids and total
saccharides (R = 0.7280) (Table 5). The main saccharides
in ketchup samples were glucose and fructose. In most
samples sucrose was also determined. The amount of
carbohydrates is related to the tomato variety and tomato
ripening used to produce ketchup. Other saccharides can
be added to the ketchups during their sweetening. The
concentration of fructose in ketchup samples varied from
24.4 mg.g"' to 53.9 mg.g”', while concentration of glucose
varied between 24.5 mg.g” and 66.4 mg.g" and sucrose
between non-detectable quantities and 121 mg.g™' (Table
2). Similar values were measured by Sharoba et al.
(2005). The total amount of saccharides obtained by the
sum of glucose, fructose and sucrose concentration does
not agree with the data on the packaging, indicating higher
sacharide content. This difference can be explained by the
addition of starch or xanthan to ketchup, which affect its
texture. These added polysaccharides may make up the
difference between the total saccharide content and the
declared total saccharide content.

The quantity of tomatoes used for ketchup production
correlates fairly well with the lycopene content in the

ketchups (R = 0.6704) (Table 5). The amount of lycopene
in ketchups ranged between 0.056 and 0.266 mg.g™' (Table
3). Wawrzyniak et al. 2005 mentioned the amount of
lycopene in ketchup in the range of 0.07 — 0.140 mg.g™.
The content of lycopene in ketchup is dependent on
lycopene content in tomatoes used for tomato puree
production and also on ketchup production process in
which tomatoes undergo multistep mechanical and heat-
related processing operations that could potentially reduce
lycopene content in final product (Mendelova et al.,
2013).

The pH value is one of the most important factors
affecting the growth and biochemical activity of
microorganisms in food. In the case of chemically
preserved vegetables, a pH of 4.1 is required under the
legislation. The pH of ketchups is affected by the natural
organic acid content in tomatoes (e.g. malic or ascorbic
acid) and by added preservatives. The pH of the individual
samples ranged between 3.72 and 3.98 (Table 1). Similar
values were measured by Sharoba et al. (2005) while
LehkoZivova et al. (2009) measured generally higher pH,
between 4.1 and 4.3. The most important acids in ketchup
are acetic and citric acid. The acetic acid content is related
to the technological process of ketchup production, when
vinegar is added to the ketchup as a flavoring agent. Citric
acid is the most commonly used pH regulator in food. The
acetic acid content in analyzed samples varied from 16.8 to
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Table 3 Organic acids content and lycopene content in ketchup samples K1-K8.

Sample

Citric acid Acetic acid Lycopene

(mg.g'+SD) (mg.g"'+SD) (mg.g'+SD)
K1 3.7 £0.2¢ 16.8 0.3 0.108 +0.003"
K2 7.7 +0.3 31.6 +0.3" 0.241 +0.017°
K3 2.9 +0.1° 26.4 +0.4° 0.056 +0.005°
K4 5.4 0.3 29.9 +0.5" 0.132 +0.007¢
K5 4.3 +0.2¢ 22.1 +0.2¢ 0.135 +0.003¢
K6 5.9 +0.4° 22.1 +0.3¢ 0.266 +0.006"
K7 6.9 +0.3 29.6 +0.6" 0.103 +0.007¢
K8 3.9 +0.2¢ 19.1 £0.5° 0.123 +0.004

Note: The chemical composition is on a wet weight basis. Values in the same column with different letters are
significantly different at p <0.05.

Table 4 Mineral composition of ketchup samples K1-K8.

Sample Elemental compositon
Ca K Mg Na NaCl

(mg.g'+SD) (mg.g'+SD) (mg.g'+SD) (mg.g"'+SD) (mg.g'+SD)
K1 0.308 +0.009° 2.483 +0.084° 0.136 +0.003¢ 6.383 +0.138° 16.22 +0.14°
K2 0.461 +0.016" 4.979 +0.033* 0.367 +0.006 5.736 +0.089¢ 14.61 +0.09°
K3 0.416 £0.012° 1.759 +0.040¢ 0.137 +0.003¢ 4.974 +0.026° 12.62 +0.03¢
K4 0.417 +0.004¢ 3.771 £0.126° 0.198 +0.005¢ 7.816 £0.161° 19.95 +0.16°
K5 0.217 £0.005° 2.103 +0.083" 0.104 +0.003" 4.606 +0.036 11.71 £0.048
K6 0.386 +0.007¢ 2.899 +0.070¢ 0.175 +0.004¢ 3.570 +0.044¢ 9.13 +0.04"
K7 0.910 +£0.013" 4.394+0.074° 0.293 +0.004° 8.865 +0.189° 22.52 +0.19°
K8 0.331 +0.005° 2.001 +0.032° 0.111 +0.003" 4.708 +0.066°" 12.06+0.07"

Note: The chemical composition is on a wet weight basis. Values in the same column with different letters are
significantly different at p <0.05.

Table 5 Pearson correlation matrix.

variables variables

A B C D E F G H I J
A 1 0.8583 0.8464  0.6704  0.4997 0.8436  0.0687 0.8864 0.2268  0.1852
B 0.8583 1 0.9476  0.4831 0.7309  0.5870  0.3457 0.7689  0.2012  0.4769
C 0.8464  0.9476 1 0.6409  0.6262  0.6830 04164 0.6671 -0.0371 0.3214
D 0.6704  0.4831 0.6409 1 0.1382  0.7735  0.0631 0.4488  -0.3848 -0.1086
E 0.4997  0.7309  0.6262  0.1382 1 0.4286  0.2798  0.3349  0.0941 0.9019
F 0.8436 0.5870  0.6830  0.7735  0.4286 1 -0.0124  0.5673  -0.1030  0.1473
G 0.0687 03457 04164  0.0631 0.2798 -0.0124 1 -0.2001  -0.5419  0.3437
H 0.8864 0.7689  0.6671 0.4488  0.3349  0.5673  -0.2001 1 0.5920  0.0422
I 0.2268  0.2012  -0.0371 -0.3848 0.0941 -0.1030 -0.5419  0.5920 1 0.0333
J 0.1852 04769 03214 -0.1086 0.9019 0.1473  0.3437  0.0422  0.0333 1

Note: A = tomato content, B = total soluble solids, C = total solids, D = lycopene, E = Zsaccharides, F = yield stress, G
= unit price, H = potassium content, I = salt, ] = dynamic viscosity.

value = 16.6 mg.g"). For sample K7 where the second
highest citric acid content was measured, the manufacturer
declares on the package the use of lemon concentrate for
the production of ketchup.

31.6 mg.g”" and citric acid content ranged from 2.9 to 7.7
mg.g"' (Table 3). The acetic acid content was in agreement
with results obtained by LehkoZivova et al. (2009) and by
Porretta (1991), however Porreta (1991) measured
higher concentrations of citric acid in ketchup (average
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Figure 1 Flow curves of ketchup samples K1-K8.
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Figure 2 Dynamic viscosity of ketchup samples K1-K8. Values with different letters are significantly different at
p <0.05.
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Figure 3 Yield stress of ketchup samples K1-K8. Values with different letters are significantly different at p <0.05.
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Figure 4 Plots of the first two principal components from Pearson principal component analysis of results from analysis
of ketchup samples.
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Tomato products are after milk, potatoes, beef, coffe,
poultry, and orange juice the most important source of
potassium in human nutrition (Burton-Freeman and
Reimers, 2011). Tomatoes into ketchup also brings a
number of other nutritionally important elements which
can also serve as authentic markers. Concentration of
potassium in ketchup samples was within the range
1.759 — 4.979 mg.g"' (Table 4) and correlated well with
tomato content in ketchup (R = 0.8864) (Table 5).
Concentration of other mineral elements (Ca, Mg, Na) was
as follows: Ca from 0.217 to 0.910 mg.g”', Mg from 0.104
to 0.367 mg.g”"' and Na from 3.570 to 8.865 mg.g”' (Table
4). Because tomatoes naturally contain sodium in
relatively low concentration (USDA, 2015) it can be
assumed that the main source of sodium in ketchup is the
salt used to flavor ketchup. Salt amount calculated from
sodium content in ketchup varied from 9.1 to 22.5 mg.g”
which is in line with valid legislation that sets the
maximum salt content in ketchup to be 30 mg.g™".

Viscosity is a principal parameter when any flow
measurements of fluids, such as liquids or semi-solids, are
made. Viscosity measurements are made in conjunction
with product quality and efficiency. All samples exhibited
a similar type of behavior: non-Newtonian fluid exhibiting
pseudoplasticity (Figure 1). Pseudoplasticity of ketchups
lies in the orientation of the solid particles in the direction
of flow due to the shear rate exhibited. When comparing
the absolute values, there are no significant differences in
the individual samples. The only difference can be seen in
samples K2 and K6, which show a slight increase in
viscosity between 10 — 100 s, and there is a sign of
Newtonian plateau, which can be caused by structural
changes in samples K2 and K8 when subjected to
deformation (shear rate). These samples also exhibit the
lowest viscosity at the highest shear rates (1000 s™).
Absolute dynamic viscosity values were compared at a
shear rate of 10 s™! (Figure 2), which should correspond to
typical shear rates when extruding material from the tube
(1 — 100 s™). The rheological behavior of the examined
ketchup samples corresponds to the results published by
Sharoba et al. 2005 or Bayod et al. 2008.

Ketchup is a fluid with a yield stress, it is necessary to
impose some external stress at which the liquid begins to
flow. High yield stress of ketchup is not so desirable,
leading to dosing problems in gravity-feed systems or an
excess of residue on the sides of inverted bottles. Many
products are modified to keep them flowing at very low
shear stress. Samples K1, K3, K4, K5 and K8 had a low
yield stress, while samples K2, K6 and K7 had
significantly higher yield stress (F.; = 5.99, F = 65.23,
p = 0.0002). For most ketchups, the determined yield
stress is consistent with the results published by Torbica
et al., 2016. Yield stress may be influenced by the amount
of tomatoes used in ketchup production and by the amount
of added thickeners. A significant correlation was found
between tomato content in ketchup and between the yield
stress value (R = 0.8436, Table 5).

All measured data was processed using Pearson principal
component analysis. The result of this analysis is
graphically shown in the Table 5 and in the Figure 4.
Ketchup samples were divided into four quadrants
according to their similarity. The smallest distance was
recorded for samples K3 and K5 located in first quadrant

and for K1 and K8 samples located in third quadrant.
Ketchup samples K2, K4 and K7 were all located into the
fourth quadrant, but their distance was larger here.
Samples K1 and K8 are ketchups with lowest tomato
content (140 g.100g™"), samples K3 and K5 are ketchups
with a moderately high proportion of tomatoes
(150 g.100g™") and samples K2, K7 and K4 are ketchupes