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TOTAL POLYPHENOL CONTENT AND ANTIOXIDANT CAPACITY
CHANGES IN DEPENDENCE ON CHOSEN GARDEN PEA VARIETIES

@ potravindrstvo

AlZbeta Hegediisova, Ivana Mezeyova, Maria Timoracka, Miroslay Slosar,
Janette Musilovd, Tiinde Jurikova

ABSTRACT

The green pea is ranged between the crops with high antioxidant potential. This potential is connected with phytochemical
components mainly with polyphenols. All these bioactive chemicals have disease-fighting properties. In real human diet
there is no usually possibility of fresh garden pea consumption during the whole year. The total polyphenol content is
significantly changed among other things by processing methods. Focus on variety, bio-fortification and other specific
agricultural inputs, could be the right method of total polyphenol contents and total antioxidant capacity increasing. The
main objective of the present work was to consider the changes of total polyphenols content in dependence on variety and to
evaluate an antioxidant potential six garden pea varieties arranged by the ripening point of view. Variety "Exzeleus” belongs
to very early type, Premium’ is early maturing, ‘Flavora” is middle ripening variety and the last three varieties "Utrio’,
"Jumbo’ and “Ambassador” are middle late types of varieties. Every variety was grown in four replications, i.e. on 24 m?
total plot in Botanical garden of Slovak University of Agriculture in Nitra during 2013. Total polyphenols were determined
by the Lachman’s method and expressed as mg of gallic acid equivalent per kg fresh mater. Total antioxidant capacity was
measured by the Brand-Williams method using a compound DPPH (2.2-diphenyl-1-pikrylhydrazyl)). The highest value was
reached in case of variety 1179.995 =£28.081 mg/kg, the lowest value in case of "Premium’
674.505 £26.541 mg/kg. When evaluating an antioxidant capacity in chosen varieties of garden pea, the interval estimated
by our trail ranged from 0.523 +0.206% (‘Exzeleus’) to 6.844 +0.591% ('Flavora’). Following the both observed
parameters, TPC and TAC, variety ‘Flavora” (as a member of middle ripening varieties) seems to be the most optimal from
the human nutrition point of view. The various varieties had significant influence on TPC and TAC according to used
statistical analyzes. Within the all observed varieties, when they were arranged by ripening, there was estimated significant
difference only in case of garden pea varieties ‘early — middle late”. Other couples didn’t show any statistical important

"Jumbo’

differences in total polyphenol content.

Keywords: garden pea; total polyphenols; antioxidant capacity

INTRODUCTION

Green peas (Pisum sativum L.) as a good source of
vegetable protein, vitamins, fiber and micronutrients
belong to Pea family — Fabaceae (or Leguminosae). The
legumes are rich source for lysine and tryptophan but low
in sulphur-containing amino acids, methionine and
cysteine. Plant proteins are cheaper than the animal
proteins; therefore, the people consume legume seeds
worldwide as major source of protein Petchiammal et al.,
(2014). According to increasing scientific studies the green
pea is ranged between the crops with high antioxidant
potential. This potential is connected with phytochemical
components mainly with polyphenols. Molecular structure
of phenolic contributes to the antioxidant activity.
Polyphenols are known to exhibit stronger antioxidant
activity than monophenols Troszynska et al., (2002). The
main factor responsible for the delayed research on
polyphenols is the variety and the complexity of their
chemical structure D’ Archivio et al., (2007). Furthermore,
prooxidant effects of polyphenols have been described
Elbling et al., (2005), having opposite effects on basic cell

physiological processes: if as antioxidants they improve
cell survival, as pro-oxidant they may induce apoptosis
and block cell proliferation Lambert et al., (2005).
Among micronutrients, peas have high contents of
ascorbic acid, P-carotene, thiamine and riboflavin and,
compared to other vegetables, peas are rich in iron Nilson
et al., (2004). Field peas are a potential dietary source of
Fe, however true animal/human Fe bioavailability studies
are required Amarakoon et al.,, (2014). One of the the
great aptitude of peas is ability to accumulate Se in the
grain, which shows a great potential to be used as a
“functional food” in Se biofortification programs
Poblaciones et al., (2013) An increase of Se levels by
fertilization translated into a much greater Se accumulation
in the pea grain than in other cereals such as breadmaking
wheat Broadley et al., (2010).

All these bioactive chemicals have disease-fighting
properties. Consumption of foods rich in antioxidant
polyphenols is significantly associated with reduced risk of
various non-communicable human diseases, including
diabetes (Talukdar, 2013). Epidemiological studies and
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associated meta-analyses strongly suggest that long term
consumption of diets rich in plant polyphenols offer
protection against development of cancers, cardiovascular
diseases, diabetes, osteoporosis and neurodegenerative
diseases (Pandey and Rizvi, 2009). Important biological
activities have now been suggested for these bioactive
compounds like enhancement of the antioxidant,
antimutagenic, anticarcinogenic and anti-hyperglycemic
effects, which makes pulses an important crop for human
health (Singh and Basu, 2012). Legumes in generally can
be considered as a therapeutic functional foods due to their
significant content of functional proteins and
carbohydrates and their extraordinary reserve of secondary
metabolites and bioactive constituents that are beneficial
for managing and preventing several chronic illnesses in
humans Fratianni et al. (2014). The benefit of these
plants is related to the secondary metabolites that are
produced by the plants even though plants produced these
secondary metabolites for the benefits of the plant itself as
defense against infection and injury, but it was found that
the secondary metabolites have benefits to the human
health and curing human diseases (Mushtaq and Wani,
2013). The antioxidant activity of plant polyphenols can
retard the development of most major age-related
degenerative diseases such as cancers, diabetes,
cardiovascular disease, and neurodegenerative disecases
(Lee, 2013; Seo et al., 2012). On the other hand, because
of their sweet taste and starchy texture full of
health-protective phytonutrients the pea belongs between
the first vegetables, which are used for baby nourishment.
The content of mentioned bioactive compounds is
significantly changed among other things by processing
methods. The raw seeds of pea are the most potent
antioxidant suppliers and free radical scavengers
Nithiyanantham et al., (2012). In real human diet there is
no usually possibility of fresh garden pea consumption
during the whole year. Most of time the pea is cooked,
canned, dried or microwaved before it is consumed. These
processes lead to changes in physical characteristics and
chemical composition of pea. According to Turkmen et
al., (2005) there was noticed small decrease of total
antioxidant activity and total polyphenols content after
boiling, steaming and microwaving of pea in comparison
with fresh mass. As well as in case of (Xu and Chang,
2008) various steps of processing resulted in significant
decrease in total phenolic content (TPC) and DPPH free
radical scavenging content increasing. Focus on variety,
bio-fortification and other specific agricultural inputs,
could be the right method of total polyphenol contents

The main objective of the present work was to consider
the changes of total polyphenols content in dependence on
variety and to evaluate an antioxidant potential in chosen
varieties of garden pea.

MATERIAL AND METHODOLOGY

For small area field trials there were chosen six garden
pea varieties from the ripening point of view. Variety
"Exzeleus” belongs to very early type, 'Premium’ is early
maturing, ‘Flavora” is middle ripening variety and the last
three varieties 'Utrio’, "Jumbo’ and "Ambassador’ are
middle late types of varieties. Place of one trial plot was
1 m?. Every variety was grown in four replications, i.e. on
24 m? total plot in Botanical garden of Slovak University
of Agriculture in Nitra during 2013. Agrochemical
characteristic of soil substrate are figured in table 1.
Harvest of pea garden yield was made in phenological
stage ‘technological ripeness” and it was dried by
lyophilization.

Total polyphenol content estimation (TPC)

Total polyphenols were determined by the method of
Lachman et al., (2003) and expressed as mg of gallic acid
equivalent per kg fresh mater. Gallic acid is usually used
as a standard unit for phenolic content determination
because a wide spectrum of phenolic compounds. The total
polyphenol content was estimated using Folin-Ciocalteau
assay. The Folin-Ciocalteau phenol reagent was added to a
volumetric flask containing 100 pL of extract. The content
was mixed and 5 mL of a sodium carbonate solution (20%)
was added after 3 min. The volume was adjusted to 50 mL
by adding of distilled water. After 2 hours, the samples
were centrifuged for 10 min and the absorbance was
measured at 765 nm of wavelength against blank. The
concentration of polyphenols was calculated from
a standard curve plotted with known concentration of
gallic acid.

Total antioxidant capacity

Total antioxidant capacity was measured by the
Brand-Williams et al., (1995) method-using a compound
DPPH (2.2-diphenyl-1-pikrylhydrazyl)).

The 2.2-diphenyl-1- pikrylhydrazyl (DPPH") was
pipetted to cuvette (3.9 m?), then the value of absorbance,
which corresponded to the initial concentration of DPPH"
solution in time Ao was written. Then 0.1 cm?® of the
followed solution was added and then 2. was immediately
started to measure 1. the dependence A = f(t). The solution
in the cuvette 2. was mixed and measured 1. the
absorbance of 1, 5 and 10 minutes at 515.6 nm in the

increasing. spectrophotometer‘ S‘h_imadzu UV/VIS - 1249. ‘ The
percentage of inhibition reflects how antioxidant
Table 1 Agrochemical characteristic of soil substrate in mg/kg.
pH pH Cox o
Agrochemical (H,0) (KCI) (%) Hum. (%)
characteristic
7.55 6.36 1.39 4.01
Nan K Ca Mg P
Nutrients
133 285.0 5630.0 364.0 2525
Volume 9 No. 1/2015
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compound are able to remove DPPH" radical at the given
time.
Inhibition (%) = (Ao - At/ Ao) x 100

Statistical analyzes

The analysis of variance (ANOVA), the multifactor
analysis of variance (MANOVA) and the multiple Range
test were done using the Statgraphic Centurion XV
(StatPoint Inc. USA).

RESULTS AND DISCUSSION

On the base of reached results there were estimated
changes in the total polyphenols content and also changes
in total antioxidant capacity values in dependence on
chosen pea varieties from the consumer point of view. The
results of submitted task were compared and evaluated
with scientific knowledge of foreign and home authors.

1 Evaluation of total polyphenol content and values of
antioxidant capacity in chosen pea varieties in field
conditions

Following the total polyphenol content parameter (as it is
figured in table 2), the highest value was reached in case of
"Jumbo” variety with 1179.995 +£28.081 mg/kg. When
comparing this variety from total antioxidant capacity
point of view, there was estimated value 1.707 +0.291%.
This is on the lower level of observed antioxidant capacity
interval. The maximum value in total antioxidant capacity
was measured in case of ‘Flavora” variety, with
6.844 £0.591%. On the other hand, 'Flavora” reached
849.717 £16.310 mg/kg in total polyphenol content, which
is on the third place behind the variety "Premium’
(674.505 £26.541 mg/kg) with the lowest polyphenol
content  and "Ambassador”  with  the  value
791.572 £3.493 mg/kg. The results are similar as in case
Han et al., (2007) where total phenolic content in case of
green pea was estimated to 1200 mg/kg. According to
mentioned authors, the total phenolic content (PC) was
12 mg/g in lentils, 2.2 mg/g in chickpeas, 2.3 mg/g) in
soybeans, 2.5 mg/g in yellow peas and 1.2 mg/g) in green
peas. The total phenolic content according to various
sources was ranged. The differences in their TPC could be
due to the ecotype, the geographical region where they
grow and different extraction conditions. When the
concentrations of the phenolic compounds was expressed
as mg equivalents of gallic acid/g of sample (dry matter
basis), as it was in our case, the values of the garden pea

occurred between the lentils (variety "San Gerardo” with
1098 £0.87 pg/g +SD and  ‘Colliano”  with
1594 £197 pg/g +£SD) and chickpea  ("Sassano
147 £0.11pg/g £SD, "Castelcivita” 183 +0.02 pg/g £SD)
Fratianni et al. (2014).

When comparing legumes from the TAC point of view,
according to Petchiammal et al., (2014) horse gram
(brown and black), cowpea (brown), common bean and
masur (black) showed high protein content and also
exhibited good DPPH scavenging activity, ferric reducing
and reducing power activity. Comparatively, pea (white
and green) and chick pea (white, green, brown) showed
less antioxidant capacity.

The total polyphenols content as concentrated on the
ripening according to figure 1, the highest value was
estimated in case of "Jumbo” variety, which is middle late
type of variety. There is also "Utrio” and "Ambassador’,
which are middle late ripening, but variety "Utrio” reached
the total polyphenol content value 876.337 mg/kg and
Ambassador 791.572 mg/kg.

From the antioxidant capacity point of view, the highest
value was reached in case of middle type variety ‘Flavora’
with the value 6,844 %. The lowest value was found in
case of very early type variety — 'Exzeleus” with the
0,523%. In comparison with results of Kavalcova et al.,
(2014), where the interval of statistically significant
highest value of antioxidant activity was recorded in onion
(from 20.22 +0.53 to 25.76 +0.53) and statistically
significant the lowest value of antioxidant activity was
recorded in garlic (from 4.05 +0.20 to 5.07 £0.47), our
results in peas are lower, except of the variety "Flavora’,
which is comparable with the values of garlic Halvorsen
et al, (2002) also observed that TAC in peas was
relatively low among legumes and vegetables.

2 Analyses of interactions between observed features in
chosen pea varieties

2.1 Statistical evaluation of total polyphenol content
differences significance within the frame of chosen
varieties

When comparing all pea varieties, following the Table 3,
there were significant differences according to used
statistical methods on the all three types observed
confidence levels between almost the all observed
varieties. Only in case of couples "Exzeleus” vs. "Utrio’,
"Exzeleus” vs. 'Flavora” and "Utrio” vs. Flavora” there
were not found any.

Table 2 Total phenolic content and antioxidant capacity (average and average deviation values) in chosen pea varieties

after harvest in dray mass (mg/kg DM*) .

Varieties (ripening) TPC (mg/kg)* TAC (%)*
"Exzeleus” (very early) 861.454 £11.653 0.523 £0.206
"Premium’” (early) 674.505 £26.541 1.797 £0.329
"Flavora” (middle) 849.717 £16.310 6.844 +£0.591
"Ambassador’ (middle late) 791.572 £3.493 1.908 +£0.412
"Utriuo” (middle late) 876.337 £16.164 2.130 +£0.435
"Jumbo” (middle late) 1179.995 £28.081 1.707 £0.291

(TPC - total polyphenols content (mg/kg), TAC — total antioxidant capacity (%), DM — dry mass)
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Within the all observed varieties, when they were
arranged by ripening, there was estimated significant
difference only in case of garden pea varicties
‘early — middle late”. Other couples didn't show any
statistical important differences in total polyphenol
content.

Following to Amarakoon et al., (2014) significant
genotypic and environmental variation was not observed
(p >0.05) with respect to concentrations of phenolic in
field pea. Similar, according the results of Timoracka et
al., (2010) the differences of flavonoid contents in
individual pea varieties were not significant.

1400

Total polyphenols content

1200

1179,995

T
1000
876,337
— 8617454 849717
& 674,505 791572
~ 800
V)
E
o 600
=¥
=
400
200
O T T T T T
Exzeleus Premium Flavora Utriuo Jumbo  Ambassador
(very early) (early) (middle) (middle late) (middle late) (middle late)

Figure 1 Average content of total polyphenols TPC (mg/kg) in chosen pea varieties arranged by ripening.

Antioxidant capacity
8
6,8444
7 T
6
-5
g
< 4
=
3
2,1304
2 1,7965 17073 1,9081
1 | ’ . ' .
0 - T T T T T
Exzeleus Premium Flavora Utriuo Jumbo Ambassador
(very early) (early) (middle) (middle late) (middle late) (middle late)

Figure 2 Average content of total antioxidant capacity TAC (%) in chosen pea varieties arranged by ripening.
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Means and 99,9 Percent Tukey HSD Intervals

1110

1010

910

810

710

TPC _mg_kg_

610

510

early

middle

middle late  very early

Variants

Figure 3 Dependence of total polyphenol content (TPC) on pea variety ripening.

Table 3 Statistically significant differences in total polyphenols content (TPC) of chosen pea varieties by Tukey HSD

in ANOVA (Statgraphic).

Variety "Premium’(P)  "Exzeleus’(E) "Ambassador’ "Utrio” (U) "Flavora” (F) "Jumbo” (J)

(mg/kg) A)
P - +186.949***  £117.067***  £160.884***  £]175.212%** +505.49%***
E +186.949%%* - +698816%** +148837 +117367 +31854 ] ***
A +117.067*** +69.8816** - +84.7653%** +58.1448* +388.423%%*
U +160.884%** +14.8837 +84.7653%** - +26.6204 +303.658%%**
F +175.212%** +11.7367 +58.1448* +26.6204 - +330.278%**
J +505.49%** +318.541%**%  £388.423***  £3(03.658***  £330.278*** -

p <0.05 (*): statistically significant (at 95.0 % confidence level)
p <0.01 (**): high statistically significant (at 99.5 % confidence level)
p <0.001 (***): very high statistically significant (at 99.9% confidence level)

2.2 Statistical evaluation of antioxidant capacity
differences significance within the frame of chosen
varieties

Very high statistically significant differences (at 99.9%
confidence level) were found in case of variety "Flavora
vs. all observed varieties as it is figured in table 4. Also in
case of cople 'Exzeleus” vs. "Utrio” was determined very
high statistically significant differences.

"Flavora” belongs to middle type of pea variety and this
group obviously reached the highest value according the
figure 4, where the varieties are arranged by ripening and

statistically compared. According to Tukey test at 99.9%
confidence level, there were found statistically significant
differences in all compared couples except of
"early - middle late” and ‘early - very early” which are not
statistically different from the total antioxidant capacity
point of view.

Following the both observed parameters, TPC and TAC,
variety ‘Flavora” (as a member of middle ripening
varieties) seems to be the most optimal from the human
nutrition point of view.
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Table 4 Statistically significant differences at the 99.9% confidence level by Tukey HSD in ANOVA (Statgraphic) of

antioxidant capacity (TAC %) in chosen varieties of peas .

Variety (%) 'Premium’(P) 'Exzeleus’(E) “Ambassador’ "Utrio” (U) "Flavora” (F) "Jumbo” (J)
A

P - +1.273%* i(g.l)l2 +0.334 +5.048 *** +0.089
E +1.273%* - +1.385 ** +1.607%** +6.32] *** +1.184 *
A +0.112 +1.385 ** - +0.222 +4,936 *** +0.201
U +0.334 +1.607*** +0.222 - +4.714 *** +0.423
F £5.048 *** +6.32] *** +4.936 *** +4.714 *** - £5.137***
J +0.089 +1.184 * +0.201 +0.423 +5.137%** -

p <0.05 (*): statistically significant (at 95.0 % confidence level)
p <0.01 (**): high statistically significant (at 99.5 % confidence level)
p <0.001 (***): very high statistically significant (at 99.9% confidence level)

Means and 99,9 Percent Tukey HSD Intervals

o ~
~ ~
I I

w
\l
T

—
N
T N T
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o
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z |

T

statg AOC_ripening.Antioxidant capacity in %
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middle late very early

statg_ AOC_ripening.Variants

Figure 4 Dependence of total antioxidant capacity (TAC) on pea variety ripening.

CONCLUSION

The changes of total polyphenols content in dependence
on chosen garden pea varieties were estimated in the
article. Within the all observed varieties, when they were
arranged by ripening, there was estimated significant
difference in case of garden pea varieties "early — middle
late”. From dependence of total antioxidant capacity
(TAC) on pea variety ripening, there were found
statistically significant differences in all compared couples
except of "early — middle late” and ‘early — very early. The
various varieties had significant influence on TPC and
TAC according to used statistical analyzes, that is why
there is strong recommendation of multi-annual results
estimation according to submitted methodology.
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INFLUENCE OF CHOSEN MICROBES AND SOME CHEMICAL SUBSTANCES
ON THE PRODUCTION OF AFLATOXINS

ravindrstvo

Iveta Brozkova, Petra Smahovd, Jarmila Vytiasova, Petra Mot’kovad,
Marcela Pejchalova, David Silha

ABSTRACT

Aflatoxins are produced as secondary metabolites by A. flavus, A. parasiticus, A. nomius and A. tamarii. The aflatoxin
biosynthetic pathway involves several enzymatic steps and genes (apa-2, ver-1) that appear to be regulated by the afIR gene
in these fungi. The aim of this work was the detection of aflatoxins by the HPLC method and the ascertainment of factors
influencing their production. 4. parasiticus CCM F-108, A. parasiticus CCF 141, A. parasiticus CCF 3137 and two isolates
A. flavus were used. These toxigenic isolates were recovered from spice (strain 1) and wraps (strain 2). The gene for the
production of aflatoxin B1 for each species of fungi was detected using an optimized PCR method. Rhodotorula spp.”,
Lactococcus lactis subsp. lactis CCM 1881, Flavobacterium spp. and fungal strain Pythium oligandrum” were tested for
inhibition of aflatoxins production and fungal growth. Having used the HPLC detection, various preservatives (propionic
acid, citric acid, potassium sorbate) were tested from the viewpoint of their influence on the growth of aflatoxigenic fungi
followed by the production of aflatoxins. The growth of 4. flavus and A. parasiticus and aflatoxin production in Potato
Dextrose Agar supplemented with propionic acid (1000-2000-3000 mg/kg), citric acid (2000-3000-4000 mg/kg) and
potassium sorbate (500-800-1000 mg/kg) was tested by Agar Dilution Method. After 72 h of incubation was evaluated
growth of fungi, all samples were frozen for later extraction and aflatoxins quantification by HPLC. Effect of peptone and
sucrose additions were studied in yeast extract (2%) supplemented with peptone (5-10-15%) or sucrose (15%). Growth
inhibition of Aspergillus by Pythium oligandrum was tested on wood surface. As shown, the highest inhibition effect on the
aflatoxins production was obtained when propionic acid was applied in concentrations since 1000 mg/kg. A total inhibition
of the fungi growth and aflatoxins production was observed in all samples containing peptone in the concentration range
tested. Significant limitation of the growth and production of aflatoxins was also observed in the presence of other
microorganisms such like Pythium oligandrum and Rhodotorula spp.

Keywords: aflatoxin; preservatives; Pythium oligandrum; Rhodotorula; inhibition; Aspergillus flavus; A. parasiticus

INTRODUCTION

Microscopic filamentous fungi present a worldwide
problem. Fungal physiology refers to the nutrition,
metabolism, growth and reproduction of fungal cells. It
also generally relates to interaction of fungi with their
biotic and abiotic environment, including cellular response
to stress. The dynamics of fungal activities are central to
the efficiency of forestry and agricultural operations, in all
three forms: mutualistic symbionts, pathogens and
saprophytes as they mobilize nutrients and affect the
physical-chemical environment (Gqaleni et al., 1997;
Chourasia, 1993; Paster, 1999).

Fungi are also responsible for the organic pollutants
detoxification and for the bioremediation of heavy metals
in the environment.

The fungal negative effect on humans, animals and plants
is the main reason for monitoring the contamination of
food and feed (Gunterus et al. 2007, Huang et al. 2009).
Some fungi colonize plant seeds and thereby cause loss of
stored harvests and reduce seed germination rates, they can
also produce mycotoxins which have mutagenic
properties. Some fungi are pathogens of plants or animals

(and even other fungi). Fungi can also cause diseases in
humans, many of them as so-called opportunistic
pathogens that attack people whose immune systems are
weakened.

Aspergillus  species compete with Fusarium and
Penicillium species for the dominance among the world's
fungal flora (Nesci et al., 2003).

Aflatoxins are secondary metabolites produced by
Aspergillus  flavus, Aspergillus parasiticus, Aspergillus
nomius and the newly described Aspergillus tamarii and

have the highest toxicity among mycotoxins
(hepatotoxigenic, hepatocarcinogenic and
immunosuppressive effects). Due to their toxicity

including the carcinogenic activity, aflatoxins affect not
only the health of humans and animals but also the
economics of agriculture and food. For the production of
aflatoxins it is particularly important where their
biosynthetic pathway stops.

Aflatoxinogenic fungi are important contaminants of
certain foods and animal feeds because of their ability to
produce aflatoxins. When these fungi invade and grow in
commodities such as peanuts, corn and cottonseed,
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the resulting contamination with aflatoxins often makes
the commodities unfit for consumption.

Historically, identification of filamentous fungal (mould)
species has been based on morphological characteristics,
both macroscopic and microscopic. These methods may
often be time-consuming and inaccurate, which
necessitates the development of identification protocols
that are rapid, sensitive, and precise. The polymerase chain
reaction (PCR) has shown a great promise in its ability to
identify and quantify individual organisms from a mixed
culture environment; however, the cost effectiveness of
single organism PCR reactions is quickly becoming an
issue (Nigam and Singh, 2000; Bennett and Papa, 1988;
Weidenborner, 2001).

The aim of this work was the determination of aflatoxins
by the HPLC method and the ascertainment of factors
influencing their production.

MATERIAL AND METHODS

Bacterial
conditions

Six fungal, two bacterial and one yeast strains were used:
A. parasiticus CCM F-108, 4. parasiticus CCF 141,
A. parasiticus CCF 3137 and two isolates A. flavus. These
toxigenic isolates were recovered from spice (strain 1) and
wraps (strain 2). Rhodotorula spp.”, Lactococcus lactis
subsp. lactis CCM 1881, Flavobacterium spp. and fungal
strain Pythium oligandrum”™ were tested for inhibition of
aflatoxins production and fungal growth. Strains of CCM
were provided by Czech Collection of Microorganisms
(Brno, Czech Republic). Strains of CCF were provided by
Department of Botany (Faculty of Science, Charles
University, Praha, Czech Republic), the others (*) were
provided by Department of Biological and Biochemical
Sciences (Faculty of Chemical technology, University of
Pardubice, Pardubice, Czech Republic). A suspension of
bacterial and yeast or fungal strain was prepared from
freshly grown colonies on MRS for Lactococcus lactis,
Malt agar for yeast 24-48 h incubation at optimum
temperature. Concentration of bacterial and yeast cells was
adjusted to 10% cfu/mL using 0.5 McFarland turbidity
scale. Suspensions of fungal spores were prepared from 7-
days cultures grown on Malt agar’s slant at 24 °C. The
density of spores was adjusted to 10° spores/mL using
Biirker counting cell. All the nutrient media used
throughout the study were purchased from HiMedia, India.
The growth of 4. flavus and A. parasiticus and aflatoxin
production was tested by Agar Dilution Method. Control
Petri dishs were kept without bacteria and yeast in similar
way. After 7 days of incubation was evaluated growth of
fungi, all samples were frozen for later extraction and
aflatoxins quantification by HPLC (Malir et al., 2006).

The growth of A. flavus and A. parasiticus and aflatoxin
production in Potato Dextrose Agar (PDA, HIMEDIA,
India) supplemented with propionic acid
(1000-2000-3000 mg/kg), citric acid
(2000-3000-4000 mg/kg) and potassium sorbate (500-800-
1000 mg/kg) was tested by Agar Dilution Method. After
72 h of incubation was evaluated growth of fungi, all
samples were frozen for later extraction and aflatoxins
quantification by HPLC (Malir et al., 2006).

strains, growth medium and cultural

Effect of peptone and sucrose additions were also
studied. Spore concentrations ranging 10° spores/mL were
inoculated onto 10 mL of yeast extract (2%) supplemented
with peptone (5-10-15%) or sucrose (15%). Each sample
was examined in duplicate. Negative control (without
peptone or sucrose) was also included.

After incubation (25 °C, 72 h) was evaluated growth of
fungi on Malt agar, production of aflatoxins was
quantification by HPLC (Malir et al., 2006).

Growth inhibition of Aspergillus by Pythium oligandrum
was tested on wood surface (5x5 cm).

Extraction of aflatoxins

The sample was agitated with 50 mL of a mixture of 60%
methanol with 0,8 g NaCl for 3 min at room temperature.
5 mL of solution was diluted by 10 mL deionized water.
Extraction of aflatoxins was performed by Afla B affinity
colum (VICAM, USA). After filtration of the substrate
was added 1mL to developer (8 mL deionized water, ImL
trifluoroacetic acid, 1 mL acetic acid). Then the amount of
aflatoxins were detected by HPLC.

Conditions for determination of aflatoxins by HPLC

The HPLC system has been consisted of a column
(OmniSpher 5 C18 (3x150, 5 pm), Varian), a precolumn
(ChromSep Guard ColumnC18 (10x2,5 um), Varian).
A 100 pl sample was injected to HPLC system.
Microfiltered methanol-acetonitrile-water (1:1:4 v/v) was
used as isocratic mobile phase with a flow rate of
0,5 mL/min at room temperature. Aflatoxins detection was
by fluorescence with excitation and emission wavelengths
of 364 nm and 456 nm, respectively.

RESULTS AND DISCUSSION

Production of aflatoxins in potato dextrose broth

The optimized PCR reaction selectivity was tested on
collection cultures and it was proven that both PCR
methods are highly specific for the determination of
aflatoxinogenic strains of A. flavus and A. parasiticus
isolated from food and feed. When verifying the PCR
selectivity to detect the regulatory gene important for the
aflatoxin B.'s production, a positive reaction was observed
also in the non-aflatoxinogenic strain of A. versicolor
CCM F-585. The aflatoxin B,'s biosynthetic production
pathway renders various intermediate products, one of
which is versicolorin A, the final metabolite of the
A. versicolor CCM F-585 fungus (Zachova et al., 2003).
The production of aflatoxins was demonstrated only by
Aspergillus parasiticus CCF 141, Aspergillus parasiticus
CCF 3137 and Aspergillus flavus CCM-F 108 (Table 1).

Strain of Aspergillus parasiticus CCF 141 produced
aflatoxin B1 (6.6 ng/mL), aflatoxin B2 (1.0 ng/mL),
aflatoxin G1 (6.9 ng/mL ) and aflatoxin G2 (1.0 ng/mL)
(Table 1). Production of aflatoxin B1 corresponds to the
data in the literature on the production of aflatoxin Bl
found in Aspergillus parasiticus FVB 1981 isolated from
peanut sauce, which were incubated in YES broth at 28 °C
for 7 days, 10.8 ng/mL (Abarca et al., 1988). Strain of
Aspergillus parasiticus CCF 3137 produced 18.7 ng/mL
aflatoxin B1, 0.8 ng/mL aflatoxin B2, 6.5 ng/mL aflatoxin
Gl and 0.3 ng/mL aflatoxin G2 (Table 1). By contrast,
Tsai et al. (1984) states in YES broth at 25 °C for 72 hours
difference in the production of aflatoxin B1 Aspergillus
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parasiticus NRRL 2999, which was only 8.2 ng/mL (Tsai
et al., 1984). Strain of Aspergillus flavus CCM F-108
produced by aflatoxin B1, in the amount of 331.5 ng/mL
and aflatoxin B2 in the amount of 2.44 ng/mL (Table 1).
Authors Kady and Maraghy (1994) indicate comparable
production of aflatoxin B1 to the Aspergillus flavus
isolated from meat products cultivated in potatoes broth
for 10 days at 28 °C, and that was 310 ng/mL. Production
of aflatoxin B2, however, did not demonstrated in their
experiment.

The production of aflatoxins by strains 4. flavus from the
samples of sunflower, barleycorn, spice Steak afpa,
Tandoori, spices for chicken was not detected. This is
consistent with authors Razzaghi-Abyaneh et al. (2006).
Aflatoxins were produced only by isolates from wraps and
spice (Table 2). Strains producing aflatoxins were used for
further experiments.

Fungal growth inhibition and the production of
aflatoxins by a conserving substance

Growth of selected strains of fungi was monitored in the
presence of the preservative on the soil potato agar at
25 °C for 72 hours. Agar Dilution Method was used to
determine the inhibition of mold growth. Size of colony
was compared with the size of colonies on the medium
without preservatives. Citric acid inhibited at least growth
of Aspergillus flavus CCM F-108 and the most growth of
Aspergillus parasiticus CCF 3137 (Table 3). Propionic
acid inhibited growth of at least Aspergillus parasiticus
CCF 3137 and the most inhibited Aspergillus flavus
CCM F-108, whose growth was completely suppressed.
Growth of Aspergillus parasiticus CCF-141 was inhibited
completely also (Table 3). Suppression of growth of
Aspergillus flavus detected by the agar diluted method on
Sabouraud agar at 21°C for 5 days provides Conkova et
al. (1993), namely even lower concentrations of propionic
acid than was used for our experiment (Table 3).
Potassium sorbate inhibited the growth of most Aspergillus

flavus CCM F-108 and a minimum growth of Aspergillus
parasiticus CCF 3137. This strain was isolated from
environment of the rainforest in Malaysia, and is therefore
probably more resistant than the strains of Aspergillus
parasiticus CCF 141 and Aspergillus flavus CCM F-108,
obtained from the Czech Republic. Significant inhibition
of growth of Aspergillus flavus CCM F-108 is already at a
concentration of potassium sorbate and 500 mg/kg (Table
3). The concentration of potassium sorbate (higher than
1500 mg/kg) is needed for pronounced inhibition of
growth for Aspergillus parasiticus, so there, as confirmed
the authors Liewen and Marth (1984) in their study.
Propionic acid inhibits growth of Aspergillus the most of
preservatives (Table 3).

Aflatoxins production in the presence of preservatives
Conserving substance factors were tested in potato
dextrose broth (30 °C, 72 h). All the preservatives
inhibited the production of aflatoxins. When aflatoxins
were created, aflatoxins were produced in quantities less
than the detection limit determination. A. parasiticus
CCM F-108 and Aspergillus parasiticus CCF 141 were the
most sensitive to preservatives. Same results are featured
by Chourasia (1993).

Similar to our findings also Conkova et al. (1993)
feature the fungicidal efficiency of propionic acid resulting
from the experiment at 88.9%. In their study, Tsai et al.
(1984) determined the production of aflatoxins by strain
Aspergillus parasiticus NRRL 2999 in the presence of
0.2 - 0.4% propionic acid.

The largest production of aflatoxins was determined in
the presence of citric acid. Production of aflatoxin B1 and
G1 decreased with increasing concentration of citric acid
(Figure 1, Table 4 and Table 5).

In the presence of potassium sorbate were Aspergillus
parasiticus CCF 3137 produced only aflatoxins B1 and
Gl, at a concentration of 500 mg/kg (B1 0,29 ng/mL, G1
0,036 ng/mL).

Table 1 Amount of aflatoxins in potato dextrose broth (25 °C, 72 hours).

Collection cultures AFB1 AFB2 AFG1 AFG2
(ng/mL) (ng/mL) (ng/mL) (ng/mL)
A. parasiticus CCF 141 6.6 1 6.9 1
A. parasiticus CCF 3137 18.7 0.8 6.5 0.3
A. parasiticus CCM-F 108 331.5 2.44 <0.025 <0.030
A. flavus CCM-F 585 <0.025 <0.035 <0.025 <0.030
A. tamarii CCF 3206 <0.025 <0.035 <0.025 <0.030
A. parasiticus CCM-F 550 <0.025 <0.035 <0.025 <0.030
A. flavus var columnaris <0.025 <0.035 <0.025 <0.030
A. flavus CCM-F 171 <0.025 <0.035 <0.025 <0.030
A. flavus CCM-F 449 <0.025 <0.035 <0.025 <0.030
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Table 2 Amount of aflatoxins in potato dextrose broth (25 °C, 72 hours).

Strains of A. flavus isolated AFB1 AFB2 AFG1 AFG2
from samples ng/mL ng/mL ng/mL ng/mL
Wraps (strain 2) 210 4 <0,025 <0,030
Spice (strain 1) 650 15 <0,025 <0,030

Table 3 Averages of fungal colonies on potato dextrose agar (25 °C after 72h).

Conserving substance A. parasiticus A. parasiticus A. parasiticus
CCM-F 108 CCM-F 141 CCF 3137
(mm) (mm) (mm)
Without conserving substance 30 +0.4 38+1.4 45 +1.4
Citric acid 2000 mg/kg 29 +0.7 27 +1.4 27 40.7
Citric acid 3000 mg/kg 25 +0.7 23 +£0.7 22 +0.4
Citric acid 4000 mg/kg 21 +0.4 20 £1.8 18 +1.4
Propionic acid 1000 mg/kg Without growth 28 £1.4 32+1.4
Propionic acid 2000 mg/kg Without growth Without growth 10+1.4
Propionic acid 3000 mg/kg Without growth Without growth 7+14
Potassium sorbate 500 mg/kg 18 £0.4 36 £1.1 45 £2.1
Potassium sorbate 800 mg/kg 15 £0.7 33114 39114
Potassium sorbate 1000 mg/kg 11+0.7 30 +£2.5 35+1.4

Information on the aflatoxin production inhibition by
organic acids and potassium sorbate are rather sparse,
some data can be found in Tsai et al. (1984).

The reduction of aflatoxins by peptone and sucrose

The aflatoxin pathway gene expression analysis was
carried out in inducing (YES medium) and non-inducing
(YEP medium) conditions (Sweeney et al., 2000; Scherm
and Palomba, 2004; Scherm et al., 2005). In our
experiment, peptone and sucrose inhibited most of the
aflatoxin production in all of the concentrations.

The growth of aflatoxigenic fungi was not particularly
influenced by the presence of peptone and sucrose.

Fungal growth inhibition and aflatoxins production by
Pythium oligandrum

Pythium oligandrum on wood block

The growth of neither Aspergillus nor Pythium
oligandrum was visible on wood block after the incubation
period, therefore swabbing by sterile swab was carried out.
Swab cotton was then shaken out to physiological solution
and the surface of the potato dextrose agar was inoculated
with 0.1 mL of the homogenate and incubation was
allowed for 72 h at 25 °C.

After the incubation period, the Pythium oligandrum
growth was quite prominent, while the growth of A. flavus
was strongly inhibited.

Without the presence of Pythium oligandrum spores of
A. flavus survive on wooden plate.

Pythium oligandrum in liquid medium

This section of the experiment proved a major growth
inhibition of fungi, in some strains up to four orders; hence
also the aflatoxins production was reduced by Pythium
oligandrum.

Pythium oligandrum Dresch., has been identified as one
of the most numerous species observed in agricultural
soils. In certain areas, it has proven its ability to induce
plant disease suppression (Floch et al., 2009). Inoculation
with P. oligandrum or its elicitors can sensitive plants and
make them respond more quickly and efficiently to
pathogen attacks and trigger systemic  resistance.
Additionally, P. oligandrum has been reported to promote
plant growth according to a recent study this phenomenon
is mediated by tryptamine, an auxin produced by
P. oligandrum. Interactions between host fungi and
P. oligandrum involve a complex set of events (Rey et al.,
2005). In our study also showed that P. oligandrum not
only inhibited of growth of Aspergillus, but inhibited
production of aflatoxins as well.
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Production
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Figure 1 The dependence of the aflatoxin production on the citric acid concentration in Aspergillus parasiticus CCF

3137 (potato dextrose broth, 25 °C, 72 h).

Table 4 Aflatoxin production by A. parasiticus CCF 3137 in potato dextrose broth with preservatives (25 °C, 72 hours).

Aspergillus parasiticus AFB1 AFB2 AFG1 AFG2

CCF 3137 ng/ml ng/ml ng/ml ng/ml

1000 mg/kg 0.3 0.04 0.1 <0.030

Propionic acid 2000 mg/kg 0.2 0.03 <0.025 <0.030
3000 mg/kg 0.2 0.03 <0.025 <0.030

2000 mg/kg 2.6 0.045 1.1 <0.030

Citric acid 3000 mg/kg 0.33 <0.035 0.08 <0.030
4000 mg/kg 0.2 <0.035 0.07 <0.030

500 mg/kg 0.29 <0.035 0.036 <0.030

Potassium sorbate 800 mg/kg <0.025 <0.035 <0.025 <0.030
1000 mg/kg <0.025 <0.035 <0.025 <0.030

Fungal growth inhibition and aflatoxins production
using different microorganisms

Fungal growth inhibition
microorganisms

The size of fungal colony was measured on a medium for
selected microorganisms (Malt, MRS, BHI) (Table 6).
After incubation, an analysis of aflatoxins was carried out
using HPLC.

After microaerophile cultivation on MRS at 30 °C,
Aspergillus  parasiticus CCF 141 and Aspergillus
parasiticus CCF 3137 occurred for the production of
aflatoxins, which was probably caused by low pH. The
fungi were stressed and resisted the production of
aflatoxins in this medium, as well as his work indicates
Nesci et al. (2003). Author tested the effect of pH on

using different

aflatoxin production of Aspergillus parasiticus RCT 1920
and Aspergillus parasiticus RCD 106 on corn MALT agar
at 25 °C for 5 days.

Ehrlich et al. (2005) also examined the production of
aflatoxins B1 and Gl in the presence of different acidic
pH. Found that gene expression for the production of
aflatoxin B1 with decreasing pH increases and is the
largest production of aflatoxin B1, production of aflatoxin
G1 is stopped.

In our case, stress of the A. parasiticus probably
contributed microaerophilic environment of cultivation
and production of nisin by Lactococcus. Lactococcus and
Rhodotorula inhibited growth all strains of A. parasiticus
(Figure 2 and Figure 3).
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Table 5 Aflatoxin production by 4. flavus from spices for chicken (Strain 1) in potato dextrose broth with preservatives
(25 °C, 72 hours).

A. flavus Strain 1 AFB1 AFB2 AFG1 AFG2
ng/ml ng/ml ng/ml ng/ml
1000 mg/kg <0.025 <0.035 <0.025 <0.030
Propionic acid 2000 mg/kg <0.025 <0.035 <0.025 <0.030
3000 mg/kg <0.025 <0.035 <0.025 <0.030
2000 mg/kg 2.76 0.074 <0.025 <0.030
Citric acid 3000 mg/kg <0.025 <0.035 <0.025 <0.030
4000 mg/kg <0.025 <0.035 <0.025 <0.030
500 mg/kg 0.068 <0.035 <0.025 <0.030
Potassium sorbate 800 mg/kg 0.035 <0.035 <0.025 <0.030
1000 mg/kg 0.029 <0.035 <0.025 <0.030
40
35 B A.parasiticus CCF 141

W A.parasiticus CCF 3137
B A.parasiticus CCM-F 108

30

25 -
Growth ,, |

rate
(mm) 15

10* 10° 106 107 108

Number of cell (cfu/ml)

Figure 2 The dependence of the fungal growth rate on the number of Flavobacterium cells (BHI, 30 °C, 72 h).
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45 |
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30 |
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B A.parasiticus CCF 141
B A.parasiticus CCF 3137
W A.parasiticus CCM-F 108

10 10° 10° 107 108
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Figure 3 The dependence of the fungal growth rate on the number of Rhodotorula cells (MALT, 25 °C, 72 h).
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Table 6 The growth rate of fungi A. parasiticus in the presence of different microorganisms after 72 hours.

Microorganisms A. parasiticus A. parasiticus A. parasiticus
[cfu/ml] CCF 141 CCF 3137 CCM F- 108
[mm] [mm] [mm]

Lactococcus 10° (MRS, 30 °C) 2 +0.7 2+14 2+0.7
Rhodotorula 105.(MALT, 25 °C) 0 0 0
Rhodotorula 107.(MALT, 25 °C) 0 0 4+0.7
Rhodotorula 10°.(MALT, 25 °C) 12+1.4 22 0.7 32+1.4
Rhodotorula 10°.(MALT, 25 °C) 23+1.4 31+2.1 36 +0.7
Rhodotorula 10*.(MALT, 25 °C) 0 43 £1.4 39 +0.7

0,35

0,3

0,25

Production 0:2 1

B A.parasiticus CCF 3137

of aflatoxins
ng/m 0,15 -

0,1 -

0,05 -

o N N N

10* 10°

10° 107 108

Number of cells  (cfu/ml)

Figure 4 The dependence of aflatoxin production by 4. parasiticus CCF 3137 on the number of Rhodotorula cell

(MALT, 25 °C, 72 h).

Aflatoxins  production different
microorganisms

In the presence of Lactococcus, no tested fungi produced
any aflatoxins. The authors Smiley and Draughon (2000)
tested the inhibition of aflatoxin production by protein
extracts of Flavobacterium. Aspergillus flavus and
Aspergillus parasiticus isolated from spices with protein
extract of Flavobacterium in BHI broth at 30° C for 5 days
were cultivated. Inhibition of aflatoxin production by the
bacteria, according to these authors 80% (Smiley and
Draughon, 2000).

In the presence of Lactococcus and Rhodotorula, others
the strains do not produced of aflatoxins. Only
Rhodotorula strain in density of 10* cfu/mL inhibited of
production of aflatoxins at least. 0,329 ng/mL of AFBI
and 0,293 ng/mL of AFG1 were produced by 4.
parasiticus CCF 3137 (Figure 4).

The aflatoxin production by Aspergillus sp. in the
presence of peptone and sucrose was observed by the
HPLC method. In all applied peptone concentrations, the
strains were considerably inhibited.

inhibition by

Results revealed that Pythium oligandrum caused a total
inhibition of growth and aflatoxin biosynthesis in the
toxigenic Aspergillus sp.

A strong effect on limiting the growth of aflatoxigenic
fungi and aflatoxin biosynthesis was also observed when
using the Rhodotorula.

Also Lactococcus had an inhibiting effect, although only
in its highest concentration (108 cfu/mL).

CONCLUSION

This work also aimed to detect aflatoxins by the HPLC
method and to determine factors influencing their
production.

The collection cultures' aflatoxin production was
quantitatively determined by the optimized HPLC method.

Chemical factors influencing growth and production of
aflatoxins were tested. Tested preservatives (propionic
acid, citric acid and potassium sorbate) showed different
effect on different strains.

The most sensitive to preservatives was 4. flavus CCM
F-108. The most efficient growth inhibition of fungi and
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aflatoxin biosynthesis was determined already for the
concentration of 100 mg/kg.
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PRODUCTION OF T-2 TOXIN AND DEOXYNIVALENOL IN THE PRESENCE OF
DIFFERENT DISINFECTANTS

ravindrstvo

Dana HruboSova, Jarmila Vytiasova, Iveta BroZkova

ABSTRACT

The aim of the work was to examine the effect of different disinfectants on production trichothecenes (especially of T-2
toxin and deoxynivalenol). Lipophilicity, chemical structure, the presence of bioactive groups and functional groups in their
structure modifies biological activity and toxic potency of trichothecenes. For this reason, limits have been established
designating maximum levels of mycotoxins in cereals while maintaining proper growing practices. Appropriate nutritive
media were prepared with different concentration of tested disinfectants (Desanal A plus, ProCura spray and Guaa-Pool)
and were inoculated using Fusarium strains. The density of Fusarium was 10° spores per mililitre. Nutrient media was
cultivated at 15 °C and 25 °C for seven days. The strains of Fusarium graminearum CCM F-683 and Fusarium species
(isolated from barley) produced quantities of deoxynivalenol. Fusarium poae CCM F-584 and Fusarium species (isolated
from malthouse air) produced quantities of T-2 toxin. Desanal A plus prevented Fusarium growth and production of T-2
toxin and deoxynivalenol at the concentration 10%. It is an alkaline disinfectant on the basis of active chlorine and the
surfactant that contains <5% of NaClO. ProCura spray at the concentration 0.6% proved to be very effective. This
disinfectant contains 35% of propan-1-ol and 25% of propan-2-ol. Guaa-Pool at the concentration 0.004% proved to be
very effective. It is a polymeric disinfectant with anion surface-acting agent and it contains <0.9% of polyhexamethylene
guanidine hydrochloride and <0.2% of alkyl (C12-C16) dimethylbenzyl ammonium chloride. Lower contentration of
disinfectants that not prevented growth of Fusarium caused higher production of T-2 toxin and deoxynivalenol. The
contents of T-2 toxin and deoxynivalenol were analyzed by enzyme-linked immunosorbent assay (ELISA) using
commercially produced kits (Agra Quant® Deoxynivalenol Test kit and Agra Quant® T-2 toxin Test kit). The experiment
showed that the variability in the production of T-2 toxin and deoxynivalenol depended on the Fusarium strain used,
concentration of disinfectants and temperature of cultivation.

Keywords: disinfectant; T-2 toxin; deoxynivalenol; Fusarium; ELISA

carcinogenic, teratogenic and immunosuppressive effects.
The exposition to trichothecene mycotoxins can result in

INTRODUCTION

Fusarium mycotoxins cause various diseases in humans

and livestock. T-2 toxin and deoxynivalenol (trichothecene
mycotoxins) produced by fungi of the genus Fusarium (F.)
are considered the most common contaminants in feed and
food in our climatic conditions. Contamination of cereals
with mycotoxins produced by Fusarium species is a
worldwide problem (Vasatkova et al., 2009). Fusarium
species contaminate the crops and embryonic tissue of
seeds with spores during their growth and development
(Thammawong et al., 2011; Schollenberger et al., 2007).
Fusarium species occure on the ear of cereals, stalks, roots
or leaves of plants. Strains of F. poae, F. graminearum, F.
culmorum, F. avenaceum, F. nivale, F. sporotrichioides,
F. cerealis, and F. equiseti are often isolated. They are
producers of a wide range of mycotoxins (e.g.,
trichothecene mycotoxins, zearalenones, fumonisins,
moniliformin) (Mali a Ostry, 2003; Girtner et al.,
2008; D'Mello et al., 1999; Malachova et al., 2010;
Bottalico a Perrone, 2004). They influence reproduction,
prevent maturation of oocytes, disrupt of protein synthesis
and affect intracellular regulators. Mycotoxins are
dangerous for humans because they have mutagenic,

liver damage, damage to endocrine and nervous systems
(Crrepy, 2002; Hussein a Brasel, 2001; Pestka et al.,
2004; Bryden, 2007; Wu et al., 2012).

Trichothecene mycotoxins (trichothecenes) are the
largest group of mycotoxins occurring around the world.
They can be produced by taxonomically dissimilar genera
of fungi, such as Fusarium, Cryptomela, Dendrodochium,
Trichothecium, Hypocrea, Trichoderma, Phomosis,
Cylindrocarpon,  Stachybotrys  and  Myrothecium
(Desjardins, 2006; Li et al., 2011). These are polycyclic
sesquiterpenoids containing an 12,13-epoxy ring that is
responsible for their toxicity. On the basis of the presence
of or absence of characteristic functional groups they can
be classified into four types A-D. Trichothecenes type B is
different from the type A due to the presence of the
carbonyl group at the C-8 position. Type A includes T-2
toxin (Figure 1) and HT-2 toxin. Type B is represented by
deoxynivalenol (Figure 2) and nivalenol. In terms of
toxicity trichothecene mycotoxins of type A are more
dangerous than type B. Trichothecene mycotoxins of type
C (crotocin, baccharin) have a second epoxy group
between C-7 and C-8 or C-9 and C-10. Satratoxin and
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roridin (type D) are characterized by a macrocyclic ring
between C-4 and C-15 (Monaci et al., 2011; Sudakin,
2003; Li et al., 2011; Delgado et al., 2010; Krska et al.,
2011). Mycotoxin production can be affected by
temperature, humidity, type of substrate, and applications
of fertilizer and fungicidal agents (Haidukowski et al.,
2012; HruboSova-Hrmova et al., 2011). Mold growth
and production of mycotoxins can be avoided by proper
choice of disinfectants. The problems in the use of
disinfectants in food industry must be in the processing of
food. If mycotoxins are already produced, they are usually
not influenced by technological processing. Aflatoxins,
ochratoxin A, deoxynivalenol, zearalenone, fumonisin and
other are highly stable. Breweries worldwide had and still
have problems with gushing when barley contains
mycotoxins produced by Fusarium fungi. First step is to
prevent the occurrence of Fusarium on barley by
fungicides. Second step is preventing the occurrence using
of different disinfectants in malt-houses (Bélakova et al.,
2012; Suchy a Herzig, 2014).

The aim of this study was to determine the effect of
different disinfectants on production of T-2 toxin and
deoxynivalenol.

Figure 2 Deoxynivalenol (Li et al., 2011)

MATERIAL AND METHODOLOGY

Fusarium strains

Fusarium poae CCM F 584 and Fusarium graminearum
CCM F 683 are from the Czech Collection of
Microorganisms (Brno, Czech Republic). Fusarium
species (Fusarium spp. 1) was isolated from malt-house air
and Fusarium species (Fusarium spp. 2) was isolated from
barley.

Cultivation media

MALT agar, DRBC agar, and potato-carrot agar
(HiMedia, Mumbai, India) were used for isolation and
identification of Fusarium from samples. Furthermore

MALT agar was used for isolation of T-2 toxin and
deoxynivalenol in the presence of various concentrations
of disinfectants.

Disinfectants

Desanal A plus (Mica, Ceska Tiebova, Czech Republic)
* used concentrations: 3, 5, 7 and 10%

The concentration recommended by the manufacturer is
7-10%. It is an alkaline disinfectant on the basis of active
chlorine and the surfactant that contains <5% of NaClO.

ProCura spray (Agrochem, Praha, Czech Republic)

¢ used concentrations: 0.2, 0.3, 0.4, 0.5 and 0.6%
The concentration recommended by the manufacturer is
1-2%. This disinfectant contains 35% of propan-1-ol and
25% of propan-2-ol.

Guaa-pool (Guapex, Brno, Czech Republic)

e used concentrations: 0.0005, 0.001, 0.002, 0.003 and
0.004%

The concentration recommended by the manufacturer is
0.0004-0.0012%. It is a polymeric disinfectant with anion
surface-acting agent and it contains <0.9% of
polyhexamethylene guanidine hydrochloride and <0.2% of
alkyl (C12-C16) dimethylbenzyl ammonium chloride.

Cultivation of Fusarium in the presence of disinfectants
The monitoring of the Fusarium mycotoxins production in
the presence of disinfectants was performed as follows:
tested concentrations of different disinfectants were added
into the Malt agar. This prepared nutrient medium was
inoculated with 0.1 mL of Fusarium spores at a density of
10° spores per millilitre (Fusarium poae CCM F 584,
Fusarium graminearum CCM F 683, Fusarium spp. 1,
Fusarium spp. 2). The density of spores was determined
using the Biirker chamber. Cultivation was carried out at
temperatures of 15 °C and 25 °C for 7 days.

Isolation of T-2 toxin and DON

The content of the respective Petri dish after cultivation
(20 g of sample) was mixed with 100 mL of acetonitrile :
distilled water mixture (3:1) for 30 min at room
temperature at 375 g on a digital shaker (Labnet, Edison,
New Jersey, USA) (Hlavackova et al., 2012). After the
filtration of the obtained volume, 1 mL was purified using
on EASI-EXTRACT T-2 HT-2 immunoaffinity column
(R-Biopharm, Darmstadt, Germany) for the T-2 toxin and
using DONtest HPLC (Vicam, Milford, Massachusetts,
USA) for DON and evaporated to dryness. Prior to the
actual analysis, the residue after evaporation was dissolved
in 1 mL of distilled water.

Determination of T-2 toxin and DON

T-2 toxin and DON were analysed according to the
instructions in Agra Quant® Deoxynivalenol Test kit
(Romer Labs, Tulln, Austria, quantification limit:
250 pg.kg!) and Agra Quant® T-2 toxin Test kit (Romer
Labs, Tulln, Austria, quantification limit: 75 ngkg™).
Samples containing the toxin below the limit of
quantification were measured by the method of standard
addition. The standard addition of T-2 toxin was
100 ngkg! and standard addition of DON was
300 pgkg!'. The absorption in the micro-wells was
measured with a Multiskan RC ELISA reader (Ani
Labsystems Oy, Vantaa, Finland) using 450 nm of
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absorbance filter. All experiments were repeated three
times.

RESULTS AND DISCUSSION

In research were created suitable conditions for the
germination of spores and production of T-2 toxin and
deoxynivalenol. Adding of disinfectants into nutrient
media had prevent Fusarium growth and production of
T-2 toxin and deoxynivalenol.

Production of T - 2 toxin was examined in Fusarium
poae CCM F 584 and Fusarium spp. 1 - isolated from
malt-house air. A content of T-2 toxin is mentioned in
Table 1. The highest production of T - 2 toxin at 25 °C was
shown by the tested strain Fusarium spp. 1 in the presence
of 3% of Desanal A plus. T -2 toxin at 15 °C produced
mainly Fusarium poae CCM F 584 cultivated in the
presence of 5% Desanal A plus and 0.3% Procure star
namely 84.6 £0.3 to 85.9 £0.6 nug.kg'. When comparing
two different strains was found difference production of
T -2 toxin depending on the strain and temperature of the
cultivation. The difference in the incidence of Fusarium
confirms psychrophilic strains that described the
Weidenborner et al. (2001). As psychrophilic Fusarium
can be considered strain of Fusarium poae CCM F 584
because the increase production of T - 2 toxin occurred

Table 1 Production of T-2 toxin.

more at 15 °C in comparison to 25 °C. Kokkonen et al.
(2010) found that a water activity and temperature
influence the production of mycotoxins. This was observed
both in the production of T-2 toxin and deoxynivalenol in
our experiment.

Production of deoxynivalenol was examined in Fusarium
graminearum CCM F 683 and Fusarium spp. 2 - isolated
from barley. The higher production of deoxynivalenol was
observed in Fusarium graminearum CCM F 683 cultivated
in the presence of 3% Desanal Aplus at 25 °C
(28.9 0.9 pg.kg") and Fusarium spp. 2 cultivated in the
presence of 7% Desanal Aplus at 25 °C
(27.9 £1.6 pg.kg"). The experiment showed that the use of
lower concentrations of Desanal A plus disinfectants then
10% not prevented growth of Fusarium and production of
T-2 toxin and deoxynivalenol. It was also confirmed in the
study of Noske a Shearer (1985). Reynolds et al. (2012)
recommended the using of low concentrations (2.4%) of
NaClO for the reduction of fungi because sodium
hypochlorite which is weakly alkaline
(9-12 pH) can cause skin irritation (Hostynek et al.,
2006). In the presence of ProCura star Fusarium
graminearum CCM F 683 was production of
deoxynivalenol in the range of 11.9 £0.9 pgkg! to
35.4 £2.2 pgkg! and Fusarium spp. 2 was production of

T-2 toxin [pug.kg™!] £SD **

Disinfectant Concentration Fusarium poae CCM F 584 Fusarium spp. 1*
(%) 25°C 15°C 25°C 15°C
Desanal A plus 3 59.4 0.9 77.6 0.5 82.7 +0.3 69.4 1.4
Desanal A plus 5 56.7 0.5 84.6 0.3 80.0 1.7 0
Desanal A plus 7 0 37.1+1.1 0 0
Desanal A plus 10 0 0 0 0
Guaa-Pool 0.0005 232413 31.6+0.8 39.840.3 52.1+0.6
Guaa-Pool 0.001 4.5+0.4 2.540.6 15.240.1 44.4+0.3
Guaa-Pool 0.002 18.9 0.7 20.8 0.9 43.3+0.6 37.0+0.2
Guaa-Pool 0.003 12.5+0.7 18.3 0.5 46.7+0.8 48.5+1.0
Guaa-Pool 0.004 0 0 0 0
ProCura star 0,2 9.2 %0.1 39.7+0.4 61.6+0.8 34.5+0.8
ProCura star 0,3 21.040.5 85.9 0.6 44.2+0.5 0.8 0.6
ProCura star 0,4 31.3£1.7 0 452 +1.9 3.6 £0.1
ProCura star 0,5 25.7+0.2 0 0 0
ProCura star 0,6 0 0 0 0
without
disinfectants 0 13.6 £0.9 93.7 +1.2 71.6 £0.9 13.0 £2.3

* Fusarium spp. 1 - isolated from malt-house air
** average value +standard deviation
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deoxynivalenol in the range of 24.6 +1.9 pgkg!' to
38.1 2.0 pg.kg!. The 0.5% concentration of ProCura star
proved to be very effective. Suchomel et al. (2009) found
that alcoholic disinfectants containing mixtures of propan-
1-ol and propan-2-ol at alcohol concentrations 70% or
more fulfilled the required standard of antimicrobial
efficacy. Quantity of deoxynivalenol produced by
Fusarium graminearum CCM F 683 and Fusarium spp. 2
in the presence of Guaa-Pool is shown on Figure 3 and
Figure 4. Guaa-Pool is a polymeric disinfectant with anion
surface-acting agent. Quaternary ammonium compounds
are widely used biocides with antimicrobial effect against
a broad range of microorganisms. It is shown in the study
of Wessels a Ingmer (2013).

Our experiment showed that low concentrations of
disinfectants did not prevent production of mycotoxins. It
was found that using low concentrations of disinfectant

DON
ng.kg!
45 -
40 -
35 -
30 -
25 -
20 -
15 -
10 -

can cause increased production of toxins. This behavior of
fungi has already been described when cultivated in the
presence of fungicides Havlova et al. (2006) and Heier et
al. (2005). Improper application of disinfectants may act as
a stress factor stimulating the production of mycotoxins,
and therefore we must comply with all instructions given
by the manufacturer.

CONCLUSION

The results of the study show that the most effective
disinfectant for reduction of production of T-2 toxin and
deoxynivalenol was Desanal A plus and ProCura star.
Guaa-Pool at the concentration 0.004% proved to be very
effective. It is higher concentration of disinfectant than
recommended by manufacturer for full fungicidal activity.
Lower contentration of disinfectants that not prevented
growth of Fusarium caused higher production of T-2 toxin

m15°C
25°C

F.g. CCMF Guaa-Pool
683 0.0005%

ol I -

Guaa-Pool
0.001%

Guaa-Pool Guaa-Pool
0.002% 0.003%

Figure 3 Production of deoxynivalenol, Fusarium graminearum CCM F 683, cultivation for 7 days.

DON
ng.kg!
35 - m15°C
25°C
30 -
25 -
20 -
15 4
10
5 _j
0 i T T T T 1
Fusarium  Guaa-Pool Guaa-Pool Guaa-Pool Guaa-Pool
spp.2 0.0005% 0.001% 0.002% 0.003%

Figure 4 Production of deoxynivalenol, Fusarium spp. 2, cultivation for 7 days.
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and deoxynivalenol. The results indicate considerable
variability of individual strains in the production of T-2
toxin and deoxynivalenol. It depended on the Fusarium
strain used, concentration of disinfectants and temperature
of cultivation.
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LIQUID CHROMATOGRAPHIC DETERMINATION OF POLYPHENENOLS IN
CZECH BEERS DURING BREWING PROCES

Chunsriimyatav Ganbaatar, Vlastimil Kubaii, Stanislav Kracmar, Pavel Valdsek,
Miroslav FiSera, Igndac Hoza

ABSTRACT

High performance liquid chromatographic (HPLC/UV) method was adapted for simultaneous determination of seven
polyphenols, including derivatives of benzoic (gallic and vanillic acids) and cinnamic acids (p-coumaric, ferulic and sinapic
acids), flavan-3-ols (catechin) and flavonols (rutin) in worts and beers at the various stages of the brewing process. Based
on the semi-quantitative HPLC analysis, total polyphenols chromatographic index (TPCI) was in the ranges of
5.18 — 19.4 mg/L and 7.37 — 20.7 mg/L for all worts and beers, respectively. The HPLC analyses showed that relatively
high levels of (+)-catechin and gallic acid were in all the worts and the beers, while the values were much lower for ferulic
acid, rutin, vanillic acid, sinapic acid and p-coumaric acid. Polyphenols with relatively high concentrations, that were
detected in all tested worts and beers, were gallic acid (1.29 — 4.75 mg/L resp. 2.59 — 4.97 mg/L), (+)—catechin (1.66 — 7.95
mg/L resp. 4.70 — 10.0 mg/L) and ferulic acid (0.41 — 4.53 mg/L resp. 1.05 — 2.87 mg/L). On the other side, the sinapic acid
(0.72 — 1.59 mg/L resp. 0.72 — 2.5 mg/L), rutin (1.17 — 2.03 mg/L resp. 1.16 — 2.85 mg/L), p—coumaric acid
(ND —4.73 mg/L resp. ND — 1.44 mg/L) and vanillic acid (ND — 1.52 mg/L resp. 0.75 — 1.81 mg/L) were detected in lowest
concentrations. In both, worts and beers investigated in this study, the changes in the contents of individual polyphenols
were not uniform. In the case of some polyphenols, a decrease in the content was observed after boiling the worts with hops
or after the main fermentation until maturation and filtration, but with some polyphenols, the concentrations were constant
until the end of the process or even increased.

Keywords: beers; worts; brewing technology; polyphenols; HPLC; UV-VIS diode array detection

INTRODUCTION

Beer polyphenols have been mostly investigated in the
light of their potential antioxidant activity claimed to
enhance beer flavor and stability or even human health
(Cortacero—Ramirez et al., 2003; Kondo, 2004; Nardini
and Natella, 2006). The majority of polyphenols of beer
are derived from malt (70-80%), whereas about 20—30%
are derived from hops (Gerhauser, 2005). Further,
polymerization of phenolics and formation of polyphenols,
and their chemical changes can occur during wort boiling
and possibly during fermentation and storage of beer.
Polyphenolic constituents of beer represent a large
structural variety and belong to the classes of simple
phenols, benzoic and cinnamic acids derivatives,
coumarins, catechins, di—, tric and oligomeric
proanthocyanidins, (prenylated) chalcones and flavonoids
(Gerhauser and Becker, 2009).

In recent years, significant efforts have been made to
avoid the oxygen pick—up during brewing process, the
level of total packaged oxygen might be as low as
0.1 mg/L, but oxidative staling of beer is still noticeable.
Minimizing the formation and reducing activity of reactive
oxygen species (O2-, HOO", H,O, and HO") in beer and
wort, must be the first step for improving beer flavor
stability. Antioxidants reduce the rate of oxidation

reactions. Therefore, attention is now increasingly shifting
towards increasing the antioxidant activity of beer itself
(Lu et al., 2007). There are many endogenous antioxidants
such as polyphenols, Maillard reaction products, and
sulfite present in beer. Among these antioxidants,
polyphenols are of particular interest to brewers because
they play a key role in the brewing process by delaying,
retarding, or preventing oxidation processes (Lugasi and
Hovari, 2003; Lu et al., 2007; Zhao et al., 2010).

Rapid analytical methods are necessary for the quality
control department of beer producers to evaluate
polyphenols that can adversely affect beer flavor and
stability, what is of practical interest. Analytical methods
for determining polyphenols in wort and beer are limited
(Madiga et al., 1994; Montanari et al., 1999; Andersen
and Skibsted, 2001; Floridi et al., 2003). Several authors
determined  polyphenols in  beer matrices by
RP-HPLC followed by ultraviolet (Hayes and Smyth,
1987), photodiode—array (PDA, Sanchez—Moreno et al.,
1998; Montanari et al.,, 1999), fluorimetric detection
(Dvorakova et al, 2008). Electrochemical detection
(HPLC-ECD) has become a widely accepted and valuable
technique (Rehova et al., 2004; Skerikova et al., 2004)
because of its high sensitivity as well as its superior
selectivity to UV absorption for analytes that are
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electrochemically active, such as polyphenols (Roston
and Kissinger, 1981; Wang et al., 2002). Mass (MS) and
nuclear magnetic resonance (NMR) spectrometric
detection can provide additional structural information and
solve co—eluting compounds in complex mixtures (Whittle
and Eldridge, 1999). Electrospray ionization (ESI) mass
spectrometry provides the molecular masses as a soft
ionization technique after chromatographic separation,
while tandem mass spectrometry (MS/MS) provides extra
information on the distribution of the substituents on the
phenolic rings, useful for tentative identification but only
rarely providing sufficient data for full structural analysis
(Careri et al., 1998). An overview of recent development
in HPLC determination of phenolics in beers is presented
in (Chunsriimyatav et al., 2010a—c).

The general aim of this study was to detect, in a full scale
industrial process, the polyphenols in all worts and beers,
their fate during the main brewing steps and to compare
the six kinds of “Czech brews” and their corresponding
28 worts and 17 beers from Janacek Brewery, Uhersky
Brod, Czech Republic from the point of view of
identification and quantification of individual polyphenols
by using HPLC method.

MATERIAL AND METHODOLOGY

Chemicals

Gallic acid, (+)—catechin, vanillic acid, p—coumaric acid,
ferulic acid, sinapic acid, rutin, acetonitril (ACN),
trifluoroacetic anhydride (TFAA) and methanol (all from
Sigma—Aldrich), ferulic acid (Merck, Darmstadt,
Germany), Na;COs and all other chemicals of p.a. purity
were from Penta (Chrudim, Czech Republic). The stock
standard solutions (ca. 1000 pg/mL) of each polyphenols
were prepared in methanol by weighing approximately
0.001 g of the analyte into a 10 mL volumetric flask and
diluting to volume. An intermediary mixed standard
solution was prepared by dilution of the stock standard
solutions in mobile phase A to give a concentration of ca.
10, 20, 30 and 50 pg/mL for each polyphenols. All
standard solutions were stored in the dark at 4 °C and were
stable for at least three months.

Instrumentation

A UV-VIS spectrophotometer Libra S6 (Biochrom Ltd,
Cambridge, UK) and an ultrasonic bath (PSO 4000 A,
Kraintek, Slovakia) were used for sample preparation. A
HPLC system UltiMate 3000 system (Dionex Corporation,
California, USA) consisted of a pump, an autosampler,
acolumn compartment and a diode array detector.
Chromatographic  separation was carried out on
a Supelcosil LC-18-DB column (250 x 4.6 mm, 5 pm,
Supelco, USA) at 30°C using a gradient elution with
amobile phase consisting of solvent A (95% (v/v))
acetonitrile acidified with 0.35 mL TFAA) and solvent B
(50% (v/v)) aqueous acetonitrile acidified with 0.25 mL
TFAA). An injection volume 10 upL, flow rate of
I mL/min, runtime 30 min were used. Phenolic
compounds were identified on the basis of retention times
(see Table 1) and UV spectra as compared to standard
solutions of phenolic compounds. The concentrations of
individual polyphenols in wort and beer samples were
calculated using calibration curves constructed for all the

phenolic compounds. The analytical parameters of the
calibration curves were calculated with the Excel program.

Brew samples.

Six kinds of “Czech brews” (labeled as A — F) processed
by different technologies from Janacek Brewery, Uhersky
Brod, Czech Republic and their corresponding 28 worts
and 17 beers were collected at various stages during the
brewing process as follows:

1) Malt wort — front part (fresh mash) “front part” — it is
the intermediate product in the process of brewing beer. It
is a sweet solution without hops, containing saccharides
and proteins substance that appears during the percolate.
The clear fresh mash is the first part running out of a
percolate bowl. It contains the highest amount
of polyphenolic substances.

2) The second malt wort — after skimming of the first
malt wort (extract content 16-20%), the residual spent
grist flushed with hot water for last running. The goal is to
get saccharides out of spent grains as much as possible.
The decrease of the amount of polyphenols, which is
obvious from the graph, is caused by withholding of
polyphenols in the spent grains (in the filtrating layer).
Temperature is important during lautern, because
increasing temperature decreases viscosity and lautern is
accelerated. However, temperatures above 80 °C are
unfavorable. Then oa-amylase is destroyed and
un—dissolved starch cannot be saccharified. Wort will not
be iodine normal and starch haze will result in beer.

3) Third malt wort — is the last running (extract content
0.5-1%). The main quantities of most substances have
been already filtrated by previous out flowing with the
previous aberration/excess. The volume of last running
depends on aimed extract concentration. Extract content in
spent grist fixes the end of lautern. Final extract content in
spent grist has to be below 0.8%.

4) Unhoped malt wort — after lautering, brewer’s wort
mixed from fronts and all low wines (usually from three of
them) malt wort (front, first and third) is combined and
transferred to the brewing kettle, where it is boiled during
at least one hour with the addition of hops. Aims of wort
boiling are wort sterilization, predication of coagulated
proteins and isomerization of hop bitter substances. Next
to this during hop boiling coagulate proteins with
polyphenols during complex compound inception and than
they come out from the solution. Coagulation has to be
perfect; otherwise the rests of proteins can disturb
fermentation and create later fogs.

5) Hopped wort — hop (Cervenidk, Zatec hop) is added
during the wort boiling. The amount of hops needed is
only a fraction of the substantial quantities of malt used in
the brewery. Usually, a few grams of hops are sufficient as
a quantitatively minor, but qualitatively major ingredient
with crucial impact on well-defined beer features. Hop
dosage at the beginning of wort boiling serves for bittering
and is generally carried out with bitter hop. A second
dosage at the end of boiling or into the whirlpool gives
a favorable hop dose.

6) Young beer — after cooling and removal of spent hops,
the hopped wort is being pumped to the fermentation
vessels and yeast is being added under aeration for growth.
The fermentation takes about one week thereby delivering
a so—called ‘young beer’ or ‘green beer’, which not
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drinkable, as a number of offending (bad taste and smell)
compounds are formed during fermentation. During the
anaerobic phase yeast cells convert sugars to ethanol and
carbon dioxide.

7) Unfiltered beer — after fermentation, beers need
a maturation or lagering period of several weeks at about
0 °C, during which the unwanted components are slowly
decomposed. High concentrations of diacetyl and
pentane—2,3—dione are particularly obnoxious for the
quality of lager beers (‘pilsner—type’) and scrutinous
monitoring is required. Only after the content has
decreased below critical values (ppb-ranges), beer can be
bottled.

8) Filtered beer — solid and hazy particles still present in
the beer (yeast, protein—tannin particles, and hop resins)
are removed by filtration. Filtration also improves
biological and physico—chemical stability. Filtration is
carried out at low temperature (possibly at 0 to -2°C) under
a counter—pressure of carbon dioxide above its saturation
level, and with minimum uptake of oxygen. Beer samples
were degassed in ultrasonic bath PSO 4000 A before
analysis (waiver of carbon dioxide). Degassed beers and
worts were filtered through 0.45 pm Nylon membrane
filter (13 mm, Gronus filter, part No FFNN1345-100,
SMI-LabHut Ltd., Gloucester, UK).

RESULTS AND DISCUSSION

Analysis of individual polyphenols by analytical HPLC
To remedy the limitation of spectrophotometric methods
(Chunsriimyatav et al., 2010a—c) for total polyphenols
polyphenols including derivatives of benzoic and
cinnamic, flavan—3—ols and flavonols were identified and
quantified by HPLC analysis in six kinds of “Czech
brews” and their corresponding worts and beers from
various stages during the brewing process.

The seven polyphenols standard solutions prepared by
dilution of the individual stock standard solutions in
mobile phase A to obtain the desired concentrations of ca.
10, 20, 30 and 50 pg/mL™' for each polyphenols. The
working standard mixture was diluted 1:4, 3:7, and 1:1
(v/v) to obtain the calibration solutions. Table 2 lists the
parameters of calibration curves and their calibration
equations (with ¢ = 0 as fixed point and omitting
¢ = 0 point). The diode array detection was conducted by
scanning between 205 nm, 210 nm and 275 nm (except of
rutin). Comparing the absorbances at the three
wavelengths, the absorbance at 210 nm showed
considerable improvement in signal-to—noise ratio (better
precision, sensitivity). The concentrations of seven
polyphenols in worts and beers were determined using the
calibration curves (with ¢ = 0 as fixed point) listed in
Table 2. The identification of the peaks was carried out by
their retention times in comparison with standards, but also
comparing the UV spectra in samples and standards by
using a diode array detector. The standard polyphenols
were used to examine phenol concentration in different
kinds of worts and beers.

HPLC separation of standards of polyphenols

The retention times (RT) of seven standard compounds
are reported in Table 1. The elution of polyphenols follows
the decreasing polarity in reversed—phase HPLC, thus
benzoic acid derivatives are eluted earlier than cinnamic
acid derivatives. Guo et al.,, (1997) reported that the
retention time of polyphenols increases with the number of
—OCH; substituents. The elution order for benzoic acid is
as follows: gallic acid > vanilic acid. Gallic acid is the first
acid eluted (three —OH groups), whereas vanilic acid, the
first -OCHj3 substituted among benzoic acids, has an RT of
11.77 min. Under the same condition, the elution order for
cinnamic acids is p—coumaric acid > ferulic acid > sinapic
acid. Ferulic acid eluted after p—coumaric, which indicates
that the methoxy (—OCH3) substituent is less polar, for it
increases in retention.

Individual polyphenols

Table 3 reports the concentration of the seven
polyphenols and the total phenolic chromatographic index
(TPCI) as sum of all the polyphenolics classes calculated
from the chromatogram in 28 worts and 17 beers. The
standard deviation (SD) value ranges from 0.002 to
0.91 mg/L for worts and from 0.007 to 3.7 mg/L for beers.
Polyphenols with relatively high concentrations, that were
detected in all tested worts and beers, are gallic acid
(1.29 — 4.75 mg/L resp. 2.59 — 4.97 mg/L), (+) catechin
(1.66 — 7.95 mg/L resp. 4.70 — 10.0 mg/L) and ferulic acid
(0.41 — 4.53 mg/L resp. 1.05 — 2.87 mg/L). On the other
side, sinapic acid (0.72 - 1.59 mg/L resp.
0.72 — 2.5 mg/L), rutin (1.17 — 2.03 mg/L resp.
1.16 — 2.85 mg/L), p—coumaric acid (ND — 4.73 mg/L
resp. ND — 1.44 mg/L) and vanillic acid (ND — 1.52 mg/L
resp. 0.75 — 1.81 mg/L) were detected in low
concentrations. Due to their low content, some individual
polyphenols like p—coumaric acid could not be detected in
a number of beer and wort samples.

Moreover, all the worts and beers tested in the current
study exhibited relatively high levels of (+)—catechin and
gallic acid, while the values were much lower for rutin,
ferulic acid, sinapic acid, vanillic acid and p—coumaric
acid. In both, worts and beers, the changes in the
individual polyphenols were not uniform. In the case of
some polyphenols, a decrease in the content was observed
after boiling the worts with hops or after the main
fermentation until maturation and filtration, but with some
polyphenols, the concentrations were constant until the end
of the technological processes or even increased (e.g.,
gallic acid and catechin in brew C, brew D and brew E).
The concentrations of (+)—catechin and gallic acid were
approximately constant or slightly decreased in most cases
or increased during the brewing process (sweet wort —
hopped wort— fresh beer). The results also indicated a
remarkable increase of (+)—catechin contents in all beers in
comparison to the corresponding worts after maturation
process.
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Table 1 Retention times (RT) of polyphenols.

No IUPAC name Current name Abbreviation Peak-RT
(min)
1 3,4,5-trihydroxybenzoic acid Gallic acid GA 4.16
2 trans-3,3°4’,5,7-pentahydroxyflavane Catechin Cat 10.08
3 4-hydroxy-3-methoxybenzoic acid Vanilic acid VA 11.77
4 trans-4-hydroxycinnamic acid p-Coumaric acid pCA 18.73
5  4-hydroxy-3-methoxycinnamic acid Ferulic acid FA 20.64
6  3,5-dihydroxy-4-hydroxycinnamic acid Sinapic acid SA 20.79
7  Quercetin-3-rutinoside Rutin Rut 21.46
2 RT-Retention time in minutes
Table 2 Calibration curves and their calibration equations of polyphenols standards.
uv - . 5 o . ,
Compound (nm) Calibration equation * R Calibration equation R
205 Y =1552.5x - 1921 0.9907 Y =1689.7x - 7135.2 0.9884
Gallic acid 210 Y = 1874.5x - 2306.8 0.9912 Y =2039.3x - 8568.2 0.9912
275 Y = 675.7x - 832.33 0.9925 Y =735.15x - 3091.5 0.9925
205 Y =1390x - 1526.8 0.9959 Y =1499.1x - 5671.1 0.9984
Catechi 210 Y =946.61x - 985.34 0.9961 Y =1017x - 3659.8 0.9982
atechin 275 Y =74.941x - 104.51 0.9957 Y =82.406x - 388.18 0.9992
205 Y =1336.1x - 385.26 0.9971 Y =1363.6x - 1431 0.9977
Vanilic acid 210 Y =1337.6x - 251.56 0.9967 Y =1355.6x - 934.37 0.9977
antfic act 275 Y =412.52x —33.041 0.9990 Y =414.88x - 122.72 0.9977
205 Y =654.17x + 627.88 0.9944 Y =609.32x - 2332.1 0.9905
p-Coumaric acid 210 Y = 678.88x + 644.97 0.9945 Y =632.81x +2395.6 0.9907
275 Y =823.09x + 709.47 0.9952 Y =772.42x +2635.2 0.9916
205 Y =962.44 - 598.91 0.9936 Y =1005.2x - 2224.5 0.9866
Ferulic acid 210 Y =1054.3x - 652.28 0.9936 Y =1100.8x - 2422.8 0.9866
275 Y = 746.46x - 437.55 0.9935 Y =777.71x - 1625.2 0.9860
205 Y =672.7x — 420.67 0.9970 Y =702.74x - 1526.5 0.9951
Sinapic acid 210 Y =617.66x - 422.07 0.9969 Y =647.81x - 1567.7 0.9955
aple ac 275 Y = 44.065x - 54.397 0.9938 Y =254.76x - 647.51 0.9956
205 Y =879.8x - 1396.8 0.9928 Y =979.57x - 5188.3 1.0000
210 Y =734.11x - 677.09 0.9970 Y =782.47x -2514.9 0.9987

Rutin®
utin 975

a with ¢=0 as fixed point, ® omitting c= 0 point, ° rutin not detected at 275 nm

The found values agree with phenolic concentrations
determined by other authors in literature. Floridi et al.,
(2003) using HPLC with coulometric array detection,
described a wide range of free phenolic acids in worts.
Nardini and Ghiselli (2004) determined free and total
alkali extractable phenolic acids in three beers of Italian,
Austrian and German origin. Ferulic acid was the main
phenolic acid in both forms, followed by other phenolic
acids present in the three beers always in considerably
lower levels than ferulic acid. Phenolic acids were present

in these beers mainly in the bound form. Vanbeneden et
al., (2006) using HPLC-ECD, determined the content of
the three main phenolic acids: ferulic (main phenolic acid)
followed by p—coumaric and sinapic acids, but their
analytical technique was created primarily for the
simultaneous detection of volatile phenols and not
phenolic acids in worts or beers.

The sum of all the phenolic classes calculated from the
chromatogram (total  phenolics chromatographic
index — TPCI) in different brews varied considerably,
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Table 3 Individual polyphenols content (calculated using the corresponding calibration curves).

Brew Comp 1 2 3 4 5 6 7 8
A GA 4.16 +0.08 2.89 +0.04 4.25+0.26 4.75 +0.06 3.51 £0.05 3.85+0.37 3.72 £0.48 4.16 +0.08
B 4.15+0.09 2.82+0.004  2.95+0.07 3.26 +£0.09 2.87 +0.13 3.45+0.48 4.15+40.09  2.82+0.004
C 3.72 £0.05 3.79 £0.14 2.02 +0.01 3.22+0.2 1.85+0.07 3.64 +0.08 2.59 +0.01 4.85 +0.04
D 2.31+0.16 1.91+0.06  3.17+0.02 2.74 +£0.32 3.76 £0.05 4.69 +0.01 4.97 £0.01 2.31+0.16
E 3.06 +0.04 1.95 +0.01 1.40+0.003  3.28 +0.09 3.54 £0.91 3.36 +0.02 4.71 £0.02 3.06 +£0.04
F 3.27 +0.25 3.20 +0.01 1.29 +0.01 3.51+0.02 3.37£0.02 4.19 +£0.02 3.70 £0.02 4.16 +0.01
A Cat 4.77 £0.07 4.06 +0.06 592+0.02  7.53+£0.006 7.09+0.007 8.44+0.10 4.70 £0.55 4.77 £0.07
B 6.98 +0.05 5.29 +0.06 4.05 +£0.04 4.27 +£0.01 6.56 +0.56 543 £1.2
C 6.28 +0.05 5.69 £0.03 3.07 £0.04 7.72 £0.03 6.66 £0.26 6.40 +0.07 9.25+0.74 9.75+2.32
D 6.73 £0.03 ND 4.51 +0.46 5.46 £0.35 8.12 +£0.02 6.27 £0.01 5.78 £0.03 6.73 +£0.03
E 4.94 +0.06 2.59 +0.29 1.66 +0.01 5.68 £0.06 7.95 +0.09 10.0 £0.16 7.45 £0.09 8.07 £0.06
F 3.66 +0.3 4.02 +£0.02 ND 1.96 +£0.15 7.12 0.1 ND 7.91 £1.05 6.94 +0.59
A pCA - - 0.66 £0.06 - - - - -
B
C ND ND ND ND ND ND 0.94 +0.06 0.83 +0.04
D 0.62 +0.03 ND ND 0.53+0.03 ND 1.29 +0.09 1.23 +£0.03 0.62 +0.03
E ND ND ND 0.59 +0.02 1.52 +£0.05 1.01 +0.06 1.81 +0.41 0.75 +0.02
F 0.76 +0.03 ND ND 0.45 +0.02 ND 0.89 +0.02 1.14 +£0.05 0.55 +0.03
A FA 4.51 +0.01 2.51+0.02 4.4140.002  4.78 £0.01 2.76 +£0.02 2.00 £2.61 1.64 £0.12 4.51 +0.01
B 4.01 +0.03 ND 423 £0.007  4.45+0.01 2.87+0.15 1.60 +0.05
C 2.06 £0.04 1.37+0.07 ND -3 -3 - - 0.31 +0.03
D 4.73 £0.02 ND ND 2.40+0.03 - - - 4.73 £0.02
E 4.24 +£0.005 1.42 £0.02 1.01+0.004 0.97 £0.01 0.95 +0.28 1.12+0.009  1.22+1.21 1.12 £0.05
F 4.26 0.1 0.94 +0.09 - - - -2 1.44 +0.09 1.02 +0.05
A SA 1.06 +0.03 ND 0.94 +0.06 ND ND ND 1.35 +£0.06 1.06 +0.03
B 1.34 +0.05 ND 1.23 £0.02 1.58 +£0.03 1.18 +£0.04 1.29 +0.07
C 1.80 +0.06 1.65 £0.1 ND 1.85 +0.06 1.59 +£0.04 1.79+£0.06  2.50+0.01 1.82 +0.65
D 3.22 +0.06 1.61 £0.02  4.13 £0.06 4.23 4£0.22 1.05 +0.02 1.44 +1.28 1.18 +£0.03 3.22 +0.06
E ND ND ND 1.01 £0.02 0.88 +0.04 0.87 +0.07 1.71 £0.09 1.52 £0.01
F 1.05 +0.09 0.81 £0.04 ND 0.94 +0.02 0.90 +0.02 1.07 £0.02 1.34 +£0.05 1.10 +0.03
A Rut 1.19 £0.04 ND 1.29 +0.03 1.22 +£0.01 1.32 +0.03 1.27 1.34 +0.07 1.19 £0.04
B ND ND ND 1.55 £0.05 1.33 +0.06 1.22 +0.05
C ND ND ND ND 1.55 +0.02 2.02 +0.08 2.56 +0.03 1.89 +0.07
D 1.83 +0.07 1.78+0.08 1.76 £0.06 1.78+0.05 2.85+0.03 2.44 +0.08 2.17 +£0.15 1.83 +0.07
E ND ND ND 1.65 +0.07 2.03 +0.05 2.13 +0.09 2.38 +0.04 1.24 +£0.01
F 0.87 +0.09 1.21 £0.02 ND 1.42 £0.06 ND ND ND 1.05 +0.02
A TCPI® 15.7 9.5 17.5 18.3 14.7 15.6 12.8
B 16.5 8.11 12.5 15.1 14.8 12.9
C 18.4 14.8 5.18 13.2 144 14.6 19.2 20.7
D 19.4 6.02 13.6 18.1 16.7 17.4 16.6 194
E 12.2 5.96 4.07 13.2 16.9 18.5 19.3 16.8
F 15.1 11.3 1.29 9.5 12.6 7.37 16.7 17.1
1.26 £0.05 1.14 £0.06 ND 1.17 £0.02 1.19 £0.05 1.22 £0.06 1.16 £0.05 2.31+0.41
ND 0.72 +£0.01 ND 0.98 +0.05 0.93 +0.04 1.25 +0.07 1.26 +£0.08 ND

Brew A — Patriot 11%, B — Olsavan 11%, C — in Comenius 14°, D— Extra 12°, E- Patriot PLTM 11°, F—Prima 10°, 2 each
value is the mean +standard deviation of triplicate determinations; ND — not determined, * — concentration below the detection
limits, ® Total Phenolic Chromatographic Index (TPCI) = sum of all the phenolic classes calculated from the chromatogram

ranging from 5.18 — 19.4 mg/L and 7.37 — 20.7 mg/L for semi—quantitative ~HPLC analysis, total phenolics

all worts and beers, respectively. Moreover, significant
differences in total polyphenols content determined by
Folin—Ciocalteau and HPLC methods were found in the
present study, which also verified the non—specificity of
Folin—Ciocalteau method. Therefore, the measurement of
phenolic profiles by HPLC method could give more
information about their chemical characteristics and
antioxidant activities.

CONCLUSION

HPLC analysis coupled with UV-VIS diode array
detection allows separation of polyphenols in worts and
beers during the brewing process. Based on the

chromatographic index (TPCI) was in the ranges of
5.18 — 19.4 mg/L and 7.37 — 20.7 mg/L for worts and
beers, respectively. All the beers from different
technologies contained polyphenols at concentrations that
generally were similar to those detected in their
corresponding worts. The HPLC analysis showed that all
worts and beers tested in the current study were relatively
high levels of (+)—catechin and gallic acid, while the
values were much lower for ferulic acid, rutin vanillic,
sinapic and p—coumaric acids, most of which changed
significantly =~ during the brewing process. This
HPLC-DAD analysis set up to routinely analyze up to
seven polyphenols in order to control the brewing process
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and the composition of the final product. The advantage of
this procedure is that reproducible results are obtained by
direct injection of worts and beers without sample
preparation. The influence of the brewing process on the
content of free phenolic acids and other polyphenols of
worts and beers can be easily evaluated. Covalently
bonded polyphenols in worts and beer will be investigated
in future studies. A method will be developed for the
hydrolysis and extraction for determining the total
concentration (free or bound) of phenolic acids, including
some other polyphenols resolved with this method but not
determined in this work. On the results obtained from
current study, further work on optimizing brewing
processes will be the improvement of beer’s flavor
stability through raising selectively certain polyphenols.
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CONTENT OF 4(5)-METHYLIMIDAZOLE, CAFFEINE AND CHLOROGENIC
ACID IN COMMERCIAL COFFEE BRANDS

Thi Thanh Dieu Phan, Miroslava Bittova, Kamil Mikulasek, Viastimil Kubarn,
Stanislav Kraémar, Pavel Valasek, Blanka Svobodova

ABSTRACT

Content of 4(5)-methylimidazole (4-Mel), caffeine and chlorogenic acid in commercial coffee brands were determined
using high-performance liquid chromatography (HPLC) with UV DAD and MS detectors. Positive ion ESI mass spectra of
the 4-Mel standard yielded intense signals corresponding to [M+H]" (83.0604) and [2M+H]" ions (165.1115). Also, adducts
of 4-Mel with acetonitrile from mobile were detected — [M+ACN]" ions (124.0849). The LOD of 2.5 ng mL™! and LOQ of
8.4 ng.mL"! were calculated according to the following formulas: LOD = 3.SD/S, and LOQ = 10.SD/S, where S is the slope
of the calibration curve and SD is the standard deviation of the noise. The caffeine content was compared to the results of
the standard addition, 1% derivative and liquid-liquid extraction spectrophotometry. 4-Mel was in tens ug g in the
Vietnamese coffees while in units pg.g™! in all Czech and Brazilian coffees (<2.4 pg.g™' and <4.9 pg.g”!, respectively). The
results for caffeine were within the documented range (0.31 — 2.20%) in all coffee samples. The lower content of caffeine
and chlorogenic acid was observed in Vietnamese coffees. All the methods used for determination of caffeine in the Czech
and Brazilian coffees gave acceptable precision and accuracy. However, there were significant differences in the results in
Vietnamese coffees. The caffeine extractability (100 °C, 3 min brewing) almost reached 100% in Czech and Brazilian
coffees, while it was less than 90% in Vietnamese coffees. The Czech and Brazilian coffees tend to produce more caffeine

in brews than the Vietnamese coffee because of the different composition of blends and the particle size degree.

Keywords: coffee; spectrophotometric methods; HPLC; caffeine extractability

INTRODUCTION

The study of 4(5)-methylimidazole (4-Mel) and
2-acetyl-4-(1,2,3,4-tetrahydroxybutyl)-imidazole (THI)
has recently become an important aspect of food
chemistry. In many studies regarding the identification of
the causes of carcinogenesis, 4-Mel has been a factor,
which could be associated with cancer risks (NTP, 2007;
OEHHA, 2010). 4-Mel can induce alveolar/bronchiolar
adenoma and carcinoma in male and female mice (Chan
et al.,, 2008). It can also inhibit the cytochrome P450
isoenzyme, which catalyzes the oxidation of many known
or suspected carcinogens of low molecular mass in the
human liver (Hargreaves et al., 1994). Thus, this
compound has been classified as a group 2B compound
“probably carcinogenic to humans” by the International
Agency for Research on Cancer (IARC, 2011). 4-Mel and
THI are undesired byproducts formed by heating
carbohydrates (glucose, sucrose, invert sugar, etc.) in the
presence of ammonia (Hodge, 1967; Kort, 1971;
Tomasik et al., 1989; Gobin a Phillips, 1991; Bradbury
et al., 1996). These compounds can be present in caramel
color products such as soy sauce, caramel colors,
carbonated soft drink, Worcestershire sauce, canned
coffee, dark beer etc. (Casal et al., 2002; Cunha et al.,
2011; Yamaguchi and Masuda, 2011). Because roasted
coffee beans are used for brewing coffee, the levels of
4-Mel can be considered to be significant. During the

roasting process (commonly 210 — 230 °C), the coffee
beans composition dramatically changes as a consequence
of pyrolysis, caramelization, Maillard and Strecker
reactions. The color of the beans is changing from light
brown to almost black, depending on cultural and personal
preferences; and the characteristic aroma of roasted coffee
is formed (Nicoli et al., 1997; Paul, 2009). However,
potential carcinogenic compounds may be also formed at
this temperature (Tressl et al., 1998). In recent years,
several researchers have focused on the determination of
4-Mel and THI contents using liquid chromatography
coupled to mass spectrometry (LC-MS). Both analytes
were determined in samples in canned coffee purchased
from Japanese local shops (Yamaguchi and Masuda,
2011) or in caramel, dark beers and roasted coffees
(Klejdus et al., 2006) after solid phase extraction (SPE).
Methods of gas chromatography with flame ionization or
mass spectrometric detection (GC-FID and GC-MS,
respectively) after ion-pair extraction were applied for
4-Mel determination in roasted coffee beans from Brazil
and Ivory Coast coffees (Casal et al., 2002) or in ground
roasted coffee purchased from Czech local company using
HPLC/ESI-MS via supercritical fluid (SFE) extraction
(Lojkova et al., 2006).

Caffeine (1,3,5-trimethylxanthine) is known as a central
nervous system (CNS) stimulant. It is naturally present in
leaves, seeds and/or fruits of at least 63 plant species
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worldwide, such as coffee and cocoa beans, tea leaves and
kola nuts (Barone and Roberts, 1996; Frary et al.,
2005). Coffee beans contain between 0.8 and 2.8%
caffeine, depending on species and origin. It contributes to
10 — 30% of the bitter taste of coffeec brews (Burmester
and Eggers, 2010). The caffeine content in Coffea.
canephora (Robusta) is about two times that of Coffea
arabica (Arabica) (Monica, 1998). It is not significantly
changed during coffee roasting (Farah, 2009). However,
the amount of caffeine in coffee brewing substantially
varies according to the type of product (Arabica, Robusta,
or their ratio in blending), the grinding degree, brewing
methods and the serving size (Bell et al., 1996; Petracco,
2001). Robusta coffee tends to produce inferior quality and
aroma compared to Arabica coffee, but Robusta coffee is
cheaper; as a result, more Robusta coffee are mixed into
the blending products.

Raw green coffee beans are also rich in the content of
polyphenols and phenolic acids. Generally, simple
phenolic acids contribute to the acidity, bitterness and
astringency of the coffee and act in potential
biopharmacological properties (Basnet et al., 1996;
Tatefuji et al., 1996). Beside the substances, an important
group of polyphenolic compounds called chlorogenic acids
(CQAs) is present (Clifford, 2000; Perrone et al., 2008).
The levels of CQAs vary from approximately 7.88 to
14.4% dry matter for Coffea canephora (Robusta) and
approximately 3.4 to 4.8% dry matter for Coffea arabica
(Ky et al., 2001). Higher amount of CQAs in green coffee
tends to produce an undesirable flavour because of
negative notes of their products of oxidation and
degradation prior to and during roasting. The methods for
CQAs determination are predominantly based on HPLC
(Monteiro and Farah, 2012; Gloess et al., 2013; Mills et
al., 2013).

The purpose of this study was to obtain information on
content of 4(5)-methylimidazole (4-Mel), caffeine and
chlorogenic acid (3-caffeoylquinic acid, CQA) in selected
Vietnamese, Czech and Brazilian ground roasted coffees.
Chromatographic methods with UV-VIS DAD and MS
detection systems were applied for identification and
quantitative determination of studied analytes. Further, the
caffeine content was compared to the results of the three
simple and rapid UV spectrophotometric methods
(standard addition, 1% order derivative and liquid-liquid
extraction). Transfer efficiency of caffeine in Vietnamese,
Czech and Brazilian coffee samples was also compared
and discussed.

MATERIAL AND METHODOLOGY

Chemicals and reagents. Chloroform (CHCIs; 99%),
caffeine standard (>99%), chlorogenic acid (>99.5%),
sodium carbonate, methanol (for HPLC, >99.9%), were
obtained from Sigma Aldrich (Steinheim, Germany).
Formic acid (96.5%) was from LachNer (Neratovice,
Czech Republic). De-ionized water was from a Milli-Q
purification system (Millipore, Bedford, MO, USA). The
Vietnamese ground roasted coffee samples, including Dak
Tin (Ca phe Dak Tin Ltd.), Di Linh (Cty CP Ché-Cafe Di
Linh), Nam Nguyen (Cong ty ché bién ca phé Nam
Nguyén), Origin (Cong ty TNHH m¢t thanh vién Tin
Nghia) and Vinacafe (Coéng ty cd phan Vinacafe Bién

Hoa) were purchased at Saigon CO.OP, in HoChiMinh
Town, in Vietnam. The Czech ground roasted coffee
Czech Republic), Jacobs Aroma (Kraft Foods CR Ltd.,
Czech Republic), Marila Standard 100% Robusta (Mokate
Czech Ltd., Czech Republic), Jihlavanka (Tchibo Praha
Ltd., Jihlava, Czech Republic), Grande 100% Arabica
(Grande Ltd., Poland; imported by Kaufland, Czech
Republic), were purchased at local market in Zlin in the
Czech Republic. Coffee Caboclo Brasilia (D.E. Cafes do
Brasil LTDA., Sao Paolo, Brasil) represented Brazilian
coffees.

LC/MS determination of 4(5)-methylimidazole. Stock
solution of coffee (2.5 g in 45 mL water of 90°C) was
filtered and transferred into 50 mL volumetric flasks.
Ansys SPEC 3 mL SXC SPE cartridges (30 mg, Agilent
Technologies, Palo Alto, CA, USA) were used for solid
phase extraction after conditioning with 1 mL of methanol
and 1 mL of water. Sample solution (3 mL) containing
1000 pL of the stock solution of coffee, 1980 pL of water
and 20 pL of 0.1 M HCI was transferred on the SPE
cartridge, washed with 1 mL of methanol and eluted with
2 mL of methanol acidified with 5 M HCI (3:1). The
extract was evaporated to dryness and dissolved in 0.5 mL
of water. The solution was directly injected into the
LC/MS in aliquots of 10 uL.

Sample analysis was performed under gradient elution on
a Zorbax Eclipse XDB C-18 (Agilent Technologies,
4.6 x 150 mm, 5 pm) analytical column using mobile
phase consisting of 5 mM NH4OH (phase A) and
acetonitrile (ACN, phase B) with following steps:
0 — 9 min: 2 - 20% ACN, 10 - 13 min: 20 — 2% ACN,
13 — 16 min: 2% ACN). Column temperature was set at
25 °C. Signal was monitored using UV detector at 215 nm.
MS spectra were recorded with an Agilent 6224
Accurate-Mass TOF mass spectrometer (Agilent
Technologies, Wilmington, DE, USA) calibrated in the
range 30 — 1700 m/z using an ESI tuning solution
(G1969-85000, Agilent Technologies). Dual electro-spray
ionization working in a positive mode was chosen. The
parameters were set as follows: nitrogen flow 6 L min™' at
350 °C, nebulizer 40 psig, capillary voltage of 4.5 kV,
fragmentor voltage of 40 V and skimmer voltage of 65 V.
The MS spectra were recorded from 30 to 500 m/z and the
chromatogram for 4-Mel determination was extracted for
m/z 83.06.

HPLC measurements. Samples (0.2 g £0.001 g) of fine
ground roasted coffee and 20 mL of boiling distilled water
(100 °C) were extracted under reflux for 15 min. Clear
solutions were centrifuged for 15 min at 2500 rpm after
cooling to ambient temperature. Supernatant was filtered
through a membrane filter (45 um) and diluted with water
(1:5) and 20 pL were injected on a chromatographic
column.

A liquid chromatographic system 10 AVP consisting of
two LC — 10 ADVP chromatographic pumps, a GT — 154
degasser, a CTO — 10 ASVP column thermostat, and a UV
DAD detector SPD — MI0OAVP was controlled by
a SCL — 10A unit with a Class — VP 5.02 software (all
from Shimadzu, Tokyo, Japan). An analytical
chromatographic column Luna CI8 (250 x 3.0 mm,
particle size 5 pm) with a Luna C18 Security Guard
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column (4 x 2.0 mm, both Phenomenex, Torrance, CA,
USA) were for caffeine and chlorogenic acid
determination using mobile phase consisting of 3%
aqueous formic acid (phase A, pH 2.05) and methanol
(phase B) at flow rate 0.5 mL min"' and under linear
gradient elution (0 10 min: O 30% B;
10 — 20 min: 30 — 40% B; 20 — 30 min: 40 — 100% B;
35 — 38 min: 100% B; 38 — 41 min: 100 — 0% B and
finally up to 50 min at 0% B). Caffeine was detected at
270 nm while chlorogenic acid was determined at 320 nm.
Injection volume was 20 pL. Column temperature was set
to 25 °C.

Standard addition UV spectrophotometric measurement.
Working standard solutions (10.0 — 16.0 ug mL"") for the
preparation of calibration curves were prepared by dilution
of caffeine stock solution (100 pg mL! in water). UV
spectrum was recorded against water over the wavelength
range of 190 — 300 nm. The concentration of caffeine in
coffee sample was obtained from the calibration curve
(y = 0.0503x + 0.2584, r? 0.998) in which y is
absorbance of sample and x is concentration of caffeine in
the samples.

First derivative UV spectrophotometric measurement.
The coffee solution (0.05 g in 50 mL of boiling water) was
filtered and the cold filtrate was diluted to 100 mL by
water. The first order derivative absorption spectra of
caffeine solutions (6.0, 8.0, 10.0 and 12.0 pg.mL") were
recorded (see Figure 1) against distilled water in range of
190 and 300 nm. Peak-to-peak measurements (Alpdogan
et al., 2002) of two neighboring peaks of 260 nm (minima)
and 287 nm (maxima) were used for preparation of
calibration curve. The concentrations of caffeine were
calculated from the regression equation
(y = 0.0483x + 0.0107, r> = 1) in which y is peak-to-peak
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amplitude of the first order spectra at extreme of each
sample and x (pg mL') is concentration of caffeine in
samples. The % caffeine in coffee samples was obtained
by the following formula: (caffeine content/cake mass)
x 100, (cake mass: 0.05 g).

Isolation of caffeine from the coffee brews. Na,CO3
(0.2 g) was added to 10 ml of the filtrate (coffee solution)
to remove non-caffeine solids (Heilmann, 2001). The
filtrate was extracted 3 times for 10 minutes with 10 mL
CHCI; in each run. The combined extracts were diluted by
CHCI; to 50 mL. The absorbance of the standard solutions
(10, 20, and 30 pg.mL") and the sample solutions were
measured at 276.2 nm against CHCl; (AOAC method
979.11). The concentrations of caffeine were calculated
from the regression equation (y = 0.0489x, r?> = 0.9999) in
which y is absorbance of the sample and x is concentration
of caffeine in samples. The % of caffeine in coffee samples
was obtained by the above-mentioned formula.

Statistical evaluation. All results were statistically
evaluated using the variation statistics (ANOV A, StatSoft,
Prague, Czech Republic). Correlation matrices and
regression functions were calculated using the statistical
package Unistat, v. 5.5 (Unistat Ltd., England).

RESULTS AND DISCUSSION

LC/MS determination of 4(5)-methylimidazole. The

extracted ion chromatogram for 4-Mel (in concentration of
1 ug.mL") and MS spectrum are shown in the Figure 2.
The retention time was 13.5 min. Positive ion ESI mass
spectra of the 4-Mel standard yielded intense signals
corresponding to [M+H]" (83.0604) and [2M+H]" ions
(165.1115). Also, adducts of 4-Mel with acetonitrile from
mobile were detected - [M+ACN]" ions (124.0849).

190,0 200 210 220 230 240

270 280 280 S00

e

2a0 260 a1

Figure 1 First derivative spectra of caffeine standards (6.0, 8.0, 10.0 and 12.0 ug mL™"), reference: water.
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Figure 2 Extracted ion chromatogram (m/z 83.06) and ESI negative spectrum of 4-Mel.

The content of 4-Mel in the coffee samples was
quantified using calibration curve (y = 21210-442
x + 5098.331, r2 = 0.998) constructed from the peak area
of the extracted ion chromatogram at m/z 83.06. The
calibration was linear in the range 5 — 100 ng.mL-'.
The LOD of 2.5 ng mL"! and LOQ of 8.4 ng.mL"' were
calculated according to the following formulas:
LOD = 3.SD/S, and LOQ = 10.SD/S, where S is the slope
of the calibration curve and SD is the standard deviation of
the noise. The determined amount of 4-Mel varied in tens
of pg g' (13.1 — 58.1 pg.g!) in the Vietnamese coffees
(except of Vinacafe 5.1 pg.g") while in units pg g in
Czech coffees (1.8 — 2.4 pg.g!) and Brazilian coffee

(4.9 pg.gh. All analyzed Vietnamese samples were
characterized by intensive, suave, non-typical coffee
aroma and differed from Czech and Brazilian samples in
consistency. Therefore, more than ten times higher 4-Mel
values observed in Vietnamese coffee samples relate with
different ways of roasting or processing and with different
composition of blends. Corn and soya, essential oils and
even butter are also used for blending because of benefit.
In some previous studies, observed values of 4-Mel in
roasted coffees were also lower and ranged between
0.31 — 1.24 pg.g' (Casal et al., 2002) and 0.39 — 2.05
pg.g! (Klejdus et al., 2006).
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Table 1 Content (mean +SD; in pg g') of 4(5)-methylimidazole (4—Mel) and content (mean =SD; in mg 100 g!) of
chlorogenic acid (CQA) in selected samples of Vietnamese, Czech and Brazilian coffees (n = 3).

Brazilian

Vietnamese coffees Czech coffees coffee

Analyte

. R . . . Nam Marila Jacobs Caboclo

Vina-cafe  DiLinh  DakTin  Origin Nguyen Standard  Aroma Brasilia

Content (mean+SD; in ug g™
4-Mel 51+03 58.1+1.5 387+1.8 13.1£03  29.1+0.4 1.8 0.1 2.4 0.1 4.9 0.1
Content (mean+SD; in mg 100 g)
CQA 202.4+22.1 28.6+£9.0 22+0.8 59937 59.6+0.1 683.4 £46.7 n.d. n.d.

n.d. - not detected

Table 2 Caffeine content (Cont.; mean +£S.D.; in % w/w; n = 3) in coffee samples and transfer (T; in % w/w; n = 3) into

coffee brewing at 100 °C and for 3 minutes.

Extraction using

1%t derivative

Sample Standard addition CHCL measurement® HPLC/DAD
Cont. (%) T (%) Cont. (%) T (%) Cont. (%) T (%) Cont. (%) T (%)
Dadak 6.51+0.06 9342  2.11+0.04 97 +1 2.12 £0.01 94 +1 2.13+0.02 9543
Jihlavanka 8.03+0.07 91+l  2.20+0.02 96 £2 2.20 +£0.04 99 +1 2.19+0.03 97 +2
Grande 9.98 £0.08 99+1  1.98+0.01 95 +1 2.11 £0.01 100 £2 2.03+0.05 982
Jacobs Aroma 6.22+0.06  97+2  1.93 +0.02 100 +1 1.83 +0.00 92 +1 2.01+0.02 96 +1
Marila Standard ~ 7.04 £0.10 97 +2 2.10 0.1 99 +2 2.11 £0.02 95 +1 2.13+£0.01 99 +1
Dak Tin 2.90+0.06 65+5 0.31+0.01 64 +4 0.57 £0.00 76 +6 0.63+£0.01 6045
Di Linh 4.10+0.16 686  0.57 +0.01 70 +4 1.05 +£0.04 73 £5 0.68 £0.05 68 £5
Nam Nguyen 4.50+0.01 64 +3  1.03 +£0.02 77 £3 1.40 +0.01 85 +5 1.13+0.04  75+6
Origin 5.55+0.11 66+4 1.45+0.01 90 +4 1.80 +0.00 86 +4 1.43+0.03  89+7
Vinacafe 6.62+0.01 91+6  2.10+0.06 100 +2 2.10 +0.01 98 +4 2.13+0.02 9945

2 measured at 265 and 289 nm for Dadak, Grande and Vinacafe, 268 and 290 nm for Jihlavanka, 266 and 289 nm for
Jacobs Aroma, 268 and 289 nm for Marila Standard, 265 and 284 nm for Dak Tin, 264 and 285 nm for Li Linh, 264 and

287 for Nam Nguyen, 263 and 284 nm for Origin

HPLC determination of caffeine and chlorogenic acid. A
five points calibration curve (y = 103858 x + 170.42,
2 = 0.9999) was constructed as a peak area vs. caffeine
concentration for 2.5, 5, 10, 25 and 50 ug.mL' of caffeine
with LOD = 1.56 pg.mL! and LOQ = 5.20 ug.mL’. The
calibration curve for chlorogenic acid was constructed
similarly with the concentration of 0.5, 1, 2, 10 and
20 pg.mL! (y = 16340 x + 1.478, r* = 0.9999) with
LOD = 0.08 pg.mL"' and LOQ = 0.25 pg.mL"!. The
contents of caffeine and chlorogenic acid (see Tables 1 and
Table 2) were lower in Vietnamese coffees in comparison

with Czech coffee Marila Standard. Even in case of Dak
Tin sample, the found caffeine content was less than
3 pg.g’'. While the content of caffeine is not so much
influenced by roasting time and relates mainly with the
coffee cultivars, the level of chlorogenic acid is roasting
time dependent and decrease with roasting duration
(Farah, 2009). Comparison of 4-Mel, caffeine and
chlorogenic acid content is illustrated in Figure 3. Our
findings indicate that Vietnamese coffee samples were
roasted longer than Czech samples which results in higher
content of 4-Mel and lower level of chlorogenic acid.
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Comparison of the spectrophotometric methods for
caffeine determination. The contents of caffeine

2000 [ caffeine (mg 100g™")
1800 E— chlorogenic acid (mg 100g")

]4-Mel (ug 10g™)

5

Vinacafe Di Linh Dak Tin

T
Origin Nam Nguyen Marila

Figure 3 Comparison of caffeine, chlorogenic acid and 4(5)-methylimidazole content in
Vietnamese and Czech coffee samples.

determined by liquid chromatographic, 1% derivative
standard addition, and extraction spectrophotometric
methods were found to be within the documented range
(0.31 £0.01 and 2.20 +0.04%) in all the coffee samples.
There were no significant differences among the results in
all the Czech coffees. However, there were significant
differences in standard addition and other methods in all
the Vietnamese samples (1.2 — 1.8 times), except of the
Vinacafe sample (2.10 #0.06% and 2.10 +0.01%,
respectively). This may be explained by a more significant
interference of matrices and different composition of
blends in the Vietnamese samples compared to the Czech
ones (see above). The caffeine contents of the Czech
coffees were higher than those of the Vietnamese coffees
in all samples. The caffeine extractability at 100 °C and
3min of brewing (commonly used time for brewing
coffee) almost reached 100% in Czech coffees, while it
was less than 90% in Vietnamese coffees (see Table 2).
The particle size of coffee powders is probably major
cause of the differences in caffeine extractability between
Czech and Vietnamese coffee brands. Previous studies
have also shown that caffeine content in coffee was
influenced by grinding techniques (Bell et al., 1996). The
results showed that the caffeine contents of Grande (100%
Arabica) and Marila Standard (100% Robusta) were
1.98 £0.01% and 2.10 £0.1%, respectively. However, they
did not agree with the previous results published,
1.1 — 1.3% for Arabica and 2.4 — 2.5% for Robusta (Belitz
et al.,, 2009). This may be due to deception in blending
commercial ground roasted coffee.

CONCLUSION

The determination of 4(5)-methylimidazole, chlorogenic
acid and caffeine content in Czech, Vietnamese and
Brazilian ground roasted coffee brands illustrate
significant differences in the amount of the analytes. They
also indicate variant procedures in roasting and coffee
processing. The contents of caffeine in five Czech and five
Vietnamese coffees were also compared to the results of
the 1% derivative, standard addition and extraction
spectrophotometry applying CHCIs as an extraction
solvent. The Czech coffee tends to produce more caffeine
than the Vietnamese coffee because of the different
composition of blends and the particle size degree. All
methods can be successfully used for determination of
caffeine. However, there were significant differences in the
results among the standard addition and the other methods
in the case of the Vietnamese coffee brands. The first
derivative UV spectrophotometry gives 1.2 — 1.8 times
higher  results compare to the  extraction
spectrophotometric method.
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THE EFFECT OF STORAGE TEMPERATURE ON THE QUALITY AND
FORMATION OF BLOOMING DEFECTS IN CHOCOLATE CONFECTIONERY

Lenka Machdlkovd, Ludék H¥ivna, Sarka Nedomovd, Miroslav Jizl

ABSTRACT

The study aimed at assessing changes in the quality of certain types of chocolate products over the storage period with
particular focus on the formation and development of fat and sugar bloom in chocolate products. Seven products were
selected in collaboration with a chocolate factory to undergo monitoring and analysis and stored at four temperature
regimens (6 °C, 12 °C, 20 °C and 30 °C). Five samplings were carried out over the storing period (18 weeks) for evaluation
of the dynamics of changes in their quality. Each sampling was accompanied by sensory evaluation; selected physical
attributes were also analysed: changes in colour (AE*ab) within the CIE (L*a*b) system and changes in hardness using the
TIRAtest 27025. The results showed a significant effect of storing temperature on the intensity of changes in the quality
of products. The results of sensory evaluation of selected products showed that the highest quality for the majority
of descriptors was achieved by products stored at temperatures of 6 °C and 12 °C. As regards samples stored under the
temperature regimen of 20 °C, the products started to show visible differences, caused primarily by the formation of fat
bloom while storing at 30 °C proved to be extremely unsuitable for all the tested products. Since storing temperatures of 6,
12 and 20 °C did not considerably affect hardness and colour of each product, no distinct changes occurred under such
temperature regimens. From the aspect of analytical measurements of colour and hardness of each product, storing at
temperatures of 20 °C can be termed appropriate. In all the analyses, the effect of the temperature regimen of 30 °C was
significantly negative due to defects caused by blooms on the chocolate, meaning that such temperatures are not advisable

for storing chocolate products, even over a short term.

Keywords: chocolate; storage temperature; blooming; colour; hardness

INTRODUCTION

In chocolate, durability is dependent on several
parameters including storing temperature and humidity,
availability of oxygen in the immediate surroundings,
which is directly related to the use of packaging materials;
it also relates to additions of other ingredients such as fats,
nuts etc. (Nattress et al.,, 2004). Typically, there are two
basic types of defects found on chocolate - fat bloom and
sugar bloom, with the material losing its gloss and
becoming covered with a fine whitish layer (Afoakwa,
2010).

Sugar bloom is a less frequent phenomenon. Often it is
also confused with fat bloom. The difference can be seen
under a microscope or, quite simply, when heating the
chocolate to 38 °C. While fat bloom disappears at such
temperature, sugar bloom remains visible. Sugar bloom
occurs when the temperature over the surface of the
chocolate product drops below the dew point (Copikova,
1999). The causes for it are two: (1) storing the product at
high humidity, or (2) rapid relocation of the product from
aroom with low temperature into one where temperature
is high (Afoakwa, 2010). As a result, the formation
of sugar bloom can be in particular avoided by proper
storing settings and by elimination of potential

condensation of water vapour on the surface of the product
(Rasper, 1963).

As regards the development of fat bloom, there are two
key groups of theories: a polymorphic transformation and
phase separation (McCarthy et al., 2003). The
polymorphic transformation theory is based on the
formation of fat bloom through the mechanism of
transformation of thermodynamically unstable BV crystals
of cocoa butter into polymorph modification VI (Beckett,
2008; Nobel et al., 2009). During the durability, Form V
is naturally transformed into a more stable Form VI, which
leads to the formation of fat bloom, i.e., aging occur. The
process is greatly influenced by storing temperature
(Afoakwa et al., 2009; Beckett, 2008).

The theory of phase separation leading to the formation
of fat bloom is based on triacylglycerols with different
melting points found in fats used in chocolate products.
Elevated temperatures may cause triacylglycerols with
lower melting points to be pushed toward the surface and
recrystallise (Bui and Coad, 2014). Particularly prone to
this phenomenon is filled chocolate confectionery, where
the filling contains a large amount of highly mobile
triacylglycerols (TAGs). Fats from the filling migrate
through the shell towards the surface, where they can
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cause uncontrolled crystallisation, thus forming fat bloom.
Other quality defects associated with the migration of fat
are shell softening, filling hardening, and the overall
sensory deterioration of the product (Svanberg et al.,
2011).

Fat blooming occurs namely due to improper storage
of chocolate. When optimally tempered products are stored
at high temperatures or exposed to direct sunlight, the
chocolate dissolves and during the recrystallisation, in the
absence of inoculation ensuring a direct formation of the
stable form V, the gradual transformation of an unstable
form into a stable form leads to fat bloom to develop
(Afoakwa, 2010).

Examples of fat that inhibits fat blooming include milk
fat. Partial replacement of cocoa butter with milk fat has
a beneficial effect on fat crystallisation in chocolate, the
fact that it increases the resistance to blooming and
significantly softens the texture by reducing the solid fat
content, thus slowing down the rate of crystallisation,
being the grounds for this (Sonwai and Rousseau, 2010).
Resistance of milk chocolate to fat bloom is however only
minor in the current production, as the level of milk fat and
its inhibitory effect is negligible due to the use of skimmed
milk powder (Bui and Coad, 2014).

The study aimed at evaluating changes in the quality
of chocolate products over the period of storing them
under four separate thermal regimens, thus assessing the
influence and advisability of the storing temperatures
for product storage.

MATERIAL AND METHODOLOGY

Materials
Seven products provided by Zora Olomouc were tested

for the influence ofstoring temperature and the

composition of chocolate mass of the product on the

formation of fat/sugar bloom. The selection involved the

following products:

- Kastany ledové - a dark chocolate with a filling
of cocoa and nuts (53%);

- Milena - a 50% milk chocolate with a 50% creamy
filling containing a rum flavour;

- Margot Artemis - a double-layer soy-stick with a

37.5% coconut flavour and a 37.5% punch flavour,
soaked in 25% milk chocolate;

- Orion Krémova oriskova - a milk chocolate with a
hazel-nut filling;

- BOCI fekete erdé - a dark chocolate with a cherry
filling;

- Black magic - Orange sensation - a soft, tangy orange
fondant draped in dark chocolate;

- Orion Pistacie - a milk chocolate with a 28%
pistachio-nut and 36% hazel-nut filling, containing
pieces of pistachio nuts (1.5%).

All the samples of chocolate products were produced
using a standard process with the use of conventional
chocolate mass tempering. Orion Pistdcie was produced in
two variants: (i) standard chocolate mass content (35%)
and (ii) higher chocolate mass proportion (45%).

After the products were taken to stock, entrance analysis
was carried out and a part of the samples deep frozen for
later use as standards as part of sensory analysis. The
remainder was split into controlled temperature regimens -
warehouses cooled to 6 °C and 12 °C and a laboratory
room with constant temperature of 20 °C and with the
thermostat set to 30 °C; then the samples were stored
under such  settings without any fluctuations
of temperature.

Sampling was carried out and evaluated five times. Each
sampling was accompanied by sensory evaluation,
determination = of  changes in  colour  using
spectrophotometer in the visible region of the spectrum
and hardness by texturometer. Before each analysing,
a period of 24 hours was maintained to equilibrate all the
samples to the lab ambient temperature.

Sensory evaluation

A sensory profile method was used for determining
sensory traits of the chocolate products. Measuring
perceptions for sub-descriptors used unstructured graphical
scales with verbal description of the end-points with
a length of 10 cm. To make mutual comparison possible as
part of the respective descriptor, samples of each product
from all the storing temperatures, including the standards,
were administered at once. All of the sensory evaluation

Table 1 Color differentation scale (Ttesnak, 1999).

AE*ap Description

0.0-0.2 Imperceptible
0.2-0.5 Minute

0.2-1.0 Perceptible

05-1.5 Slight

1.0-2.0 Recognizable
1.5-3.0 Clearly perceptible
2.0-4.0 Not yet discordant
3.0-6.0 Medium

4.0-8.0 Moderately discordant
Over 6.0 Prominent or moderately disturbing
12.0 Very prominent

16.0 Disturbing
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sessions were underway in a dedicated lab under standard
conditions, i.e. ISO 8586-1 (evaluators) and ISO 8589
(the premises) and the temperature of 20 °C.

The results of graphical scales were obtained
by measuring the distance of the mark from the right scale
end representing the lowest (0) product quality to the scale
start placed to the left that represents the best (10) quality,
and are graphically rendered in the form of radar charts
as an average rating of all evaluators (n = 8). The sensory
profiles of the products during the storing period clearly
show the differences between each of the storing
temperature regimens.

Colour measurement

Konica Minolta  Spectrophotometer CM  3500d
(KONICA, Japan) was used for determining the colour and
its changes during the storing period. The modes selected
for the colorimetric determination of colour in chocolate
products using reflectance (d/8) were one involving gloss
elimination (SCE - specular component excluded), D 65
(illumination mode: 6500 Kelvin) and 8 mm slot.
Spectrophotometer measurements of colour present a
welcome complement to sensory analysis. The CM-S100w
program enables expression of colour in a colour space
CIELAB (balls) according to the International
Commission on Illumination. The values of L* (lightness)
represent the range from "0" (black) to "100" (white). The
colour coordinates +a* to -a* (the axis from red to green),
and +b* to -b* (the axis from yellow to blue) take positive
or negative values depending on the location within the

PR A

three-dimensional system (TFesnak, 1999).

Hardness measuring

Texture measurements were performed using a universal
testing machine for the measurement of physical properties
— TIRAtest 27025 (Germany). The penetration test was
used for testing the chocolate products involving a probe
of a stick shape penetrating into the sample, so obtaining a
record of the force [FH] necessary to push the punch to the
selected depth. The diameter of cylindrical probe was
3 mm; penetration speed was 100 mm.min™!.

Statistical analysis of data

The acquired data were analysed using MS Excel.
Statistical analysis was carried out for all the sourced data
using STATISTICA (Edition 12) - ANOVA (analysis
of variance with interactions, testing on the significance
level of p = 0.05).

RESULTS AND DISCUSSION

Sensory evaluation

In sensory evaluation of chocolate, appearance and
texture of the product are of particular importance
(Neumann et al., 1990). Fat bloom on the surface of the
chocolate has a negative impact on the appearance and
overall acceptance of chocolate products (Bui and Coad,
2014).

The example of the sensory profile for Milena
specifically shows a distinct deterioration of all the
descriptors of the product when stored at 30 °C. The same
results were achieved for Margot Artemis. The samples
were sensorially unacceptable in terms of both appearance

and taste (Figure 1). There was overall hardening of the
product, the filling dried up and manifest in loose and
crumbly consistency. In Kastany, on the contrary, this
level of storage temperature resulted in considerable
reduction of hardness and a loss of plasticity of the filling
due to migration of fat components from the filling onto
the product surface. In chocolate products, the typical
deterioration associated with fat migration is manifest in
softening, fat bloom and unacceptable textural changes
within the product due to the liquid glycerides being
released from the filling onto the product surface (Timms,
1984; Ziegleder, 1997).

Sensory evaluation of samples of chocolate sticks stored
under the temperature regimens of both 6 °C and 12 °C
showed that these appeared to be the most favourable
settings for storage. Their quality almost copied the
evaluation of the standards. The exception, however, was
found for the Milena stick which was seen to develop
sugar crystals in its filling. The defect was probably caused
by the stiffening of incompletely dissolved sugar crystals
in the water phase of the filling due to the samples being
relocated into settings with a low temperature.

Storing temperature of 20 °C became improper
particularly for Margot Artemis and Kastany from the
aspect of fat bloom development. The most significant
blooming occurred on the surface of Margot Artemis,
where fat bloom began to develop as early as a month of
storing. Initially, the bloom formed along the sides of the
product and around the cracks on the surface. By the end
of the experiment, it had been present on as much as 50%
of the product surface. Fat bloom also appeared inside the
Kastany products, more specifically on the filling where it
accumulated mainly in the corners of the individual
squares. According to Adenier et al. (1993), fat bloom
initially accumulates at the edges of openings or along
cracks on the surface layer of the chocolate. Briones and
Aguilera (2005) report in their study that white spots
appeared on the chocolate surface after 33 days of storing,
probably due to the rapid migration of the liquid fat
through defects or pores in the surface layer. Visually, the
chocolate turned whitish almost throughout the surface at
the end of the storing period.

In samples of chocolate sticks stored under such
temperatures, deterioration generally occurred in more
sensory descriptors, which namely involved gloss, scent,
taste and overall acceptance. The results were also
confirmed by Bui and Coad (2014) who report that as the
percentage of fat bloom increases, all of the sensory
attributes diminish. Increased rate of bloom therefore
strongly correlates with a decrease in the visual appeal of
the product. Similar conclusions were reached by Ali et al.
(2001), who studied the effect of temperature (18 °C
and 30 °C) during the storing period of two months in
chocolates filled with dry coconut flesh. For samples
stored at 18 °C no blooming was found, while as regards
the second temperature regimen (30 °C) the onset of
blooming was observed as early as one week of storing.
The results of sensory evaluation also showed that the
colour, texture and overall acceptance of samples stored at
30 °C were significantly (p <0.05) lower compared with
control samples and those stored at 18 °C.
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Figure 1 Sensory profile for Milena (sampling 5).

Evaluating the fondants showed during the storing period
a significant influence of temperature regimes on changes
of their sensory quality. The sensory profile produced
(Figure 2) shows a considerable presence of sugar bloom
for the samples stored at 30 °C. Crystals of sugar were
present on both the cavity and the coating of the samples.
The filling had dried up and there was overall hardening of
the product due to water precipitated on the surface, which
was additionally confirmed through subsequent analysis of
texture.

Samples stored at temperatures up to 12 °C were found to
have lost gloss, thus the overall acceptance of the product
was impaired.

Conversely, the best results were reached in sensory
evaluation for Black magic - Orange sensation fondants
when stored at 20 °C. These samples were seen to have
undergone minimal changes when gloss and colour was
changed least of all the temperature regimens. The orange
flavour and scent also unfolded in a pleasant way. Room
temperature thus seems to be the most advisable way
of storing these products.

For the Krémovad oriskova chocolate bar, any greater
difference or deficiency as regards the evaluated
descriptors was not found between the storage regimens of
6 °C, 12 °C and 20 °C even week 18 of production date in
(Figure 3). Comparable results were also observed in the
reminder of chocolate bars.

The best resistance to changes even under high thermal
stress in the settings with a storage temperature of 30 °C as
found in the nut chocolate can be considered a positive
trait. For other chocolate bars, BOCI fekete erdo and Orion
Pistdcie, there was overall softening, loss of fine
consistency of the filling, deterioration of the look through
the material becoming pale due to fat bloom, the presence
of rancid off-taste, and naturally the final rating of the
sample acceptance being impaired. Nattress et al. (2004)
also reports that the storage period of dark chocolate

significantly affects bitterness, as well as the perception of
sweet, sour, metallic, burnt and rancid taste. It is also
a factor for hardness, viscosity and the onset of melting.

Research of Jinap et al. (2000) into fat bloom in
chocolates stored at 18 °C, 30 °C and 35 °C for 8 weeks
shows that no blooming was found during storage at
18 °C, while storing at 30 °C and 35 °C was seen to result
in the development of fat bloom after week 4 and week 1,
respectively.

Likewise, the results of the study by Bui and Coad
(2014) in monitoring the sensory quality of milk
chocolates during storage show that the quality of all the
products stored at 35 °C significantly reduced compared
with the 25 °C regimen. The quality was deteriorating
exponentially with time. The highest sensitivity to
deterioration was shown in the Appearance and Overall
Acceptance descriptors.

Colour measurement

Analytical measurement of colour is widely used in
studying surface changes of chocolate, which particularly
applies to turning pale caused by fat blooming to evolve
(Kumar et al., 2003).

Colour space CIE L*a*b* allows to identify, count, and
measure objective variances between the different colours
with relative ease. This difference, consisting of deviations
AL*, Aa*, Ab*, is best expressed by term AE*, which is a
square root of the sum of the individual deviations
squared. A scale indicating the degree of disagreement
between two colours was devised to facilitate the
communication (Table 1).

Table 2a makes it evident that during the period
of storing the Kastany and Margot Artemis chocolate
sticks there was a change in colour compared with control
(K0). While the samples turned darker under the
temperature regimens of 6 °C, 12 °C and 20 °C, the 30 °C
mode caused them to turn paler to a significant extent.
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Figure 2 Sensory profile for Black magic - Orange sensation (sampling 5)
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Figure 3 Sensory profile for Krémova oriskova (sampling 5)

The chocolate stick of Milena and the Black magic
fondants were observed to significantly change colour
under all of the storage regimens (Table 2b). In the event
of Milena, similarly to the other sticks stored at
temperatures of up to 20 °C, there was darkening of the
samples, while they turned pale at 30 °C. Unlike control,
Black magic fondants exhibited very visible lightening of
the chocolate surface under all the storing regimens, which
was probably caused by the development of sugar bloom.

Differences in colour as per temperature regimen were
statistically significant (p = 0.007) even in chocolate bars.
It results from Table 2c¢ that BOCI fekete erdé samples
were found to undergo the greatest extent of darkening

when stored at 12 °C. In all the cases, the storage regimen
of 30 °C was significantly manifest in a negative increase
in the product lightness. A similar trend was observed for
pistachio chocolate. The best results were those achieved
for Krémova oriskova Cokolada, a product which did not
exhibit visible changes in colour during storage except the
temperature regimen of 30 °C. The measurements confirm
the results arising from sensory analysis.

Highly significant differences (p = 0.001) were found for
all the values (L*, a* and b*). The b* values are
characteristic of the coordinate on the axis from blue to
yellow. The shift of values to yellow within the
measurement characterises the development of fat bloom.
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Table 2a Differences in colour of chocolate products.

Kastany Margot Artemis
Temperature KO 6 12 20 30 KO 6 12 20 30
[°C]
L* 29.48 28.41 28.56 28.61 31.62 36.03 34.45 34.60 34.86 40.53
a* 8.28 7.70 7.65 7.70 9.43 10.53 10.56 10.62 10.27 10.71
b* 8.17 7.13 7.08 7.16 10.39 13.06 12.44 12.55 12.21 15.18
AE*ap 0 1.60 1.55 1.45 3.29 0 1.70 1.52 1.48 4.98
Table 2b Differences in colour of chocolate products.
Milena Black magic
Temperature KO 6 12 20 30 KO 6 12 20 30
[°C]
L* 38.87 36.31 36.38 36.90 40.87 29.97 34.06 33.26 33.71 34.14
a* 10.13 10.17 10.07 9.96 10.21 8.23 8.16 8.18 8.10 8.15
b* 14.27 13.36 13.24 13.37 15.77 8.46 10.35 10.42 10.37 10.16
AE*ap 0 2.72 2.69 2.17 2.51 0 4.51 3.83 4.21 4.51
Table 2¢ Differences in colour of chocolate products.
BOCI fekete erdi Krémova oiiskova
Temperature KO 6 12 20 30 KO 6 12 20 30
[°C]
L* 27.95 26.10 24.94 25.02 25.45 37.82 37.62 37.25 37.55 40.12
a* 6.70 6.68 6.63 6.70 7.97 10.65 10.63 10.55 10.49 10.18
b* 6.40 6.30 6.27 6.39 8.81 14.87 14.47 14.21 14.27 15.71
AE*ap 0 1.86 3.02 2.93 3.70 0 0.45 0.88 0.68 2.49

Fat bloom induced by exposing the product to high
temperatures causes chocolate to gradually change its
colour change, lose gloss and appear greyish on the surface
(Briones and Aguilera, 2005).

Changes in colour were noted between the experimental
and control samples during storage at 30 °C even by Bui
and Coad (2014) establishing that the storage period
mostly influenced the L* value. For a* value no change
was proved, thus no shift of values from red to green
occurred. A positive change was observed for value b* in
the yellow colour intensity, which made the products to
become paler over time.

The same conclusion was reached in their study
by Mexis et al. (2010) who report that significant changes
in colour were observed as a result of fat bloom. If having
a fat bloom cover, the chocolate product tends to disperse
more light, so appearing to be paler and less rich-coloured
(Afoakwa et al., 2008). Hartel (1999) reports that the

whitish haze in chocolate blooming is caused by light
dispersion of fat crystals.

Hardness measuring

For consumers, appearance and hardness are the key
attributes when choosing and deciding on the acceptability
of chocolate, while taste is considered to be important
when identifying the product. The final hardness of
chocolate is influenced by several factors including
formulas, production techniques, tempering,
polymorphism (fat crystal stability) and the cooling
temperature. Hardness of chocolate is a good indicator of
proper temperature control and stability of the fat crystal
network being formed (Afoakwa, 2010).

Differences between the storage temperature regimens
were statistically significant (»p = 0.001) for all the
analysed products. Storing temperature thus significantly
influences hardness of each product.
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Figure 5 The effect of chocolate mass and storing temperature on product hardness.
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The chart (Figure 4) makes it obvious that the highest level
of hardness was found for BOCI fekete erdé when stored at
6 °C. This product also reflected the most the negative
effect of temperature when stored at 30 °C with the
samples reducing hardness by more than 10 N. We can
assume that this case reflected the influence of the liquid
filling on the overall texture of the product. Similar results
were obtained for Kastany which was probably due to
a significantly different composition of the fat used in the
filling where the rather high proportion of unsaturated fatty
acids causes the mass melting point to decrease and the fat
to migrate to the surface of the product, hence the
subsequent softening.

In filled chocolate products where the filling contains
lipids with low melting points, such lipids tend to migrate
to the surface of the product over time, which with the
highest probability initially involves lipids with the lowest
melting point and the best fluidity. Such migration may
cause the chocolate to become sticky and soft, while the
filling becomes stiffer; the migration has even an impact
on the structure of the surface (Ali et al., 2001; Ziegleder,
1997). The results of Mexis et al. (2010) show as well that
changes in texture accompanied by a change in colour
caused by lightening through fat blooming were leading to
the entire chocolate product becoming softened. All these
attributes reduce the acceptability of the product for
consumers. Fat migration can largely occur already at
room temperature (17 °C — 23 °C) and accelerate as the
temperature increases. Migration is reduced as the solid
fraction of lipids increases (Wootton et al., 1970;
Wacquez, 1975).

For fondant products, storing temperatures of 30 °C
caused them to substantially increase in hardness
compared with all other products. It is due to the fact that
the filling is drying out and thereby hardening due to the
composition of the filling.

The highest stability of texture was seen in the Krémovad
oriskovad chocolate bar that retained its textural properties
to the best extent even after 18 weeks of production under
any storage regimen. It also proved the best resistance to
extreme storage conditions at 30 °C. In Milena and Margot
Artemis, texture was not very significantly influenced by
storage temperature with differences being only units
of Newtons.

Since storing temperatures of 6, 12 and 20 °C did not
considerably affect hardness of each product, no distinct
changes in hardness occurred under such temperature
regimens. The study of Ali et al. (2001) also makes it
possible to state that migration of fats with lower melting
points was very slow for storage under 18 °C and the
changes were minimal as regards chemical composition,
hardness, gloss and polymorphic stability.

The experiment included the effect of the formula on the
quality and shelf life of chocolate products being
evaluated. Evaluating hardness for Orion Pistacie
(Figure 5) makes it evident that the variants produced with
use of a higher proportion of chocolate mass (45%)
achieve higher hardness during storage. While softening is
almost impossible to notice for the temperature regimens
of up to 20 °C, for 30 °C it is significantly more intense.

CONCLUSION

The results of sensory evaluation of selected products
shows that the highest quality for the majority
of descriptors was achieved by products stored
at temperatures of 6 °C and 12 °C. The properties of these,
both visual and gustatory, were comparable with those
of standards and achieving similarly high scores.
As regards samples stored under the temperature regimen
of 20 °C, the products started to show visible differences,
caused primarily by the formation of fat bloom while
storing at 30 °C proved to be extremely unsuitable for all
the tested products.

From the aspect of analytical measurements of colour and
hardness of each product, storing at temperatures of 20 °C
can be termed appropriate. In all the analyses, the effect of
the temperature regimen of 30 °C was significantly
negative due to defects caused by blooms on the chocolate,
meaning that such temperatures are not advisable for
storing chocolate products, even over a short term.

When evaluating the effect of the composition
of chocolate mass for the Orion Pistacie products, the
higher proportion of chocolate mass was reflected mainly
in the hardness. Unlike the standard production, products
with the formula containing 45% chocolate mass featured
a significant, 35% increase in hardness under all storage
regimens.

The best results were achieved by Krémovad oriskova in
all the analysing operations, a product that was not found
to have any significant shortcomings even after 18 weeks
of storage. This product also received good rating even for
the storage regimen with a high thermal stress.
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OXIDATIVE STABILITY OF CHICKEN MEAT AFTER PROPOLIS EXTRACT
APPLICATION IN THEIR DIETS

Marek Bobko, Miroslav Krocko, Peter Ha$cik, Alica Bobkova

ABSTRACT

In the experiment, the effect of the addition of propolis extract in a feed mixture for chicken broilers Hubbard JV on
oxidative stability of breast and thigh muscles during refrigerated storage was investigated. In the experiment were included
90 pieces of one day-old chicks, which were divided into 3 groups (control, E1 and E2). Chickens were fed by ad libitum
system until the age of 42 days. These feed mixtures were made without antibiotics preparation and coccidiostats. Propolis
extract in an amount of 150 mg.kg™! (E1) and 450 mg.kg' (E2) was added into feed mixtures for experimental groups.
During whole period of refrigerated storage were higher values of MDA determined in control group compare to
experimental groups. The higher average MDA value determined in breast muscels of broiler chicken hybrid combination
Hubbard JV was in samples of control group (0.157 mg.kg™") compared to experimental groups E1 (0.140 mg.kg™") and E2
(0.130 mg.kg™") after 6-month of refrigerated storage. Significantly higher values of MDA were determined in control group
compare to second experimental group from fourth month to the end of storage. The significantly lower value of MDA was
determinated in first experimental group compare to control only at 6 month of storage. Trend of thigh muscle oxidation
stability of chicken hybrid combination Hubbard JV was during 6 months of refrigerated storage similar than in breast
muscle. The higher average MDA value determined in thigh muscels was in samples of control group (0.170 mg.kg™)
compared to experimental groups E1 (0.150 mgkg') and E2 (0.139 mg.kg"') after 6-month of refrigerated storage.
Significantly higher values of MDA were determined in control group compare to second experimental group from fourth
month to the end of storage. Higher amount of MDA in thigh muscle compare to breast muscle is due to by higher amount
of fat occurred in thigh muscle.

Keywords: oxidative stability; meat; broiler chicken; propolis.

INTRODUCTION

Lipids play important role in technological, nutritional
and sensory function of food. However they are liable to
undergo autooxidation that leads to the formation of
a number of undesirable compounds. In an effort to retard
this process, various antioxidants are employed. The
application of synthetic antioxidants has recently been
restricted because there is suspiction that they are
carcinogenic. For this reason a growing interest has been
paid to the research of natural antioxidants, among which
spices occupy an important position (Pokorny et al.,
2001).

Lipid oxidation is amajor cause of meat quality
deterioration. Lipid oxidation is an important determinant
of shelf life of meat and meat products. Antioxidants are
natural or synthetics substances used to prevent lipid
oxidation. Meat protection, primarily against lipid
components, is possible by addition of antioxidants to feed
mixes. This is the way to ensure oxidative stability of meat
fats during the postslaughter proccessing of carcasses and
storage of meat (Marcin¢ak et al., 2005). Many
researchers have indicated that lipid oxidation in meat and
meat products can by controlled or minimized, by the

addition of commercial synthetic or natural antioxidants
(Gray et al., 1996; Kazimierczak et al., 2008; Hasc¢ik et
al., 2012; Elimam et al., 2013; Krocko et al., 2014).

The post mortem oxidation of lipids decreases the
nutritional value and the sensory quality of meat. It has
been shown, in chickens, that dietary fat sources have
major impact on the composition and the melting point of
fat in tissues (Hrdinka et al., 1996).

Propolis is a resinous, rubbery and balsamic substance
collected by honey bees from the buds of flowers, trees
and other plant sources. Propolis contains resins, aromatic
and ethereal oils, flavonoid pigment, vanillin, isovanilin,
caffeic, benzoic and ascorbic acids as well as benzyl
alcohol and cinnamic acid (Harman 1983; Greenaway et
al., 1990; Said et al., 2006). These components possess
antimicrobial, antifungal and antioxidant properties
(Ashour, 1989; Hegazi, El-Hady, 2002; Lu et al., 2005;
Trusheva et al, 2005). The composition of propolis
depends on the vegetation at the site of collection; more
than 180 compounds, mainly polyphenols, have been
identified as constituens of propolis; the major
polyphenols are flavonoids, accompanied by phenolic acid
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and esters, phenolic aldehydes, ketones and others
(Castaldo and Capasso, 2002).

Certainly, it is possible to state, that plant extract,
propolis and the other natural supplements are considered
as an alternative to the antibiotic and they have wide range
of possible uses; consequently, influence of these products
on human and animal health is curently evaluted and
determined with regard to growth of organic farming
(Tekeli et al., 2011). For this reason, the present study was
aimed to investigate the effect of propolis extract Slovak
multifloral addition to feed mixtures for oxidative stability
of meat in the process of installation of Hubbard JV
chickens.

MATERIAL AND METHODOLOGY

The experiment was realized at the test station of poultry
(Slovak Agricultural University in Nitra). The experiment
enrolled 90 one day old chicks of hybrid combination
Hubbard JV and was formed into 3 groups: control group
(C) and two experimental groups (E1, E2) of 30 pcs
chickens in each group. Custom feeding insisted 42 days.
Chickens were fed to 21" day of age an ad libitum with the
same starter feed mixture HYD-01 (powdery form) and

Table 1 Composition of the diets.

from 22" to 42" day of age fed with the growth feed
mixture HYD-02 (powdery form). The feed mixture
HYD-01 and HYD-02 have been produced without
antibiotic preparations and coccidiostats. Nutritional value
of feed mixtures (Table 1) given during the experiment
was the same in each group, but to the experimental
groups were added propolis extracts at a dose of 150 (E1)
and 450 mg.kg! (E2). Propolis extract was prepared from
minced propolis (Krell, 1996). Weighed 150 g propolis
was the volume of 80% ethanol, 500 cm?.

Extraction was carried out in a water bath at 80 °C under
reflux for 60 minutes. After cooling was extract
centrifuged. The supernatant was evaporated on a rotary
vacuum evaporator at a water bath at temperature of
40 — 50 °C and then weighed. Residue in an amount of 15
and 45 g was dissolved in 1000 cm® of ethanol
concentration of 80% and applied to 100 kg of the feed
mixture.

At the end of feeding (day 42™) from each group were
selected 10 pieces of chicken for slaughter analysis. To
determine changes in lipid degradation (determination of
thiobarbiturates numbers, TBA) the samples of chickens
were boned and thigh and breast muscle packed into
polyethylene bags and stored for 6 months at -18 °C.

Ingredients (%) Starter Grower
(1 to 21 days of age) (22 to 42 days of age)

Wheat 34.00 37.00
Maize 33.94 37.57
Soybean meal 23.00 18.00
Fish meal (71% N) 5.00 3.00
Dried blood - 1.00
Ground limestone 1.00 0.95
Monocalcium phosphate 0.80 0.70
Fodder salt 0.10 0.10
Sodium bicarbonate 0.15 0.20
Lysin 0.13 0.08
Methionin 0.18 0.20
Palm kernel oil Bergafat 1.20 0.70
Premix Euromix BR 0.5%' 0.50 0.50
Analysed composition (g.kg™!)

Crude protein 212.40 191.61
Fibre 30.51 29.68
Ash 27.01 20.91
Ca 8.23 7.18
P 6.56 5.87
Mg 1.41 1.36
Linoleic acid 13.53 14.06
ME~x (MJ.kg™) 12.07 12.16

lactive substances per kilogram of premix: vitamin A 2 500 000 IU; vitamin E 50 000 mg; vitamin D3 800 000 IU; niacin
12 000 mg; d-pantothenic acid 3 000 mg; riboflavin 1 800 mg; pyridoxine 1 200 mg; thiamine 600 mg; menadione 800 mg; ascorbic
acid 50 000 mg; folic acid 400 mg; biotin 40 mg; vitamin B12 10.0 mg; choline 100 000 mg; betaine 50 000 mg; Mn 20 000 mg;
Zn 16 000 mg; Fe 14 000 mg; Cu 2 400 mg; Co 80 mg; I 200 mg; Se 50 mg
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TBA value expressed in number of malondialdehyde
were measured in the process of first storage day of 1%, 2",
31, 4t 5% and 6 months. TBA number was determined
by Marcinc¢ak et al. (2004). Absorbance of samples was
measured on UV-VIS spectrophotometer T80 (PG Limeted
Instruments, UK) at a wavelength of 532 nm, the
translation results on the amount of malondialdehyde
(MDA) in 1 kg samples.

Results of the experiment was evaluated with statistical
program Statgraphics Plus version 5.1 (AV Trading Umex,
Dresden, Germany), were calculated variation-statistical
values (mean, standard deviation) and to determine the
significant difference between groups was used variance
analyze with subsequent Scheffe test.

RESULTS AND DISCUSSION

The results of the oxidation stability determined in breast
and thigh muscle of chickens Hubbard JV during 6 months
storage at -18 °C are shown in Table 2. Our results are in
accordance with Marcin¢ak et al. (2010) who, after
slaughtering and processing of poultry samples also
recorded low values of MDA. During refrigerated storage
of the breast and thigh muscles (6 months) were detected
increased content of MDA in comparison to the first day of
storage. During whole period of refrigerated storage were
higher values of MDA determined in control group
compare to experimental groups. The higher average MDA
value determined in breast muscels of broiler chicken
hybrid combination Hubbard JV was in samples of control
group (0.157 mgkg') compared to experimental groups
E1 (0.140 mg.kg") and E2 (0.130 mg.kg!) after 6-month
of refrigerated storage. Significantly higher values of
MDA were determined in control group compare to second

experimental group from fourth month to the end of
storage. The significantly lower value of MDA was
determinated in first experimental group compare to
control only at 6 month of storage.

Trend of thigh muscle oxidation stability of chicken
hybrid combination Hubbard JV was during 6 months of
refrigerated storage similar than in breast muscle. The
higher average MDA value determined in thigh muscels
was in samples of control group (0.170 mg.kg!) compared
to experimental groups E1 (0.150 mgkg!) and E2
(0.139 mg.kg!) after 6-month of refrigerated storage.
Significantly higher values of MDA were determined in
control group compare to second experimental group from
fourth month to the end of storage. Higher amount of
MDA in thigh muscle compare to breast muscle is due to
by higher amount of fat occurred in thigh muscle
Botsoglou et al. (2002).

Reached results of oxidation stability determined in
chicken meat of hybrid combination Hubbard JV after
propolis extract addition in their diet are in accordance
with Young et al. (2003), Onibi and Osho (2007), Imik
et al. (2010) and Rahimi et al. (2011). The possibilities of
using alternative feed supplements containing various
antioxidant active substances for poultry which increase
the oxidation stability of the meat during its period of
freeze storage are showen in works of Alcicek et al.
(2003), Sperﬁékové et al. (2007), Mikulski et al. (2009),
Ahadi et al. (2010), Marcinéak et al. (2010), Skfivan et
al. (2010), Karaalp and Genc (2013).

Also Samouru et al. (2007) and Ramos Avila et al.
(2013) state that the degradation pathways of fatty
substances play one of the main causes of foods
deterioration and unpleasant odors. This factor is also

Table 2 Effect of storage in freeze (-18 °C) on the concentration of malondialdehyde (mg.kg™!) in breast and thigh muscle

Group
E1l E2

Breast muscle

0.096 £0.011°
0.117 £0.013?
0.120 £0.017°
0.126 £0.015*
0.130 £0.020%
0.133 £0.016*
0.140 £0.011°

Thigh muscle

0.099 +£0.014*
0.111 £0.005*
0.111 +0.014*
0.121 +£0.016*
0.119 +£0.010°
0.126 £0.015"
0.130 +0.015°

(mean £SD).
Time of
Storage Control
Day-1 0.106 £0.0142
Month -1 0.123 £0.0122
Month - 2 0.130 +0.0132
Month - 3 0.139 +£0.020?
Month - 4 0.145 +0.007?
Month - 5 0.150 +£0.0072
Month - 6 0.157 £0.0042
Day -1 0.128 £0.015°2
Month - 1 0.136 +0.070?
Month -2 0.144 +0.0152
Month -3 0.150 +£0.011%
Month - 4 0.157 £0.008?
Month - 5 0.163 +0.0112
Month - 6 0.170+0.0182

0.112 +£0.018*
0.125+0.018*
0.135 +0.006*
0.139 +0.023*
0.142 £0.014%
0.146 £0.010%°
0.150 £0.0142°

0.109 +£0.015*
0.120 +£0.013*
0.127 £0.016*
0.128 £0.015*
0.134+0.011°
0.135+0.014°
0.139+0.013"
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responsible for the loss of flavor, texture, appearance,
nutritional value of food, increases the drop losses,
pigment, polyunsaturated fatty acids, fat-soluble vitamins,
reduces the quality of meat intended for human
consumption and ultimately reduces its stability, shelf life
and safety.

Botsoglou et al. (2007) reported that a higher
concentration of antioxidants in poultry meat has the effect
of reducing lipid oxidation, ie. there is a reduction in MDA
values during chilling and refrigeration storage, which was
confirmed by our findings.

CONCLUSION

Results achieved in the experiment show that the addition
of propolis extract in feed mixture for broiler chickens had
a significantly (p <0.05) positive impact on the reduction
of oxidative processes in the breast and thigh muscles
during refrigerated storage.
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THE CHEMICAL COMPOSITION OF GRAPE FIBRE

Jolana Karovicéova, Zlatica Kohajdova, Lucia Minarovicovd, Veronika Kuchtova

ABSTRACT

Dietary fibres from cereals are much more used than dietary fibres from fruits; however, dietary fibres from fruits have
better quality. In recent years, for economic and environmental reasons, there has been a growing pressure to recover and
exploit food wastes. Grape fibre is used to fortify baked goods, because the fibre can lower blood sugar, cut cholesterol and
may even prevent colon cancer. Grape pomace is a functional ingredient in bakery goods to increase total phenolic content
and dietary fibre in nourishment. The aim of this study was to determine the chemical composition of commercial fibres,
obtained from different Grape sources concerning their chemical properties such as moisture, ash, fat, protein, total dietary
fibre. The chemical composition of Grape fibre is known to vary depending on the Grape cultivar, growth climates, and
processing conditions. The obliged characteristics of the fibre product are: total dietary fibre content above 50%, moisture
lower than 9%, low content of lipids, a low energy value and neutral flavour and taste. Grape pomace represents a rich
source of various high-value products such as ethanol, tartrates and malates, citric acid, Grape seed oil, hydrocolloids and
dietary fibre. Used commercial Grape fibres have as a main characteristic, the high content of total dietary fibre. Amount of
total dietary fibre depends on the variety of Grapes. Total dietary fibre content (TDF) in our samples of Grape fibre varied
from 56.8% to 83.6%. There were also determined low contents of moisture (below 9%). In the samples of Grape fibre were
determined higher amount of protein (8.6 — 10.8%), mineral (1.3 — 3.8%) and fat (2.8 — 8.6%). This fact opens the
possibility of using both initial by-products as ingredients in the food industry, due to the effects associated with the high

total dietary fibre content.

Keywords: Grape fibre; dietary fibre; chemical composition; total dietary fibre; Grape pomace

INTRODUCTION

Consumers prefer ready to eat foods and a diet that is low
in calories, low in cholesterol, and low in fat or in other
words “healthy foods”. In accordance with this trend,
consumers also want to eat foods with higher fibre content
(Ayadi, et al., 2009). Epidemiological studies suggest that
fibre consumption helps to reduce obesity, some kinds of
cancer, cardiovascular diseases, and gastrointestinal
diseases (Gomez et al., 2009).

Dietary fibre (DF) is a group of food components, which
are resistant to hydrolysis by human digestive enzymes.
Dietary fibre consists of polysaccharides, oligosaccharides
and lignin (Samappito and Trachoo, 2011).

Fibre is often classified as soluble dietary fibre (SDF)
and insoluble dietary fibre (IDF). Because solubility refers
simply to fibres that are dispersible in water, the term is
somewhat inaccurate (Figuerola et al, 2005). The
physiological effects of total dietary fibre (TDF), in the
forms of insoluble and soluble fractions of foods, have a
significant role in human nutrition (Ramulu and
Udayasekhararao 2003). Among good sources of fibre
cereal grains, legumes, fruits, vegetables, nuts and seeds
are of importance (Lopez et. al.,, 2011). Dietary fibres
from cereals are more frequently used than those from
fruits; however, fruit fibres have better quality (Figuerola
et al., 2005). In recent decades, for economic as well as
environmental reasons, there has been a continuous and

growing pressure to recover and exploit food wastes
(Garau et al., 2007).

However, a large number of recent studies have
suggested that fruit and vegetable by-products obtained
from the processing of apples, citrus fruits, mangoes,
potatoes, carrots, asparagus, and brassica vegetables
among others, could be used as potential sources of DF
(Centento et. al., 2010).

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., 2011). Dietary fibre can also impart some
functional properties to foods, e.g., increase water holding
capacity, oil holding capacity, emulsification and/or gel
formation. That dietary fibre incorporated into food
products (bakery products, dairy, jams, meats, soups) can
modify textural properties, avoid synaeresis (the separation
of liquid from a gel caused by contraction), stabilise high
fat food and emulsions, and improve shelf-life. Fibre in
foods can change their consistency, texture, rheological
behavior and sensory characteristic of the end products,
the emergence of novel sources of fibres, have been
offering new opportunities in their use in food industry
(Elleuch et al., 2011; Guillon and Champ 2000).
Nowadays, there is a growing interest in the exploitation of
the residues generated by the wine industry. Grape (Vitis
sp., Vitaceae) is one of the world’s largest fruit crops, with
an approximate annual production of 58 million metric
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tons. The Grape belongs to the berry family as it is found
attached to the stem. Grapes can be eaten raw or they can
be used for making wine, jam, juice, jelly, Grape seed
extract, raisins, vinegar, and Grape seed oil (Zhu et. al.,
2014).

The residues of Grape are composed of water, proteins,
lipids, carbohydrates, vitamins, minerals, and compounds
with important biological properties such as phenolic
compounds (tannins, phenolic acids, anthocyanins, and
resveratrol), depending on the type of waste, the cultivar
and climatic and cultivation conditions (Sousa, et. al.,
2014). About 80% of the total crop is used in wine making
(Llobera and Caiiellas, 2007; Schieber et al., 2001).

Grape pomace represents a rich source of various
high-value products such as ethanol, tartrates and malates,
citric acid, Grape seed oil, hydrocolloids and dietary fibre.
Grape pomace consists mainly of peels (skins), seeds and
stems and accounts for about 20 — 25% of the weight of
the Grape crushed for wine production (Arvanitoyannis et
al., 2006; Yu and Ahmedna, 2013).

Grape pomace is a rich source of polyphenols. These
include catechins, namely monomeric and oligomeric
flavan-3-ols  (proanthocyanidins) and  glycosylated
flavonols. Catechins, together with other polyphenols, are
potent  free  radical-scavengers.  Thus,  different
epidemiological studies have demonstrated the association
between a diet rich in polyphenols and the decrease in the
risk of suffering cardiovascular diseases and certain types
of cancer (Llobera and Caiiellas, 2007).

This study is aimed to characterize commercial Grape
fibres in terms of their chemical properties (moisture, ash,
fat, protein, total dietary fibre) and feasibility of using in
food industries improving the nutritional value of food
products.

MATERIAL AND METHODOLOGY

Wheat flour was obtained from the K. K. V. — UNION,
Ltd., Slovak Mills Company. Various kinds of commercial
Grape fibres were purchased from market in Slovakia and
their country of origin is Germany (A), Hungary (B) and
Austria (C).

Chemical analysis: Moisture and ash content were

determined according to AOAC methods (1984) and
Sowbhagya et al. (2007).

Lipids were determined gravimetrically by extraction
with diethyl ether using a Soxhlet apparatus. Nitrogen
content was estimated by Kjeldhal method and was
converted to protein using a factor 6.25 (AACC methods,
2000; Ayadi et al.,, 2009). Total dietary fibre (TDF)
content of the Grape fibre was determined with using of
the Megazyme International total DF assay (adopted from
AACC method 32-05 and AOAC method 985.29)
(Sun-Waterhouse et al., 2010).

The measurement of pH was determined according to
Kohajdova and  Karovicova (2007). Caloric
carbohydrates were determined by difference from the
total dietary fibre, lipids, protein and ash contents (Chau
and Huang, 2003). The total energy was calculated based
on the energy nutrient results obtained using the
conversion factors of Atwater, as described by Sousa, et
al., (2014) considering 4 kcal/g for carbohydrate, 4 kcal/g
for protein, and 9 kcal/g for lipids.

RESULTS AND DISCUSSION

The chemical composition of Grape fibre is known to
vary depending on the Grape cultivar, growth climates,
and processing conditions (Deng et al., 2011). The main
characteristics of the commercialized fibre product are:
total dietary fibre content above 50%, moisture lower than
9%, low content of lipids, a low caloric value and neutral
flavour and taste (Larrauri, 1999). The chemical
composition of Grape pomace major constituents peels and
seeds, has been reported by authors, with as dietary fibre
(DF) contents (Bravo and Saura-Calixto, 1998; Valiente
et al., 1995; Yu and Ahmedna, 2013; Centento et. al.,
2010; Deng et al., 2011).

The results of chemical composition of various kinds of
commercial Grape fibres and fine wheat flour used in the
study are presented in the Table 1. The commercial Grape
fibre had low moisture content. Moisture content was
below 9.0% pointed out by Larrauri (1999) as the upper
limit for their handling and conservation. Grape fibres are
not considered as an important protein source, although
Grape fibre contains 9 — 13% proteins.

Table 1 Chemical composition of various kinds of commercial Grape fibres and fine wheat flour

Fine wheat flour

Grape dietary fibre A  Grape dietary fibre B Grape dietary fibre C

Moisture (%) 11.4+£0.01 7.7 +£0.04 6.1 £0.05 8.6 +0.38
Ash (%) 0.6 £0.00 1.3 £0.04 2.94+0.01 3.8 £0.04
Protein (%) 10.5£0.15 8.6 +0.17 10.4 £0.07 9.9 +0.00
Fat (%) 1.1 £0.02 2.8 +0.13 5.1 +£0.03 8.6 +£0.00
pH 6.3 £0.00 3.7 £0.00 3.9+0.01 3.8 £0.00
TDF (%) 2.3 £0.04 83.6 +0.67 73.2+£0.27 56.9 £0.08
Carbohydrate (%) 348.8 15.9 7.1 49.1
Energy value 3106.8 3148.6 4048.8 8135.3
kJ/kg
TDF — Total dietary fiber
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The total protein content and the amino acid composition
of Grape fibre protein may vary significantly depending on
the variety of Grape, location and fertilization conditions
(Sousa, et. al., 2014).

Protein content was also high, up to 10.5% and similar to
the values reported for red Grape pomace (9%)
(Rodriguez et al., 2012), white deseeded Grape pomace
(11%) (Valiente et al., 1995). Higher protein values were
found in the Grape skins and seeds (12%) (Bravo and
Saura-Calixto, 1998). Ash content are lower (1.3 — 3.8%)
than other values described for similar by-products
obtained from white and red Grapes (5.7 — 9.2%) (Bravo
and Saura-Calixto, 1998; Valiente et al., 1995). Similar
values were found in the fresh red and white varieties
(pomace and stems) (0.9 — 3.0%) (Gonzalez-Centeno et
al., 2010). Amount of total dietary fibre also depends on
the variety of Grapes. The commercial Grape fibre B was
characterized by a TDF content of 73.2%, similar contents
were described with (Pérez-Jimeénez et al., 2008) in the
red Grape skin (73.5%) and (Llobera and Cariellas 2007)
in the red Grape pomace (74.5%). Similar content total
dietary fibre for sample Grape fibre C were found for red
Grape skins (54%), white Grape skins (59%), white Grape
seeds (56%) (Bravo and Saura-Calixto, 1998) and white
deseeded Grape pomace (62%) (Valiente et al., 1995).
Total dietary fibre for commercial Grape fibre A was
83.6%, this value is larger than the value determined by
(Llobera and Caiiellas, 2007) in the red Grape stem
(77.2%). No previous studies on Grape fibre have been
found in the literature to allow us to compare the high
value of 83.6 of TDF obtained in our commercial Grape
fibre A.

The fat content of Grape fibre depending on the variety
and maturity of Grapes (Llobera and Caiiellas, 2007). Fat
content of the Grapes fibre were between 5.1% in Grape
fibre B and 8.6% in Grape fibre C. These values are in
agreement with Pérez-Jiménez et.al., (2008) (7.7%), in
Grape skins (6.9 — 7.8%) (Bravo and Saura-Calixto,
1998), commercial Grape fibre (6.9%) (Saura-Calixto,
1998). The lipids of the Grapes are mainly concentrated in
its seeds and consist of about 90% monounsaturated fatty
acids, known for their beneficial properties, particularly to
the cardiovascular system (Rockenbach et al., 2011). The
pH values of the Grapes fibre were (3.7 — 3.9), which led
to greater stability hampering the development
microorganisms because fungi generally prefer acidic pH
(4.5 — 5.0) and bacteria prefer near neutral pH (6.5 -7.0)
(Sousa, et. al., 2014).

According to Larrauri (1999), an adequate fibre
concentrate should have an energy value below than
8370 kJ/kg limit which is met by in all of various kinds of
commercial Grape fibres studied.

CONCLUSION

The results obtained in this study suggest the possibility
of using the most important by-products related to the
winemaking process (Grape pomaces and stems) as
potential sources of DF of good quality.

(2.8 — 8.6%). This fact opens the possibility of using both
initial by products as ingredients in the food industry, due
to the effects associated with the high TDF content.

Owing to the large quantity generated from worldwide
wine and Grape juice production every year. Grape fibre
has potential to serve as an important source of dietary
fibre for functional food development. Dietary fibre and
bioactive compounds are widely used as functional
ingredients in processed foods. The market in this field is
competitive and the development of new types of quality
ingredients is a challenge for the food industry. In this
regard, it is interesting to consider not only the nutritional
quality of the ingredient, but also its distribution, cost and
other additional benefits, since the use of these ingredients
would give added value to the production of these
materials.
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THE INFLUENCE OF LACTOBACILLUS PARACASE/LPC-37 ON SELECTED
PROPERTIES OF FERMENTED SAUSAGES

Marcel Mati, Michal Magala, Jolana Karovicova, Ladislav Staruch

ABSTRACT

Fermented sausages rank among non-heat-treated meat products. Their nutritional properties are similar to the raw material,
simultaneously their microbial safety and stability is ensured using additives and specific microbial cultures. The use of
probiotic cultures can positively affect the processing of fermented sausages, resulting in the new technological properties
and beneficial effect on human health. However, commercial application of probiotic microorganisms in fermented
sausages is not common yet. Lactobacillus paracasei LPC-37 is a gram-positive, non-spore forming, homofermentative rod,
which according to studies may modulate immune responses in human organism and survives the passage through the
gastrointestinal tract. The main object of this work was to evaluate technological properties of L. paracasei LPC-37, which
have not been fully examined. Two groups of fermented sausages were analysed in this work. The first group of fermented
sausages was prepared using lyophilized starter culture (Lyocarni RHM-33). The second group of fermented sausages was
prepared by the combination of lyophilized starter culture and potential probiotic culture Lactobacillus paracasei LPC-37.
The processing and ripening of sausages were carried out in meat processing plant to simulate real conditions of production.
The changes of the products (water activity, pH, concentration of organic acids and microbial growth) were evaluated
during ripening (3 weeks), while sensory analysis was carried out in the final stage of the process and during storage
(3 weeks). It was found that the environment of raw-fermented sausages is suitable for the growth and survival of
Lactobacillus paracasei LPC-37 and the microbiological quality of the final product was very good (absence of Salmonella
and Listeria monocytogenes). The counts of lactobacilli reached 107 CFU/g of the product, which meet the requirements for
functional foods. The results of the sensory evaluation showed that the overall quality of raw-fermented sausages with
Lactobacillus paracasei LPC-37 was satisfactory and differed mainly in two taste descriptors (meaty and sour).

Keywords: fermented sausage; ripening; probiotic culture; starter culture

INTRODUCTION

The quality and microbial stability of the fermented meat
products depends on the raw meat quality, additives,
conditions of production, and at least, on microbial
cultures used in their processing. The starter cultures that
are used in production of fermented sausages basically
consist of staphylococci bacteria mainly in combination
with lactobacilli or pediococci, which control the safety of
processing and positively influence the sensory
characteristics of the product. The sausage matrix,
non-heat-treatement processing, and possible storage up to
24 °C represent optimal conditions for growth and another
reprodution of beneficial bacteria. This fact allows to use
probiotic cultures for achieving the new technological and
nutritional properties of fermented sausages.

Lactobacillus  paracasei LPC-37 is a gram-positive,
non-spore forming, homofermentative rod (Trautvetter et
al., 2012).

L. paracasei LPC-37 has been the subject of several
research works focused mainly on its probiotic effects. In
2007, Roessler et al., conducted a double-blind,
placebo-controlled, randomized crossover study in healthy

adults and patients with atopic dermatitis to examine the
impact of a probiotic drink containing a combination of the
probiotics Lactobacillus paracasei LPC-37
(3.9 x 10% CFU/g), Lactobacillus acidophilus 74-2 and
Bifidobacterium lactis 420, on clinical and immunological
parameters and their ability to survive the passage through
the human GIT. L. paracasei LPC-37 was able to colonize
transiently the intestine and was found in high numbers in
faeces. No significant improvement of the skin conditions
in patients with atopic dermatitis results from the study but
the symptoms were described as “allayed” (Roessler et al.,
2007). The study of Paineau et al. (2008), indicates that
L. paracasei LPC-37 (1 x 10'°CFU) and several other
probiotic strains may modulate immune responses of
human organism (tested with oral vaccination).

The placebo controlled study of Engelbrektson et al.
(2009), showed that Lactobacillus paracasei LPC-37 in
combination  with  Bifidobacterium lactis  Bl-04,
Bifidobacterium lactis Bi-07, Lactobacillus acidophilus
NCFM and Bifidobacterium bifidum Bb-02
(4 x 10" CFU/g) minimized the disruption of faecal
microbiota of healthy subjects undergoing antibiotic
therapy. A similar work, which ranks among the largest,

Volume 9

No. 1/2015



Potravinarstvo® Scientific Journal for Food Industry

placebo controlled studies with probiotics and antibiotic
associated diarrhoea, was made by Ouwehand et al.
(2014). The same type of probiotic mixture as the above-
mentioned was used. High doses of mixture consumed:
1.70 x 10'° CFU/g resulted in reduce of the incidence of
antibiotic associated diarrhoea from 24.6 to 12.5%,
significant reduce of abdominal pain and bloating.
However, there is still a need to acomplish the other
relevant, randomized, double blind clinical studies to
investigate the beneficial effect of Lactobacillus paracasei
LPC-37 on human organism.

MATERIAL AND METHODOLOGY

1. Sample preparation

The first group of samples was prepared by using
a standard lyophilized starter culture (Lyocarni RHM-33
produced by the Sacco company, Italy) consisting of
Staphylococcus xylosus and Pediococcus pentosaceus. The
second group of samples was prepared by using the
combination of a standard lyophilized starter culture
(Lyocarni RHM-33) and probiotic Lactobacillus paracasei
LPC-37 (produced by Danisco). The samples were made
from beef (28.7%), pork meat (33.6%), bacon (33.6%),
antioxidant, sodium nitrate and flavouring substances. The
processes of grinding, chopping, mixing and 3 weeks of
ripening (16 — 23 °C, relative humidity: 95 — 80%) were
carried out in a meat processing plant. The samples were
collected over a period of one week (7 days) during the
ripening process.

2. Extraction of the samples for isotachophoresis (ITP)

Sample preparation: 5 g of sample was homogenized in a
grinder (3 minutes at 6000 rpm) to obtain a homogeneous
mixture. Afterwards, homogeneous sample was extracted
with 50 ml of hot (80 °C) deionized water, stirred for 2
minutes and tempered 1 hour at 80 °C. The supernatant
was cooled to room temperature and filtered by Filtrak 388
o filter paper. The filtrate was amended to volume of 50 ml
by deionized water. 1 ml of the solution was transferred
into 10 ml of volumetric flask and amended by deionized
water. The final supernatant was transferred into reagent
tubes, which have been frozen afterwards (Pereira et al.,
2012).

2.1 The conditions of ITP analyses

The samples were slowly defrosted and filtered by
0.45 pm microfilter prior to injection of the samples.

Leading electrolyte (LE): 10 mM HCL + g-aminocaproic
acid + 0.1% methylhydroxyethylcellulose

Terminating electrolyte (TE): 5 x 10~ M caproic acid

Standards for lactic acid: solutions of lithium lactate at
levels 2, 6 and 10 x 10 mol.dm™.

Standards for acetic acid: solutions of sodium acetate at
levels 2, 6 and 10 x 10 mol.dm.

Selectivity: The standard solutions of acids were measured
and it was found that the relative step height value (RSH)
for analysed acids did not change.

3. Microbial analyses

The samples with Lactobacillus paracasei LPC-37 were
collected for microbial analyses during the fermentation
process (0, 1st, 2nd and 3rd week).

3.1 Detection of Lactobacillus

Microbial analysis was made according to ISO Standard
15214 - horizontal method for the enumeration of
mesophilic lactic acid bacteria -colony-count technique at
30 °C.

3.2 Detection of Listeria

Microbial analysis was made according to ISO Standard
11290-2 - horizontal method for the detection and
enumeration of Listeria monocytogenes.

3.3 Detection of Salmonella

Microbial analysis was made according to ISO Standard
6579 - horizontal method for the detection of Salmonella,
including Salmonella typhi and Salmonella paratyphi.

4. pH measurement

pH measurement was carried out according to ISO
Standard 2917-using digital pH-meter OP-211/1 (Radelkis,
Hungary) with a direct electrode injection into a sample.

5. aw measurement

ay measurement was carried out using Rotronic
Hygroskop DT a,, meter after the samples were allowed to
reach room temperature.

6. Sensory analysis

The sensory evaluation was performed by 9 panelists
made up of males and females, selected from the
Department of Food Science and Technology. The
consistency, colour and appearance on cut, aroma, and
taste were evaluated by hedonic test. The intensity of
following taste descriptors was also described by hedonic
test: meaty, salty, spicy, sour and smoked taste.

RESULTS AND DISCUSSION

ITP analysis

The results of ITP analyses are presented in Figure 1 and
Figure 2. The lactic acid was found as the predominant
acid created during the process of fermentation. The
highest values of lactic acid in sausages was detected in
the 3rd week of ripening. These values represented
16.94 gkg! of dry matter in sausages with starter culture
Lyocarni RHM-33 (Figure 1) and 18.64 gkg! of dry
matter (Figure 2) in sausages with addition of
Lactobacillus paracasei LPC-37, which represented
difference at 9%. Differences between samples became
more apparent in the 2nd week of ripening which
confirmed higher fermentative activity of Lactobacillus
paracasei LPC-37 in fermented sausages.

Despite the homofermentative character of Lactobacillus
paracasei LPC-37, small amounts of acetic acid were
identified in sausages mainly in the 1st week of ripening
which was probably due to the activity of
heterofermentative, naturally presented microflora in a
meat at the initial stage of ripening.
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Figure 1 The concentration of the organic acids in sausages with starter culture Lyocarni RHM-33.
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Figure 2 The concentration of the organic acids in sausages with starter culture Lyocarni RHM-33 and Lactobacillus
paracasei LPC-37.
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Figure 3 Evolution of the lactobacilli counts in sausages with Lyocarni RHM-33 and Lactobacillus paracasei LPC.
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Figure 4 Sensory evaluation of sausages in the 1st week of storage.
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Figure 5 Sensory evaluation of sausages in the 2nd week of storage.
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Figure 6 Sensory evaluation of sausages in the 3rd week of storage.
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Figure 7 Sensory evaluation of sausages in the 1st week of storage - intensity of taste descriptors.
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Figure 8 Sensory evaluation of sausages in the 2nd week of storage - intensity of taste descriptors.
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Figure 9 Sensory evaluation of sausages in the 3rd week of storage - intensity of taste descriptors.
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Table 1 pH of the sausages during ripening.

Lyocarni RHM-33

Lyocarni RHM-33 + L.paracasei LPC-37

Mean = SD Mean + SD
Week 0 6.23 +£0.03 6,21 £0.02
Week 1 5.82 £0.04 5.77 £0.01
Week 2 5.65 £0.02 5.45 +0.09
Week 3 4.39 +0.01 4.30 +£0.02

Table 2 Water activity of the sausages during ripening.

Lyocarni RHM-33

Lyvocarni RHM-33 + L.paracasei LPC-37

Mean £SD Mean +=SD
Week 0 0.97 £0.01 0.97 £0.01
Week 1 0.96 +£0.01 0.94 +0.01
Week 2 0.93 +£0.00 0.93 £0.00
Week 3 0.93 £0.01 0.93 +0.01

Microbial analyses

The results of the microbial analyses are presented in
Figure 3. The population of lactobacilli was monitored
during  fermentation up to the 3rd  week.
Week 0 represented a day in which the fermented sausages
were stuffed into casings and the 3rd week represented the
final week of ripening. Overall, the population of
lactobacilli increased throughout fermentation from
10° CFU/g to more than 107 log CFU/g. This suggests that
Lactobacillus paracasei LPC-37 grew rapidly and was
probably dominant culture in sausages. According to
Grajek et al. (2005), at least 10° log CFU/g viable cells
must reach the intestine for potential health benefits or
therapeutic effect which seems to be possible in this type
of culture used.

The presence of Salmonella and Listeria monocytogenes
was found negative during the time of ripening which
confirmed controlled and safety proceesing.

pH measurement

The initial pH of the sausages with starter culture was
6.23 and in samples with combination of Lyocarni RHM-
33 and Lactobacillus paracasei LPC-37 represented 6.21
(Table 1). The lowest pH was detected in the 3rd week of
ripening in sample with combination of Lyocarni RHM-33
and Lactobacillus  paracasei LPC-37. The pH
progressively increased until the end of ripening due to the
proteolytic activity generated by the microorganisms.
Bacterial proteases induce proteolytic degradation,
generating amino acids, peptides and amines which have a
buffering effect on the organic acids. The final pH of the
sample with Lactobacillus paracasei LPC-37 was 4.35,
which comply with specific requirements for this type of
ready-to-eat meat products.

aw measurement

Water activity ay (presented in Table. 2) decrease was
observed during ripening in all samples. The initial water
activity in fermented sausages was 0.97. Higher water
activity level (0.96) in the Ist week of ripening was
determined in the samples with Lyocarni RHM-33. The
samples with combination of Lyocarni RHM-33 and

Lactobacillus paracasei LPC-37 had slightly lower water
activity (0.94), which is in the correlation with fact that
lowering of the pH reduce the water binding properties of
the meat and reduce the drying time of fermented meat
products (Holck et al., 2011).

The values of water activity became equivalent (0.93) in
the 2nd week of ripening in all samples and reached the
legislative claims.

Sensory analysis

The sensory evaluation revealed no significant
differences between the consistency, colour and
appearance on cut, aroma, and taste during the storage of
sausages. The evaluation of the intensity of taste
descriptors showed some differences in meaty and sour
taste during the 3rd week of storage. The fermented
sausages with Lactobacillus paracasei LPC-37 had higher
mean score (differ by 0.40 point) in both of the taste
descriptors.

CONCLUSION

The objective of this study was to evaluate the water
activity, pH, concentration of organic acids,
microbiological quality and sensory acceptability of
raw-fermented sausages with Lactobacillus paracasei
LPC-37. The obtained data (pH, a. and microbial quality)
confirm the beneficial effects of fermentation with
probiotic bacteria application in terms of the health safety
of the product. Based on determined counts of lactobacilli
(more than 107 CFU/g) represented mainly by L. paracasei
LPC-37, product can be considered as functional food. An
analysis of the sensory evaluation results showed that the
overall post-fermentation quality was positively correlated
with the aroma and taste of fermented sausages and the
intensity of two taste descriptors (meaty and sour) was
higher than in sausages with starter culture only. The
results of this study showed that raw-fermented sausages
with L. paracasei LPC-37 potential probiotic strain are of
good microbiological quality. The environment of
raw-fermented sausages is suitable for the growth and
survival of L. paracasei LPC-37 potential probiotic strain.
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POTENTIAL PROBIOTIC PROPERTIES OF LACTOBACILLI
ISOLATED FROM GOAT'S MILK

Martin Tomaska, Maros Droncovsky, Lydia Klapacova, Anna Slottova, Miroslav KoloSta

ABSTRACT

The three strains of lactobacilli isolated from goat's milk — Lactobacillus (Lbc.) casei 21110, Lbc. johnsonii KB2-1 and Lbc.
plantarum 25/1L were selected in previous studies because they showed good processing and protective properties in
production of cheeses or lactic acid beverages from heat-treated milk or in model conditions. The aim of this study was to
evaluate their potential probiotic properties: resistance to lysozyme, survival in gastrointestinal tract, and hydrophobicity.
Testing was carried out in vitro methods: comparison of growth and metabolic characteristics of the strains when cultivated
in Man, Rogosa and Sharpe medium with and without the addition of lysozyme (400 pg.mL™"); viability of strains after
incubation in simulated environment of gastric juice (pH = 2.0, pepsin) and subsequently in simulated small intestinal juice
(pH = 8.0, pancreatin, bile salts) and an ability to adhere to the non-polar solvent in the two-phase system: xylene-water.
Lbc. casei 21110 and Lbc. johnsonii KB2-1 were resistant to the effect of lysozyme, the strain Lbc. plantarum 25/1L was
moderately susceptible. To the action of simulated gastric juice was resistant only the Lbc. johnsonii KB2-1, that was
subsequently inhibited in simulated small intestinal juice. When using xylene as a model agent, all strains were not
hydrophobic. From all the tested strains, Lbc. johnsonii KB2-1 showed good potential probiotic properties, particularly in

relation to resistance to lysozyme and the simulated environment of gastric juice.

Keywords: Lactobacillus; lysozyme; simulated gastro-intestinal tract; microbial adhesion to solvent; probiotic

INTRODUCTION

FAO/WHO (2002) defined probiotics as “live
microorganisms which when administered in adequate
amounts confer a health benefit on the host“. It is required
that these organisms are clearly described, are particularly
safe and have certain features that are presumption for
their beneficial effect on the host organism. Additionally,
the benefits must be clearly demonstrated in clinical trials
(FAO/WHO, 2002; Verdenelli et al.,, 2009). Selected
strains of lactobacilli belong to the typical representatives
of lactic acid bacteria (LAB), which may have probiotic
properties. Besides human origin, they can be isolated also
from the milk processing (Bao et al., 2010). They may be
added to the milk products as starter adjuncts, which is one
of possible methods (other than the pharmaceutical form)
of their consumption (Vinderola et al., 2009).

Lysozyme is an enzyme muramidase, which is commonly
found in human saliva, tears, breast milk and mucus. It can
hydrolyse 1,4-beta-linkages between N-acetylmuramic
acid and N-acetyl-D-glucosamine residues in a
peptidoglycan, a common part of cell wall in
Gram-positive bacteria (McKenzie and White, 1991).
They are therefore more sensitive to the action of
lysozyme than Gram-negative bacteria that have a different
composition of the cell wall and several protective
barriers, protecting of peptidoglycan layer. Lactobacilli are
the Gram-positive bacteria. Thus, their resistance to
lysozyme is a probiotic criterion (Kunova et al., 2011).

Some microorganisms commonly found in food, either
pathogenic or beneficial, are able to survive in the low pH
of the stomach, higher pH of digestive juices in the small
intestine, activity of enzymes (pepsin, pancreatin), and bile
salts. Thus there were created several models of simulated
gastro-intestinal environment in which they are tested
whether the strains of LAB are able to survive in such
conditions. A number of potential probiotic strains of
lactobacilli have a high survival rate (SR) in simulated
gastro intestinal tract (GIT). Milk matrix itself
(Guglielmottia et al., 2007), may or may not have
protective effect (Mékelédinen et al., 2009).

The ability of lactobacilli and LAB generally, to adhere
to cells of GIT, is important. This feature prevents the
peristaltic movements of the digestive system to remove
cells immediately so that they can carry out their beneficial
activity. The pathogenic microorganisms are capable of
binding to GIT, too. Their ability to auto-aggregation
correlates with adhesion. These are the basic conditions for
colonization and subsequent infection of the GIT. If the
probiotic strains are capable to co-aggregate with
pathogens or to replace them, then they create a protective
barrier (Collado et al., 2008). Besides, the capabilities of
potential probiotics occupy binding sites in the GIT and
compete for nutrients; their therapeutic effect is also based
on immunomodulation (Collado et al., 2007). The rate of
bacterial adhesion to human GIT depends on the
physico-chemical properties of the bacterial cell surface.
One of these properties is hydrophobicity (Del Re et al.,
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2000). According to this in vitro method, it is possible to
estimate whether the strains are capable of adhesion to
GIT, or not.

In our previous studies the processing characteristics
(Kolosta et al., 2014; Slottova et al., 2014; Klapacova et
al., 2014) and protective properties (Klapacova et al., in
press) of three selected strains of lactobacilli (Lbc. casei
21L10, Lbc. johnsonii KB2-1 and Lbc. plantarum 25/1L),
isolated from goat's milk, were described. The aim of this
work was to study the susceptibility of the strains to
lysozyme, model conditions of GIT (simulated gastric and
small intestinal juice) and their ability to adhese to a non-
polar xylene as an indicator of hydrophobicity. All these
properties are important for assessment of the potential
probiotic effect of lactobacilli.

MATERIAL AND METHODOLOGY

Lbc. casei 21110, Lbc. johnsonii KB2-1 and Lbc.
plantarum 25/1L were isolated from raw goat’s milk and
were identified with 16S rRNA PCR method (Slottova et
al., 2014).

Sensitivity of the lactobacilli to lysozyme was
determined by their cultivation (24.5 hours; 37 °C;
statically; aerobically) in Man, Rogosa and Sharpe (MRS)
medium (Merck, Darmstadt, Germany). After one hour of
cultivation, the lysozyme was added to the
media — Lysozyme from chicken egg white
156733 U.mg' (Serva Electrophoresis, Heidelberg,
Germany) at a concentration of 400 pg.mL'. The growth
was monitored by measuring optical density (OD) at
600 nm by spectrophotometer and their metabolic activity
by pH decrease of the cultivation media by pH meter.
Control samples did not contain lysozyme. From data
measured, the growth lines and graphics dependence of pH
on cultivation time were drawn.

The ability of lactobacilli to survive in a simulated GIT
was estimated as follows: MRS medium was inoculated
with an overnight culture of the strains (1%) and was
cultivated for 24 hours at 37 °C, statically, aerobically.
After the cultivation, the 5 mL of medium was filled into
sterile centrifuge tubes. The supernatant was separated by
centrifugation (Relative Centrifugal Force (RCF) = 6000;
20 min.; 30 °C) and the biomass was washed with
physiological saline. After, the biomass was carefully
resuspended by vortexing in 5 mL of simulated gastric
juice or in 5 mL of physiological saline (control sample).
Simulated gastric juice was prepared as follows: 0.5 g of
NaCl (Merck) was dissolved in 100 mL of deionized water
and pH was adjusted to 2.0 £0.1 by 36% HCI (Merck). The
solution was sterilized by autoclaving. To the sterile
simulated gastric juice 0.3 g of pepsin — Pepsin from
porcine gastric mucosa 0.7 FIP-U.mg™! for biochemistry
(Merck) per 100 ml of juice was added and the pH was
checked. The strains in the simulated gastric juice were
incubated statically at 37 °C for 2 hours. Subsequently,
supernatant was separated by centrifugation under the
same conditions. Then 5 mL of simulated small intestinal
juice was added to the biomass. The simulated small
intestinal juice was prepared as follows: 0.5 g NaCl and
0.3 g bile salts (Sigma-Aldrich, St. Louis, USA) were

dissolved in 100 mL of 0.1 M potassium phosphate buffer
with pH 8.0 #0.1. The solution was sterilized by
autoclaving. To the sterile simulated small intestinal juice
0.1 g of pancreatin — Pancreatin NB from porcine pancreas
5,407 U.g! (Serva Electrophoresis, Heidelberg, Germany)
was added per 100 mL of the juice and the pH was
checked. The strains in simulated small intestinal juice
were incubated statically at 37 °C for 4 hours. After the
incubation in simulated gastric and small intestinal juice,
the number of lactobacilli was determined in the
samples — by cultivation on MRS agar (Merck) — 72 hours,
37 °C. SR was expressed as percentage share of logarithms
of colonies of lactobacilli measured after incubation in
different environments in comparison to a control sample.

Microbial adhesion to solvent of lactobacilli was assessed
in a two-phase system of water-xylene. 50 mL MRS
medium was inoculated with 1% of overnight culture of
the strains. The medium was cultivated for 24 hours at
37 °C, statically, aerobically. After the cultivation, the
medium was centrifuged (RCF = 6000; 20 min.; 30 °C),
and the biomass was washed twice with buffer saline.
Subsequently, the biomass was resuspended by vortexing
into 50 mL of 0.1 M KNO; (Lachema, Brno, Czech
Republic). OD of the suspension was measured at 600 nm
(ODy). From the suspension 6 mL was removed to a sterile
tube and 2 mL of xylene — Xylene extra pure (Merck) was
added. The mixture was pre-incubated for 10 minutes at
room temperature and then was thoroughly vortexing for 2
minutes. The mixture was kept for 20 minutes at room
temperature, to separate the phases. The aqueous phase
was removed carefully and their OD was measured at
600 nm (OD;). The percentage of bacterial adhesion (BA)
to solvent was calculated as follows:
BA = (1 - OD1/ODy) x 100.

Each measurement was carried out twice.

RESULTS AND DISCUSSION

From all the tested strains, only Lbc. plantarum 25/1L
was partially sensitive to lysozyme (400 pg.mL").
Figure 1 shows that the addition of lysozyme slightly
protracted lag phase and reduced specific growth rate of
the strain compared to the control. Also decrease the pH of
the culture medium was slightly slower (Figure 2). Growth
characteristics of the strains Lbc. casei 21L10 and Lbc.
johnsonii KB2-1 and the production of lactic acid (Kolos$ta
et al., 2014) were not influenced by addition of lysozyme
(data not presented here).

Kunova et al. (2011) tested 13 strains of lactobacilli
isolated from dairy products, or human origin for
lysozyme (400 pg.mL"). The 8 strains were resistant to the
effect of lysozyme, in the rest of the strains; authors
reported a slight delay in the exponential phase of growth
curves. The origin of the strains did not affect their
susceptibility to lysozyme. On the contrary, in
bifidobacteria, Kunova et al. (2012) demonstrated that the
strain of Bifidobacterium bifidum and Bifidobacterium
longum isolated from faeces of babies and children were
more resistant to the effect of lysozyme (400 pg.mL! and
1000 pg.mL™"), than the strains of animal origin.
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Besides origin of LAB, their sensitivity to lysozyme may
also be influenced with the presence of other substances in
the environment (e.g. nisin), cultivation temperature,
growth phase or mutations of the tested strains (Neujahr
et al., 1973; Guglielmotti et al., 2007; Kunova et al.,
2012).

Survival of lactobacilli in a simulated environment GIT is
summarized in Table 1. The only strain Lbc. johnsonii
KB2-1 was resistant to the effect of simulated gastric juice
(more than the 90% SR), but after subsequent simulation
of small intestinal juice was already inhibited (less than
50% SR) — criterion according to Kejmarova et al.,
(2011). Strains Lbc. casei 21110 and Lbc. plantarum

25/1L were inhibited after the effect of simulated gastric
juice (SR from 32.2% to less than 23%).

Strains of lactobacilli resistant to simulated GIT have
been isolated from various matrices, e.g.: from fermented
olives (Lbc. pentosus, Lbc. plantarum, Lbc. paracasei
subs. paracasei) (Argyri et al., 2013), cheese (Lbc.
rhamnosus, Lbc. paracasei, Lbc. casei, Lbc. harbinensis,
Lbc. fermentum) (Solieri et al.,, 2014), fermented meat
products (Lbc. sakei, Lbc. curvatus, Lbc. plantarum)
(Papamanoli et al.,, 2003). Methodology of survival
varied in studies — they tested various pH of simulated
gastric juice (from about 1 to 3), different additions of
enzymes or bile salts, the environment, where the
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Figure 1 The growth of Lbc. plantarum 25/1L (37 °C, statically, acrobically) in MRS medium without and with addition
of lysozyme (400 ug.mL™"), detected by measuring the optical density (OD).
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Figure 2 The decrease inpHduring cultivation (37 ° C, statically, aerobically) Lbc. plantarum 25/1L in MRS medium

without and with addition of lysozyme (400 pg.mL™).
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Table 1 Survival of lactobacilli in simulated environment of gastrointestinal tract at 37 °C.

Strain**
logio(CFU.mL"')  SR* (%)  logio(CFU.mL™) SR (%)  logio(CFU.mL"') SR (%)
21L10 9.00 —9.08 100.0 322 <1.00 <1I.1
KB2-1 6.00 — 6.20 100.0 5.49-5.52 90.2 230-2.32 37.9
25/1L 8.66 — 8.74 100.0 <2.00 <23.0 <1.00 <11.5
* Survival rate
ok Lbc. casei 21110, Lbc. johnsonii KB2-1, Lbc. plantarum 25/1L
oAk Control sample
***%  Simulated gastric juice (2hours)
skoskoskoskosk

influence was observed (MRS medium, various buffers,
etc.), and the exposure time.

Tested strains did not show any adhesion to
xylene — thus, they are hydrophilic. Calculated BA values
were less than 1%.

Kos et al. (2003) using the same methodology, found out
that the tested strain Lbc. acidophilus M92 was
hydrophobic (71% adhesion). Whereas other probiotic
strains Lbc. plantarum 14 and Enterococcus faecium L3
were hydrophilic (7% respectively 0% adhesions). The
authors of this study confirmed the link between adhesion
and auto aggregation (as model was used porcine ileal
epithelial cells), mediated of protein components of cell
membrane. Kejmarova et al. (2011) tested 15 strains of
bifidobacteria (Bifidobacterium animalis subsp. lactis,
Bifidobacterium  longum,  Bifidobacterium  species,
Bifidobacterium dentium) for hydrophobicity, which
varied from 49% to 68%. Bhardwaj et al. (2010) used for
testing of the hydrophobicity other agents, besides the
xylene also n-hexadecane and n-octane, while changing
their additional amount. Enterococcus faecium KH 24
showed low hydrophobicity — from 2% to 17% in case of
n-hexadecane, but higher wusing xylene and
n-octane — from 49% to 86%. It has been therefore proved
that the results of such in vitro bacterial adhesion assay
also depend on of the type and the quantity of used
reagents.

Strains Lbc. casei 21110 and Lbc. johnsonii KB2-1 were
resistant to the effect of lysozyme (400 ug.mL") and strain
Lbc. plantarum 25/1L was affected only marginally by the
tested concentration.

Strains Lbc. casei 21110 and Lbc. plantarum 25/1L did
not survive well in simulated gastric juice environment.
On the contrary, strain Lbc. johnsonii KB2-1, this
environment tolerated well. Surviving of all tested strains
was inhibited by the simulated environment of the small
intestine digestive juices. Excluding the effects of higher
pH, pancreatin and bile salts, also autolysis of cells in the
environment of usage of 0.1 M potassium phosphate buffer
could occur (El-Kholy et al., 1998).

All the strains were not hydrophobic. Based on the results
of the model (xylene), there is not an expectation of
adhesion ability to the cells of the GIT. However, it is
possible when another reagent is used, the adhesion will

Simulated gastric juice (2hours) and subsequently small intestine juice (4hours)

achieve different percentage. It is also recommended to use
more sophisticated models as e. g. Caco-2 cells (Candela
et al., 2008; Argyri et al., 2013).

From all the tested strains, Lbc. johnsonii KB2-1 showed
the best potential probiotic properties — however it was not
resisted to simulated small intestine juice and was not
hydrophobic.

In previous study it was shown, that the strains did not
produce biogenic amines in excessive concentrations
(Klapacdova et al., in press). The further safety criteria
(resistance to antibiotics, [B-haemolysis, etc.) will be
evaluated too.

CONCLUSION

Strains Lbc. casei 21110 and Lbc. johnsonii KB2-1 were
resistant to the effect of lysozyme (400 ug.mL") and strain
Lbc. plantarum 25/1L was affected only marginally by the
tested concentration.

From all the tested strains, Lbc. johnsonii KB2-1 showed
the best potential probiotic properties — however it was not
resisted to simulated small intestine juice and was not
hydrophobic.
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THE BACTERIOLOGICAL QUALITY OF GOAT AND OVINE MILK

Kateiina Bogdanovicova, Alena Skockova, Zora St'astkovd, Ivana Kolackovd, Rendta Karpiskova

ABSTRACT
This study concentrates on information concerning the microbiological hazards that can be present in raw milk from animal

species other than cows. A total of 54 (23 of ovine and 31 of goat) bulk tank milk samples from 10 farms in the Czech
Republic were collected in years 2013 — 2014. The sampling was done at regular time intervals during the whole year, with
five to eight samples collected from each of the 10 dairy farms involved in the study. All milk samples were collected into
sterile sampling bottles and transported in a cooler sampling case to the laboratory for immediate examination. Farms were
randomly selected to cover the whole area of the Czech Republic. The prevalence and characteristic of Escherichia coli,
Staphylococcus aureus, Salmonella spp., Campylobacter spp. and Listeria monocytogenes was studied. Raw cow’s milk can
be contaminated by E. coli intramammarily during clinical or subclinical mastitis and either directly through animal feces or
indirectly during milk collection through farm employees or the milking equipment. E. coli was detected in 90.3% of the
goat milk and 95.7% of the ovine milk samples. The genes encoding Shiga toxins 1 and 2— (stx1, stx2) were not detected and
no STEC was identified. The Eae was the detected in 3 (4.6%) isolates. S. aureus was detected in 9 (29.0%) samples of goat
milk and 8 (34.8%) samples of ovine milk. A total 12 (57.1%) enterotoxin positive S. aureus were obtained; 6 (28.6%) were
positive for the production of sec encoding enterotoxin SEC; in 4 (19.0%) isolates the gene ses was detected; 2 (9.5%)
isolates were proven positive for seg (4.8%) and combination seg and sei (4.8%). The presence of MRSA was not detected
in the tested samples in our study. L. monocytogenes was detected in 1 (3.2%) samples of goat milk and 1 (4.3%) samples
of ovine milk. The serotype (1/2a, 1/2b) was detected in our study. Campylobacter spp. and Salmonella spp. were not
isolated from any of the samples. These results form the basis for determining the microbiological quality standards for goat

and ovine milk.

Keywords: bacteria; Escherichia coli; Staphylococcus aureus;, Salmonella spp.; Campylobacter spp.; Listeria

monocytogenes

INTRODUCTION

This study concentrates on information concerning the
microbiological hazards that can be present in raw milk
from animal species other than cows. Milk and dairy
products are basic components of human diet.
Consumption of raw milk represents a risk for the
consumers, due to the possible presence of human
pathogenic microorganisms in raw milk (Claeys et al.,
2013). Public health problems associated with
consumption of unpasteurized cow's milk and raw-milk
products have been well documented (Cody et al., 1999;
Kalman et al., 2000; De Buyser et al., 2001; Harrington
et al., 2002). Goat and ovine production constitutes an
important part of the national economy in many countries.
One of the most decisive factors in the growth in the
consumption of goat and ovine milk is their perceived
beneficial effect on human health, which, moreover, is
fully recognized by the scientific community. Goat milk
has an acceptable, attractive odour and taste, and can be
consumed as an alternative to cow milk because it is less
allergenic. Ovine milk has a higher content of essential
vitamins and minerals than cow’s milk and could be used
to cater to consumers’ appetite for healthy and safer
products (Park et al., 2007).

In general, the scientific quality of research on goat and
ovine milk products is still insufficient but is continuously
improving.

Milk quality can be evaluated according to hygienic,
nutritional, technological and sensory parameters. One of
the most important criteria that determine goat and sheep’s
milk quality is the control of pathogens.

The objectives of this study were: 1) to determine the
microbiological status of goat and ovine milk in the Czech
Republic, 2) to study the prevalence of food-borne
pathogens, especially Staphylococcus aureus, Escherichia
coli, Listeria monocytogenes, Salmonella spp., and
Campylobacter spp. and 3) typing of selected pathogens
(serotyping, detection of SEs, mecA genes etc.).

MATERIAL AND METHODOLOGY

Samples collection. A total of 54 bulk tank milk samples
from 10 farms in the Czech Republic were collected in
years 2013 — 2014. The sampling was done at regular time
intervals during the whole year, with five to eight samples
collected from each of the 10 dairy farms involved in the
study. Farms were randomly selected to cover the whole
area of the Czech Republic. All milk samples were
collected into sterile sampling bottles and transported in a
cooler sampling case to the laboratory for immediate
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examination. The milk samples were tested for the
presence of: Escherichia coli, Staphylococcus aureus,
Salmonella spp., Campylobacter spp. and Listeria
monocytogenes each test was performed on 25 ml of raw
milk by means of qualitative methods.

Isolation and identification of Escherichia coli
(E. coli). Detection of E. coli was carried out according to
ISO 16649-1 with some slight modifications. The
detection was performed after enrichment of 25 ml of milk
in 225 ml of buffered peptone water (BPW, Oxoid, UK) at
37 °C for 24 hours followed by aerobic cultivation on
Tryptone Bile X-glucuronide medium (TBX, Oxoid, UK)
(44 °C for 24 hours). From each positive sample, one to
three suspected E. coli isolates were used for confirmation.
Confirmation of suspected colonies from TBX agar
consisted of the detection of oxidase (OXItest, Pliva-
Lachema, CZ) and production of indole (COLItest, Pliva-
Lachema, CZ).

Isolation and identification of Staphylococcus aureus
(S. auwureus). Detection of S. aureus was carried out
according to ISO 6888-1 with slight modification as
follows: 25 ml of milk was diluted with 225 ml of buffered
peptone water (Oxoid, UK) and homogenized. After
enrichment at 37 °C overnight samples were cultivated on
Baird - Parker agar (B-P, Oxoid, UK) supplemented with
egg yolk-tellurite emulsion. From each plate, both the
typical and atypical colonies were examined by
plasmacoagulase test (Staphylo LA Seiken, DENKA
SEIKEN Co. Ltd., Japan) and confirmation of suspected
S. aureus strains was carried out by polymerase chain
reaction (PCR) based on the detection of the species
specific fragment SA442 (Martineau et al., 1998).

Isolation and identification of Salmonella spp. The
detection of Salmonella spp. was carried out according to
ISO 6579. At first, non-selective enrichment was
performed in buffered peptone water (Oxoid, UK). This
was followed by selective enrichment in two types of
media Rappaport-Vassiliadis Soya Peptone Broth (RVS)
and Muller-Kauffmann Tetrathionate-Novobiocin Broth
(MKTTn, Oxoid, UK) simultaneously. Then isolation on
media RAMBACH (MERCK, D) and XLD (Oxoid, UK)
was performed.

Isolation and identification of Campylobacter spp. The
detection of thermotolerant Campylobacter spp. was
carried out according to ISO 10272-1. After enrichment,
which was done in Bolton medium with horse blood
(Oxoid, UK) and after 48 hours of cultivation at 42 °C
suspension was inoculated on Campylobacter Selective
Blood Free Agar (CCDA, Oxoid, UK) with incubation at
42 °C for 48 hours at micro-aerophilic conditions.

Isolation and identification of Listeria monocytogenes
(L. monocytogenes). Detection of L. monocytogenes was
performed according to ISO 11290-1 with a modification
in the primary multiplication step which was carried out in
the buffered peptone water (Oxoid, UK) at 37 °C for 24
hours. Secondary multiplication was done in Fraser broth
(Oxoid, UK) at 37 °C for 24 hours and followed by aerobic
cultivation on ALOA agar medium (BIO-RAD, FR) at
37 °C for 24 hours.

Typing of bacteria. More attention has been
concentrated to the occurrence of methicillin-resistant
S. aureus strains (MRSA) and E. coli with detection of
selected genes encoding virulence factors.

For the determination of MRSA in §. aureus isolates
polymerase chain reaction (PCR) for the detection of the
mecA gene, which is responsible for the resistance to
methicillin (Poulsen et al., 2003) was used.

For the detection of the genes encoding staphylococcal
enterotoxins A-J multiplex PCR method previously
published by Lovseth et al., (2004) was used.

PCR was also used for the detection of selected genes
encoding virulence factors (eae, hly, stxi, stx2) in E. coli.
The detection of the virulence genes was performed using
multiplex PCR according to Fagan et al., (1999).

Typical colonies for Listeria monocytogenes were
confirmed and serotyped by slide agglutination method
using the commercially available antisera (DenkaSeiken,
Japan) and verified by multiplex PCR (Doumith et al.,
2004).

RESULTS AND DISCUSSION

This study was focused to map the occurrence of
bacteriological risks in raw goat and ovine milk. In total,
54 (31 of goat milk and 23 of ovine milk) samples of bulk
tank milk collected from 10 (5 of goat farm and 5 of ovine
farm) different farms and investigated in 2013 — 2014 in
the Czech Republic. The detailed results are shown in
Table 1.

Differences were observed in the bacteriological quality
of raw milk collected on the different dairy farms. While
milk from some farms was bacteriologically safe in milk
samples from other farms pathogenic microorganisms
were repeatedly detected.

In our study, Escherichia coli, Staphylococcus aureus
and Listeria monocytogenes were detected.

Prevalence of E. coli in raw milk. Raw cow’s milk can
be contaminated by E. coli intramammarily during clinical
and subclinical mastitis (Dahmen et al., 2013) and either
directly through animal feces or indirectly during milk
collection through farm employees or the milking
equipment (Desmarchelier a Fegan, 2011). This study
shows that the presence of E. coli in raw milk is very
common. Altogether, 49 (90.7%) positive milk samples
were detected. A total of 65 E. coli isolates were retained
for further characterization. E. coli strains producing Shiga
toxins (Stx) 1 and 2, encoded by stx; and stx» genes,
respectively, are called Shiga toxin-producing E. coli
(STEC) (Wani et al, 2009). These toxins have
acytopathic effect on intestinal epithelial cells that plays a
role in the development of bloody diarrhea. STEC have
other, additional virulence factors, the most important of
these is a protein called intimin (Robati a Gholami,
2013). Many STEC produce intimin, an adhesive protein
encoded by the eae gene with several variants located on
the pathogenicity island termed the locus of enterocyte
effacement (Blanco et al., 2004). Of the adhesin coding
genes, eae was the detected in 3 (4.6%) isolates. The genes
encoding Shiga toxins 1 and 2- (stxi, stx;) were not
detected and no STEC was identified.
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Table 1. Results of microbiological quality of raw milk testing

Milk Samples Escherichia coli Staphylococcus aureus Listeria monocytogenes
n n % n % n %
Goat milk 31 28 90.3 9 29.0 1 3.2
Ovine milk 23 22 95.7 8 34.8 1 4.3
)y 54 50 92.6 17 31.5 2 3.7

Prevalence of S. aureus in raw milk. Staphylococcus
aureus is one of the most important mammary gland
pathogens responsible for mastitis that can cause enormous
economic losses (Hata et al., 2008). When investigating
the incidence of pathogenic microorganisms, we recorded
the highest detection rate of Staphylococcus aureus.
Altogether, 17 (31.5%) positive milk samples were
detected. A total of 21 S. aureus isolates were retained for
further characterization and detection enterotoxins
encoding genes. Global problem of the 21st century
becomes the occurrence of pathogenic microorganisms
resistant to routinely used antibiotics. S. aureus has an
impressive ability to adapt to environmental conditions
and it can fast become resistant to almost all antibiotics
(McCallum et al., 2010). Methicillin-resistant S. aureus
(MRSA) were found primarily in humans, later they were
detected also in animals (Lee et al., 2004). In recent years,
the increase of staphylococci strains that show resistance
to methicillin/oxacillin has become a serious clinical and
epidemiological problem. Methicillin-resistant S. aureus in
milk are less important as a food safety issue, since milk is
almost always heat treated before consumption. However,
these exceptions and raw milk consumption, which is
widely practiced by farmers and their families (Oliver et
al., 2009), could expose people to MRSA. Recent reports
revealed that MRSA was also associated with cases of
bovine and caprine mastitis (Aras et al, 2012;
Vanderhaeghen et al.,, 2010). Occurrence of MRSA in
goat milk has been observed in the Czech Republic,
namely in 2008 (St'astkova et al., 2009). The presence of
MRSA was not detected in the tested samples in our study.

Detection of enterotoxins in S. aureus isolates.
Staphylococcus aureus is an important human and animal
pathogen known to produce a range of toxic substances
that can cause various diseases. From the perspective of
food microbiology, the most relevant characteristic of
S. aureus 1is the production of heat-stable enterotoxins
implicated in food-borne intoxications (Thomas et al.,
2007). In terms of risk of foodborne diseases very
important is the ability of approximately 50-75% of S.
aureus strains to produce under the suitable conditions the
extracellular thermostable enterotoxins (SEs) (Argudin et
al., 2010).

From 54 milk samples examined, 17 (31.5%) positive

milk samples were detected. A total of 21 S. aureus were
isolated and used for the detection of SEs. For the
detection of the genes encoding enterotoxins A-J
multiplex PCR was used (Lovseth et al., 2004).

Atotal 12 (57.1%) enterotoxin positive S. aureus were
obtained. In our study, 6 (28.6%) of these isolates were
positive for the production of classical enterotoxins
SEA-SEE, which are the leading cause of foodborne
diseases. In our study 6 of these isolates were positive for
the production of sec encoding enterotoxin SEC.

It was also reported as the most frequent gene in
Staphylococcus aureus from goat's milk from Scherrer
et al., (2004) and Lyra et al., (2013), who observed the
SEC in 42% and 55.6% of staphylococci. The presence of
this gene was observed in 71% (Mork et al., 2010) and
86% (Silva et al., 2005) of Staphylococcus aureus strains
isolated from healthy goats and goats with udder
infections.

In our study, the 4 (19.0%) of these isolates were positive
for the gene seh responsible for the production of SEH.
Out of 21 strains investigated 2 (9.5%) were proven
positive for seg (4.8%) and combination seg and sei
(4.8%). No genes for SEs were identified in 9 (42.9%)
isolates. Results are shown in Table 2.

Ikeda et al., (2005) described a mass outbreak of food
poisoning caused by eating reconstituted milk
contaminated by toxigenic S. aureus with co-productions
of the SEA and SEH. The outbreak was also caused by
SEH subsequently produced by S. aureus isolated from
potato mash with raw milk (Jergensen et al., 2005).

Prevalence of L. monocytogenes in raw milk. Listeria
monocytogenes was detected in 2 (3.7%) samples. The
prevalence of L. monocytogenes in bulk tank milk is
reported to range from 1 to 12% (Oliver et al., 2005).
Ninety-five percent of L. monocytogenes strains associated
with human listeriosis and food samples belong to
serotypes 1/2a, 1/2b, and 4b (Kathariou 2002). Serotype
1/2a has frequently been detected in different food
matrices (Martins a Leal Germano, 2011). The same
serotype (1/2a, 1/2b) was detected in our study.

Prevalence of Salmonella spp. and Campylobacter spp.
in raw milk. The presence of Salmonella spp. and
Campylobacter spp. was not detected in the tested
samples.

Table 2. Prevalence of S. aureus with production staphylococcal enterotoxin genes.

Combination of toxins Goat milk Ovine milk
n % n %
C 3 14.3 3 14.3
H 1 4.8 3 14.3
n- S. aureus with genes encoding SEs
Volume 9 74 No. 1/2015
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CONCLUSION

The results of this study confirm the presence of
pathogenic bacteria in goat and ovine raw milk. The study
shows the fact that the consumption of raw milk is not safe
for the consumers, and that heat treatment of raw milk
before the consumption has a positive meaning.

Our results confirm that unpasteurized milk may be
contaminated with different types of microorganisms and
can be an important source of foodborne illnesses. The
most effective tool for the microbiological safety of milk is
pasteurization or other heat treatment. Information on
health hazards associated with contaminated raw milk
should be extended to the public, so that consumption of
untreated raw milk could be avoided.
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THE CONTENT OF TOTAL POLYPHENOLS AND ANTIOXIDANT ACTIVITY IN
RED BEETROOT

Petra Kavalcova, Judita Bystricka, Jan Tomas, Jolana Karovicova,
Jan Kovarovic, Marianna Lenkova

ABSTRACT

Red beetroot (Beta vulgaris rubra) is an important raw material of plant origin with proven positive effects on the human
body. They can be eaten raw, boiled, steamed and roasted. Red beetrooot is a rich source of minerals substances
(manganese, sodium, potassium, magnesium, iron, copper). Beetroot contains a lot of antioxidants, vitamins (A, C, B), fiber
and natural dyes. Red beetroot is also rich in phenol compounds, which have antioxidant properties. These colorful root
vegetables help protect against heart disease and certain cancers (colon cancer). In this work we evaluated content of total
polyphenols and antioxidant activity in red beetroot. Samples of plant material were collected at full maturity stages from
areas of Zohor, Sihelné, and Slia¢. Zohor, Sihelné, and Slia¢ are areas without negative influences and emission sources.
Samples of fresh red beetroot were homogenized and were prepared as an extract: 50 g cut beetroot extracted by 100 ml
80% ethanol for sixteen hours. These extracts were used for analyses. The content of the total polyphenols was determined
by using the Folin-Ciocalteu reagent (FCR). The absorbance was measured at 765 nm of wavelength against blank.
Antioxidant activity was measured using a compound DPPH" (2.2-diphenyl-1-picrylhydrazyl) at 515.6 nm in the
spectrophotometer. In the present experiment it was detected, that total polyphenols content in samples ranges from
820.10 mg/kg to 1280.56 mg/kg. Statistically significant highest value of total polyphenols was recorded in beetroot in
variety of Renova from locality of Slia¢ (1280.56 £28.78 mg/kg). Statistically significant the lowest content of total
polyphenols was recorded in beetroot in variety of Renova from the village Sihelné (820.10 £37.57 mg/kg). In this
experiment the antioxidant activity in beetroot was evaluated and compared. The values of antioxidant activity were in

interval from 19.63% to 29.82%.

Keywords: red beetroot; total polyphenols; antioxidant activity; soil; locality

INTRODUCTION

Plant foods are well known sources of vitamins, such as
vitamin C as well as folic acid, carotenoids, and fiber, and
they are naturally free of saturated fat and cholesterol
(Brat et al., 2006). Fruits and vegetables are rich sources
of natural antioxidants such as water soluble vitamin C and
phenolic compounds, as well as lipid soluble vitamin E
and carotenoids, which contribute both to the first and
second defence lines against oxidative stress (Birt et al.,
2001; Harbornea Williams, 2000; Halliwell et al., 2005).

Vegetable intake has long been associated with a reduced
risk of chronic disease, especially cardiovascular disease
and certain types of cancer (Williamson, 1996).

Red beetroot (Beta vulgaris rubra) is member of the
Chenopodiaceae. This group contains important food
crops, such as Spinaciaoleracea (spinach), which is the
most consumed Chenopodiaceae leafy vegetable in Europe
(Ruales and Nair, 1994). Red beetroot (Beta vulgaris
rubra) seeds leaves and roots are rich in phenolic
compounds, whose concentration is dependent on the stage
of plant development (Ninfali and Bacchiocca, 2003;
Vali et al.,, 2007). Red beetroot (Beta vulgaris rubra)
contains a large amount of betalains, a group of numerous

water soluble nitrogen containing pigments derived from
betalamic acid. Inside to the betalain group, there are two
classes of compounds: the yellow-orange betaxanthin and
the red-violet betacyanins (Stintzing and Reinhold,
2004). The principal betacyanin pigment in red beetroot
(Beta  vulgaris  rubra) is  betanin, which is
a betanidin-5-O-B-glucoside. Betanidin is therefore the
aglyconic form of the betanin (Kugler et al., 2007). To
date, the food colorant extracted from red beetroot (Beta
vulgaris rubra), known as “red beetroot”, is available as
E162 in USA and Europe (Castellar et al., 2012).

Red beetroot (Beta vulgaris rubra) have been used for a
long time for their beneficial health effects, mainly
consisting in stimulation of hematopoietic and immune
systems as well as in the protection of kidney, liver and gut
from toxic compounds. Moreover, they exhibit
mineralizing, antiseptic and choleretic activities as well as
they contribute to the reinforcement of the gastric mucosa
(Escribano et al., 1998; Kapadia et al., 2003; Winkler et
al., 2005).

Oxidizing reactions occur constantly in the cells as part
of aerobic life, resulting in the production of oxygen
radicals. Reactive oxygen species, if produced in excess,
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may damage various organic substrates, including DNA,
proteins, lipids and cell membranes in living cells, and
indirectly act as primary or secondary messengers to
activate signaling pathways that inflict damage on living
cells (Chen et al., 2011). This results in damage, diseases
and disorders such as cardiovascular diseases, autoimmune
diseases, cancer, rheumatoid arthritis and aging
(Pham-Huy et al., 2008).

Antioxidants are substances that, at low concentrations,
prevent or retard the oxidation of easily oxidisable
biomolecules such as lipids, proteins and DNA. Two major
groups of antioxidants are recognised, namely enzymatic
and no enzymatic antioxidants (Becker et al., 2004;
Ratnam et al., 2006).

Polyphenols are secondary plant metabolites of which

several thousands have been identified in higher plants and
several hundred are found in edible plants. Based on their
chemical structure, polyphenols are divided in e.g.
phenolic acids, flavonoids, stilbenes, and lignans.
Polyphenols have antioxidant properties and have several
other specific biological properties Manach et al., (2004).
The aim of our study was to evaluate the content of total
polyphenols and antioxidant activity in red beetroot.

MATERIAL AND METHODOLOGY

Samples of plant material were collected at full maturity
stages from area of Zohor, Sihelné, and Slia¢. The samples
of soil (Table 1, 2 and 3) and plant material were analyzed
individually by selected methods, and were used in fresh
material on analysis. Zohor is located in the southern

Table 1 Agrochemical characteristic of soil substrate in mg/kg (Zohor).

Agrochemical characteristic  pH pH Cox  Humus (%)
7.37 6.74  2.05 3.54
Nutrients P K Ca Mg
558.44 201.60 2061.8 184.50
Heavy metals Cd Pb Cu Zn Cr Co Mn Fe
Content in aqua regia (mg/kg)  1.57 17.3 13.4 115.0 11.0 54 547.5 8627.7
Limit value (mg/kg) 0.4 25 30 100 50 15 - -
Table 2 Agrochemical characteristic of soil substrate in mg/kg (Sihelné).
Agrochemical characteristic pH pH Cox (%) Humus
6.37 5.36 3.95 6.81
Nutrients P K Ca Mg
294.68 3309 16234  223.0
Heavy metals Cd Pb Cu Zn Cr Co Mn Fe
Content in aqua regia (mg/kg) 3.61 40.9 441 190.0 31.8 20.2 1688.2 314529
Limit value (mg/kg) 0.7 70 60 150 70 15 -
Table 3 Agrochemical characteristic of soil substrate in mg/kg (Sliac).
Agrochemical characteristic pH pH Cox (%) Humus
8.06 6.90 2.37 4.09
Nutrients P K Ca Mg
219.0 520.0 49532  396.2
Heavy metals Cd Pb Cu Zn Cr Co Mn Fe
Content in aqua regia (mg/kg) 3.78 51.5 50.6 395.0 16.9 14.0 982.7  26458.2
Limit value (mg/kg) 0.7 70 60 150 70 15 - -
Volume 9 78 No. 1/2015
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partof Zahorska lowland. The altitude of the village is in
the middle of 146 m.n.m. Zohor has average an annual air
temperature 9.5 °C, annual rainfall is 600 mm. Sihelné is
located in the northern part of Orava. The altitude of the
village is 731 m.n.m. Sihelné belongs to the mild cold
climate zone, average annual air temperature is 4 — 7 °C,
annual rainfall is 800 — 1200 mm. Slia¢ is located in the
district of Zvolen, one of the central districts of Banska
Bystrica. The altitude of the village is in the middle of
305 m.n.m. The average and annual air temperature is
8.2 °C, annual rainfall is 850 mm.

We determined the soil sample from Zohor as sandy,
sandy — loam. The soil sample had a value of active soil
reaction pH (H2O0) = 7.37. The soil was alkaline. Cox
oxidizable carbon content was 2.05 and the humus content
was 3.54. The content of potassium and magnesium was
good and the content of phosphorus was very high. The
total content of heavy metals (aqua regia) in soil sample
was determined according to the current legislation Annex.
2 of the Law. 220/2004 Z.z. Cadmium exceeded the limit
value of 3.9 times and Zinc exceeded the limit value 1.15
times.

We determined the soil sample from Sihelné as
sandy — loam, loam. The soil sample had a value of active
soil reaction pH (H20) = 6.37. The soil was weakly acidic.
Cox oxidizable carbon content was 3.95 and the humus
content was 6.81. The content of potassium was high and
magnesium good, the content of phosphorus was very
high. The total content of heavy metals (aqua regia) in soil
sample was determined according to the current legislation
Annex. 2 of the Law. 220/2004 Z.z. Cadmium exceeded
the limit value of 5.1 times, Zinc exceeded the limit value
1.26 times and Cobalt exceeded the limit value 1.34 times.

We determined the soil sample from Slia¢ as
sandy — loam, loam. The soil sample had a value of active
soil reaction pH (H.O) = 8.06. The soil was strong
alkaline. Cox — oxidizable carbon content was determined
2.37 and the humus content was 4.09. The content of
potassium, magnesium and phosphorus was very high. The
total content of heavy metals (aqua regia) in soil sample
was determined according to the current legislation Annex.
2 of the Law. 220/2004 Z.z. Cadmium exceeded the limit
value of 5.4.

Determination of total polyphenols

Total polyphenols were determined by the method of
Lachman et al. (2003) and expressed as mg of gallic acid
equivalent per kg fresh mater. Gallic acid is usually used
as a standard unit for phenolics content determination
because a wide spectrum of phenolic compounds. The total
polyphenol content was estimated using Folin-Ciocalteau
assay. The Folin-Ciocalteau phenol reagent was added to a
volumetric flask containing 100 [IL of extract. The content
was mixed and 5 ml of a sodium carbonate solution (20%)
was added after 3 min. The volume was adjusted to 50 mL
by adding of distilled water. After 2 hours, the samples
were centrifuged for 10 min. and the absorbance was
measured at 765 nm of wavelength against blank. The
concentration of polyphenols was calculated from a
standard curve plotted with known concentration of gallic
acid.

Determination of antioxidant activity

Antioxidant activity was measured by the (Brand and
Williams et al., 1995) method-using a compound DPPH"
(2.2-diphenyl-1-pikrylhydrazyl)). 2.2-diphenyl-1-
pikrylhydrazyl (DPPH") was pipetted to cuvette (3.9 ¢cm?)
then the value of absorbance, which corresponded to the
initial concentration of DPPH" solution in time Ao was
written. Then 0.1 cm?® of the followed solution was added
and then the dependence A =f(t) was immediately started
to measure. The absorbance of 1, 5 and 10 minutes at
5156 nm in the spectrophotometer = Shimadzu
UV/VIS — 1240 was mixed and measured. The percentage
of inhibition reflects how antioxidant compound are able
to remove DPPH' radical at the given time.

Inhibition (%) = (Ao - At/ Ao) x 100

Statistical analysis

Results were statistically evaluated by the Analysis of
Variance (ANOVA — Multiple Range Tests, Method: 95.0
percent LSD) using statistical software STATGRAPHICS
(Centurion XVLI, USA).

RESULTS AND DISCUSSION

Red beetroot is ranked as one of the 10 most important
vegetables. Part of red beet is the edible roots, which
contain from 12 to 20% dry matter, including 4 — 12%
sugar, 1.5% protein, 0.1% fat, 0.8% fibre, minerals such as
sodium, potassium, phosphorus, calcium, and iron, as well
as small amounts of vitamins. It also contains phenolic
acids including p-coumaric, protocatechuic, ferulic,
vanillic, p-hydroxybenzoic and syringic acids (Vuli¢ et al.,
2012; Kujala et al., 2000). In this work the content of
polyphenols in red beetroot was tested and evaluated.

In the present experiment it was detected, that total
polyphenols  content in samples ranges from
820.10 £37.57 mg/kg to 1280.56 £28.78 mg/kg in varieties
of red beetroot (Table 4). Ninfali et al. (2013) published
that the content of total polyphenols was recorded in red
beetroot in the interval from 720 to 1276 mg/kg. In
comparision to our determined values of polyphenols their
results were in similar interval. Statistically significant
highest value of total polyphenols was recorded in red
beetroot in variety of Renova from
locality  of  Slia¢  (1280.56  +28.78  mg/kg).
Canadanovi¢- Brunet et al. (2011) reported that the
polyphenols in red beetroot was in amounts 3764 mg/kg.
In comparision to our measured values their results were
higher. Statistically significant the lowest content of total
polyphenols was recorded in red beetroot in variety of
Renova from the village Sihelné (820.10 £37.57 mg/kg).
Wootton- Beard et al. (2011) determined the content of
polyphenols in beetroot. Their values were in similar
interval 617.8 to 1450.3 mg/kg as our values.

Ciz et al. (2010) reffered that the content of total
polyphenols was 815 mg/kg. In comparision to our
measured values their results were lower. Polyphenols are
thought to be particularly important in heart disease,
hypertension and age-related degeneration.

From the results we can conclude that the highest content
of total polyphenols in variety of Renova we measured in
locality Slia¢ (1280.56 mg/kg), followed by red beetroot
from Zohor (1139.82 mg/kg) (Figure 1). In this variety we
recorded the lowest value of polyphenols in red beetroot
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from locality of Sihelné (820 mg/kg). In the case of variety
Monorubra we determined the highest value of total
polyphenols in samples from area of Sihelné
(1201.6 mg/kg), followed by red beetroot from Slia¢
(1023.21 mg/kg) and Zohor (988.66 mg/kg). The
difference between the highest and lowest parameter of
polyphenol content in variety of Renova was 460.56 mg/kg
and in variety of Monorubra was 212.94 mg/kg. From the
measured results we conclude that the varieties (Renova,
Monorubra) from Slia¢ had higher content of total
polyphenols, which may be the result of high humus
(4.0%) and potassium (520 mg/kg) content in the soil.
Many authors reported that the growing area and the
agrochemical composition are important environmental
factors involved in the production of polyphenolic
substances. The total content of polyphenolic compounds
is quite variable, may be affected by postharvest climatic
conditions.

Another indicator that has been evaluated and compared
was the antioxidant activity of red beetroot. The

antioxidants reduce the risk for chronic diseases- cancer
and heart. The main function of an antioxidant in plants is
its ability to trap free radicals. Polyphenols and flavonoids
scavenge free radicals (peroxide, hydroperoxides,
lipidperoxyl). In the present work it was detected, that
antioxidant activity in samples ranges from 19.63 £0.90 to
29.82 £0.55 % (Table 5). Holasova et al. (2011) said that
the value of antioxidant activity was 36%. Statistically
significant highest value of antioxidant activity was
recorded in red beetroot in variety of Monorubra from
Sihelné (29.82 +0.55). Georgiev et al. (2010) reported that
value of antioxidant activity in beetroot was in the interval
from 14.2% to 90.7%. In comparision to our measured
values their results were higher. Statistically significant the
lowest content of total polyphenols was recorded in red
beetroot in variety of Renova from Sihelné (19.63 +0.90).

Kaur et al. (2002) reffered that the value of antioxidant
activity in red beetroot was in ethanol extract 73.3% and in
water extract 55%. Their values of antioxidant activity in
beetroot were higher.

Table 4 Average content of total polyphenols (mg/kg) in red beetroot.

Locality Variety TPC (mg/kg)
Renova 1280.56 £28.78 ¢
Slia¢
Monorubra 1023.21 £28.64 b
Renova 1139.82 £35.96 ¢
Zohor
Monorubra 988.66 +4591 b
Renova 820.10 £37.57 a
Sihelné
Monorubra 1201.60 +£18.62 d
HD 95% 50.0487
HD 99% 68.5709

LSD Test on the significance: a: <0.05

1400

1200
1000 -
800 -
600 -

TPC (mg/kg)

400 -
200 -

Slia¢ Zohor

HRenova

® Monorubra

Sihelné

Figure 1 The content of total polyphenols (mg/kg) in red beetroot.
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Table 5 Average values of antioxidant activity (% inhibition) in red beetroot.

Locality Variety AOA (% inhibition)
. Renova 28.43 £0.90 e
Slia¢ Monorubra 25.48 +0.58 d
Renova 24.03 £0.77 ¢
Zohor Monorubra 22.85+0.74 b
. ) Renova 19.63 £0.90 a
Sihelné Monorubra 29.82 +0.55
HD 95% 1.12856
HD 99% 1.54622
LSD Test on the significance: a: <0.05
35
30
E 25 -
=2
= 20 ~
£ B Renova
S 15 - B Monorubra
<
=)
< 10 -
5 -
0 -
Slia¢ Zohor Sihelné

Figure 2 Values of antioxidant activity AOA (% inhibition) in red beetroot.

The above our values showed that the highest value of
antioxidant activity in the case of variety Monorubra was
in samples from Sihelné (29.82%), followed by red
beetroot from Sliac (25.48%) (Figure 2). In this variety we
recorded the lowest value of antioxidant activity in
beetroot from locality of Zohor (22.85%). In the case of
variety of Renova we determined the highest value of
antioxidant activity in samples from area of Slia¢
(28.43%), followed by beetroot from Zohor (24.03%) and
Sihelné (19.63%). The difference between the highest and
lowest parameter of antioxidant activity in variety of
Renova was 8.8% and in variety of Monorubra was 6.97%.

CONCLUSION

The present paperwas focused on the content of total
polyphenols and antioxidant activity in red beetroot. The
results suggest that red beetroot contains higher amount of
polyphenolic substances. Red beetroots are grown as
vegetable rich in minerals and microelements substances.
It is also a rich source of health promoting biologically
active compounds (polyphenols, flavonoids, anthocyanins,
dark red betaine, choline and organic acids). Values of

polyphenolic compounds contained in red beetroot are
quite variable. The content of total polyphenols and
antioxidant activity in red beetroot may be influenced by
variety, growing and postharvest conditions. The content
of chemoprotective compounds may by affected also by
agrochemical composition of the soil for example content
of nutrients, humus and climatic condition. The results
obtained in this work provide futher information about of
the content of total polyphenols and antioxidant activity in
red beetroot.
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THE EFFECT OF PATERNAL BULL ON MILK FAT COMPOSITION
OF DAIRY COWS DIFFERENT BREEDS

Katarina Kirchnerovda, Martina Vrskovd, Jan Huba

ABSTRACT

Intake of milk fat in human nutrition is important because of unsaturated and especially essential fatty acids (FAs), linoleic
and o-linolenic acid, and conjugated linoleic acid (CLA), which is found only in meat and milk of ruminants. The objective
of our study was to investigate the effect of paternal bulls on fatty acids composition in milk fat of dairy cows of different
breeds. The milk samples were taken in total from 299 dairy cows from 11 dairy farms. In experiment Holstein
(H, n=105), Red Holstein (R, n = 120) and Pinzgau (P, n = 74) breeds originated from different bulls were used. Individual
milk samples were analyzed for fatty acids in milk fat using gas chromatography (apparatus GC Varian 3800, Techtron,
USA), using FID detector in capillary column Omegawax 530; 30 m. In the chromatography records there were identified
54 fatty acids inclusive of particular isomers. Their relative proportions were expressed in percent's (%). Among the studied

breeds, the highest content of conjugated linoleic acid (CLA) — 0.67%, essential FAs (EFA) — 2.98%, monounsaturated FAs

(MUFA) — 25.84% and the lowest atherogenic index (AI) — 3.10 was at breed P. Within this breed there was high
variability and daughters of bull COS1 achieved significant above-average values of CLA content 1.07%, EFA 3.71%,
MUFA 29.93% and under breed average Al = 2.40. The group of daughters of NOB3 was significant lower in CLA, 0.50%
as compared with an average of P breed. . From the breed H bull MTY2 showed significantly higher value of 0.62% CLA,
EFA 3.42%, 34.29% MUFA and lower value of Al, 1.9 as compared to H breed average. Statistically significantly lower
levels of CLA 0.29% and 21.46% MUFA and higher Al 3.72 in milk fat of his daughters, bull STY3 may be considered as
potential worser of these properties. At the breed R bull MOR506 showed in compar to the breed average significantly
higher value of the EFA 3.80% and also the higher content of CLA 0.50% and MUFA 25.09%, resulting in statistically
significant lower Al = 2.91. Bull MORS506 could be considered as potential improver of milk fat composition. The above
described variability in the composition of milk fat of dairy cows and the subsequent relationships between these values
suggest that the selection of the bull according to the fatty acid composition of milk fat may be considered.

Keywords: cow; milk; fatty acid; paternal effect; bull

evaluate this regard at breeds reared in Slovakia. Capps et
al. (1999) described the Jersey breed cows that produce

INTRODUCTION

In recent decades, the intake of milk fat in human

nutrition considered a negative factor in relation to
cardiovascular disease. The content of saturated acids
C12:0, C14:0 and C16:0 is usually expressed in the
so-calculated atherogenic index (AI). But the intake of
milk fat in human nutrition is important because of
unsaturated and especially essential fatty acids (EFA),
linoleic and a-linolenic acid, and especially conjugated
linoleic acid (CLA), which is found only in meat and milk
of ruminants. Detailed examination brought knowledge of
bioactive components in milk fat, which has a beneficial
effect on the human body. In particular, the
polyunsaturated fatty acids (PUFA) regulate the function
of cell membranes and serve as precursors of bioactive
mediators. Health effects of EFA are gaining prominence
within the latest medical research, thus recognizing the
importance of milk fat in the human diet. The latest
research confirms, besides of nutrition of dairy cows, the
importance of genetic effects on the composition of fatty
acids in milk fat, and therefore consider it necessary to

lower levels of conjugated linoleic acid (CLA) than
Holstein when they were fed complete feed mixture with
the addition of hay. By Palmquist et al. (1993) Holstein
dairy cows produce 8 — 42% more short to medium chain
fatty acid (C6:0 - C14:0), compared to the Jersey. Jersey
dairy cows produced 13% more stearic acid (C18:0) and
less oleic acid (C18:1). Hanu$ et al. (2008) found
insignificant differences (p >0.05) between breeds Czech
Pied and Holstein, where SAFA 63.97 < 65.80% and
unsaturated fatty acids (USFA) 34.62 > 32.87%. In CLA
content there was a clear difference 0.80 > 0.55%
(p <0.05). Samkova et al. (2012) in comparison of two
breeding groups of individual milk samples (Czech
spotted, n = 78; Holstein, n = 86) found a difference in the
representation of lauric acid (C12:0, 4.69 > 4.42%) and
palmitic acid (C16:0, 32.75 < 34.1%, p <0.05), and no
significant differences in the C18 acids. An interesting
difference (close to statistical significance) was found for
the representation of health desirable CLA (0.42 > 0.38%).
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The mentioned dependence shows that the use of selection
for the desired change in the composition of fatty acid
profile of milk fat could be possible. Higher organisms are
able to incorporate double bonds in molecule by means of
dehydrogenating enzyme system and reactions of chain
growth (Jenkins and McGuire, 2006). Soyeurt (2010)
deals with assessing the breeding value of 1993 bulls
based on data corresponding to the number of their
daughters (measured by a fast method FTMIR) and states
that the heritability of saturated fatty acids (SAFA) and
monounsaturated fatty acids (MUFA) were 44% and 22%,
which means that there exists the variability needed for the
development of selection in order to improve the
nutritional quality of milk fat.

The objective of this paper is the study of the
composition of milk fat of dairy cows of different breeds
in Slovakia and to analyse the potential genetic impact of
bull's sire on the content of medically important milk fatty
acids in the milk of their daugthers.

MATERIAL AND METHODOLOGY
The milk samples were taken from 299 dairy cows from
11 dairy farms. In the experiment primiparous Holstein

(H, n = 105), Red Holstein (R, n = 120) and Pinzgau (P,
n = 74) breeds originated form differend bulls were used.
The dairy cows were at first lactation on different number
of days in milk evenly distributed in the interval of
10 — 111 days. The milk was sampled from the whole
amount of milked milk at regular milk recording
performed by The Breeding Services of the Slovak
Republic.

Milk fat of individual milk samples was analyzed for
fatty acid composition. Milk fat was isolated from
lyophilised milk samples by extraction in petroleum ether
according to Rose-Gottlieb, then it was re-esterified by
methanol potassium hydroxide solution, and methyl esters
of fatty acids were extracted by hexane. Methyl esters of
fatty acids were analysed by gas chromatography
(apparatus GC Varian 3800, Techtron, USA), using FID
detector in capillary column Omegawax 530; 30m.
Irregular temperature gradient from 40 to 240 °C, injection
and detection at 250 °C were used. Nitrogen flow rate was
6 ml.min"! (Samkova et al. 2009). In the chromatography
records were identified 54 fatty acids inclusive of
particular isomers. Their representation was expressed
relatively in percentage of peak areas (%). Groups of fatty

Table 1 The average values (%) of daughters groups of bulls Pinzgau breed

n bulls X Sx p-value
CLA
8 COS1 1.07 0.42 0.0298
74 X 0.67 0.23
8 LOZ2 0.66 0.20 0.9048
10 SBA1 0.62 0.16 0.4757
10 NOB3 0.50 0.15 0.0086
EFA
8 COS1 3.71 1.11 0.1064
10 SBA1 2.99 0.77 0.9527
74 X 2.98 0.84
8 LOZ2 2.90 0.71 0.7661
10 NOB3 2.88 0.53 0.6231
MUFA
8 COS1 29.93 4.60 0.0415
74 X 25.84 3.44
10 SBA1 25.77 2.29 0.9294
8 LOZ2 24.79 3.91 0.4888
10 NOB3 24.33 2.37 0.1022
Al
8 LOZ2 3.39 0.79 0.3475
10 NOB3 3.26 0.45 0.3675
74 X 3.10 0.56
10 SBA1 2.96 0.46 0.4120
8 COSl1 2.40 0.70 0.0246
Volume 9 85 No. 1/2015
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acids and their abbreviation as well as calculated
atherogenic indexes (Al) were created according to
traditional structural chemical and nutrition criteria in line
with works given in References. The analytical data were
assessed professional statistical software SAS version 9.2
(SAS 2002) module in SAS STAT. For statisitic
evaluation of the bull effect only bulls with higher number
of daughters were used.

RESULTS AND DISCUSSION

The evaluation of the content of medically significant
fatty acids and their groups was made with respect to the
bull of the monitored cows. In order to assess the
possibility of genetic influence on the composition of fatty
acids in milk fat of dairy cows we evaluated groups of
cows according to their bull in comparison with the results
of the whole group of cows of the some breed. As the
healthiest important, we evaluated the content of positive
CLA, EFA, MUFA and on the opposite, the Al, which
relatively high value is undesirable.

Pinzgau breed (Table 1)
Essential fatty acids (EFA) were the highest in the milk
of P breed (2.98%). Of these, the most nutritionally

important conjugated linoleic acid (CLA) had among
studied breeds significantly highest proportion in milk of P
breed (0.67%). It is believed that the establishment of
heritability is related to the extension of the ruminal
trans-11 C18: 1 and a lower rate of cis-9, trans-11 CLA,
and to the amount and activity of the delta9-desaturase in
mammary tissue (Kelsey et al., 2003). Medrano et al.,
(1999) revealed a difference between breeds in the enzyme
activity of stearyl-CoA desaturase, which oxidizes the
palmitic (C16:0) and stearic (C18: 0) acid to palmitoleic
(C16:1) and oleic (C18:1) acid and acts in the production
of CLA.

The highest average CLA content among the studied
breeds showed P breed (0.67%). In the context of this
breed as a statistically significant higher value (p <0.05)
can be evaluated the average value of the daughters of the
bull COS1 1.07%, where there were 8 observations. Since
the P breed had the highest content of CLA in milk fat
among all studied breeds there were even daughters groups
with values that were lower than the breed average of
favorable results than in other breeds. The daughters of
these bulls had relatively high levels of CLA in milk fat
(LOZ2 0.66%, 0.62% SBA1). NOB3 was from an average

Table 2 The average values (%) of daughters groups of bulls Holstein black pied breed.

n bull X Sz p-value
CLA
10 MTY2 0.62 0.17 0.0028
22 LUS521 0.47 0.11 0.0939
106 X 0.41 0.19
7 STY3 0.29 0.05 0.0002
9 WEL2 0.21 0.05 0.0000
EFA
10 MTY2 3.42 0.64 0.0069
7 STY3 2.77 0.34 0.6790
22 LUS521 2.76 0.45 0.6694
106 X 2.71 0.62
9 WEL2 2.37 0.43 0.2376
MUFA
10 MTY2 34.29 3.50 0.0000
106 X 25.66 5.75
22 LUS21 25.15 3.32 0.5759
9 WEL2 24.25 6.07 0.8302
7 STY3 21.46 1.29 0.0000
Al
7 STY3 3.72 0.32 0.0014
9 WEL2 3.39 0.99 0.9199
106 X 3.11 0.84
22 LUS521 3.05 0.53 0.6516
10 MTY2 1.93 0.31 0.0000
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Table 3 The average values (%) of daughters groups of bulls Red Holstein breed.

n bull X Sz p-value
CLA
7 MORS506 0.50 0.14 0.5409
10 BS46 0.49 0.11 0.9896
7 BW8 0.47 0.11 0.1145
6 KOBS505 0.46 0.12 0.3063
120 X 0.43 0.10
7 MES1 0.40 0.08 0.7094
10 ZAK1 0.34 0.07 0.8351
EFA

7 MORS506 3.80 0.54 0.0015
7 BW8 2.97 0.41 0.1770
7 MESI1 2.94 0.49 0.3178
10 BS46 2.82 0.29 0.3964
120 X 2.73 0.53

10 ZAK1 2.44 0.37 0.0425

6 KOB505 2.43 0.23 0.0203

MUFA

7 MORS506 25.09 2.52 0.5794
10 BS46 24.80 3.55 0.8007
10 ZAK1 24.72 5.57 0.9078
120 X 24.50 3.57

7 BW8 24.22 1.41 0.6632

6 KOB505 22.52 1.74 0.0375

7 MES1 22.00 1.65 0.0055

Al

7 MESI1 3.72 0.30 0.0097

6 KOB505 3.64 0.38 0.0930
10 ZAK1 3.45 1.10 0.6980
10 BS46 3.36 0.65 0.8390
120 X 3.31 0.69

7 BW8 3.18 0.24 0.2470

7 MORS506 291 0.40 0.0393

of P breed statistically significant ( p <0.01) lower in CLA,
0.50%. Within this breed NOB3 seems to be worser of this
feature, but even this value is higher than the mean values
of breeds with low CLA.

The highest content of essential fatty acids (EFA) showed
P breed, 2.98%. Bull COS1 showed a group of eight
daughters with an average 3.71%. Bull NOB3, which had
the lowest value of CLA seems also at EFA (2.88%) to be
a worser within a breed, but compared breeds H and R has
a higher content of EFA.

In group of dauthers of the same bull COS1, the highest
content of MUFA was found out, as it was mentioned
above for CLA and EFA. Daughters of bull COS1 showed

statistically significant ( p <0.05) higher MUFA content of
29.93% than average value of the P breed 25.84%.
Conversely, COS1 daughters had statistically significant
(p <0.05) lower Al (2.40) as the average of the P breed
(3.10). NOBS3 bull whose daughter had a lower content of
CLA, EMC and MUFA was compared to the breed
average higher ranked Al (3.26).

Holstein black pied — H breed (Table 2)

H breed showed low average CLA content of 0.41% as
compared with P breed (a similar value as observed by
Hanus$ et al. (2008) and Samkova et al. (2012)), 2.71%
EFA, MUFA 25.66% and average Al = 3.11. Daughter of
the bull MTY2 had significantly higher value of 0.62%
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CLA, EFA 3.42%, 34.29% MUFA and lower (p <0.0001)
value of Al, 1.93 as compared to average value.
Statistically significantly lower levels of CLA 0.29%
(p <0.005) and 21.46% MUFA (p <0.0001) and higher Al
3.72 (p <0.005) in milk fat of daughters could indicat a
bullSTY3 as a potential worser of these properties.

Red Holstein — R breed (Table 3)

R breed showed lower content of CLA 0.43%, EFA
2.73% and MUFA 24.50% and the highest average
Al = 3.31 as compared to the average breed P. Each
component about the same level with the H breed. Bull
MORS506 had higher value of the EFA 3.80% (p <0.005)
and also the higher content of CLA 0.50% and MUFA
25.09% as compared to the breed average, resulting in
statistically significant (p <0.05) lower Al = 2.91. It puts
bull MORS506 in to the role of potential improver. Soyeurt
(2010) stated that the heritability of SAFA and MUFA
were 44% and 22%, which means that there exists the
variability needed for the development of selection in
order to improve the nutritional quality of milk fat.

Bulls KOB505 and MES1 who had statistically
significant higher Al than the breeds average (3.64, p <0.1,
respectively 3.72, p <0.01), had statistically significant
lower content of MUFA (22.52%, p <0.05, respectively.
22.00%, p <0.01) while the CLA and EFA content was
different from the mean relatively little. These results sort
bull KOB505 and MES] to potential worserer of milk fatty
acids composition.

CONCLUSION

Analysis of the bulls on the basis of their daughters
suggests that the genetic influence on the composition of
milk fat is applicable and could not be excluded. It would
be appropriate to evaluate the impact of fathers using exact
genetic methods. These results indicate that it was possible
to find such bulls who have a positive effect on properties
of the milk fat. Among the studied breeds, the highest
content of conjugated linoleic acid (CLA) — 0.67%,
essential FAs (EFA) — 2.98%, monounsaturated FAs
(MUFA) — 25.84% and the lowest atherogenic index
(AI) — 3.10 was found out at P breed. Within this breed
there was high variability and daughters of bull COSI
achieved significant above-average values of CLA content
1.07%, EFA 3.71%, MUFA 29.93% and under breed
average Al = 2.40. The group of daughters of NOB3 was
from an average of P breed statistically significant lower in
CLA, 0.50%. From the H breed bull MTY2 showed
compared to H breed average significantly higher value of
0.62% CLA, EFA 3.42%, 34.29% MUFA and lower value
of Al 1.9. Statistically significantly lower levels of CLA
0.29% and 21.46% MUFA and higher Al 3.72 in milk fat
of his daughters, bull STY3 may be considered as potential
worser of these properties. At the R breed bull MOR506
showed significantly higher value of the EFA 3.80% and
also the higher content of CLA 0.50% and MUFA 25.09%,
as compared to the breed average resulting in statistically
significant lower Al = 2.91. It considers bull MOR506 in
to the role of potential improver of milk fat composition.
The above described variability in the composition of milk
fat of dairy cows and the subsequent relationships between

these values suggest that the selection of bulls according to
the fatty acid composition of milk fat may be considered.
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ACRYLAMIDE CONTENT AND ANTIOXIDANT CAPACITY IN THERMALLY
PROCESSED FRUIT PRODUCTS

Kristina Kukurova, Oana Emilia Constantin, Zuzana Dubova, Blanka Tobolkova,
Milan Suhaj, Zografia Nystazou, Gabriela Rapeanu, Zuzana Ciesarovad

ABSTRACT

Acrylamide as a known processing contaminant was determined in various heat-treated plum products purchased from
a local market using LC/ESI-MS-MS. The highest level of acrylamide in the range up to 60 pg/kg was detected in a plum
stew known as a “povidla®, and in prunes, respectively. These products typically undergo intensive heat treatment that may
take from several hours to days. Using a fruit dehydrator in home production of prunes, a low level of acrylamide under
LOQ (15 pg/kg) was detected in comparison to most commercial products. Only in one of the prune samples from
the market was the acrylamide content near to LOQ. The highest content of acrylamide (46 pg/kg) was detected in the
Slovak sample of prune originated in Nitra region. High acrylamide content, in the range from 23 to 45 ng/kg, was observed
in prunes from South America. In the rest of analysed heat-treated plum products such as plum juice, plum compote or baby
food with plum puree, acrylamide was not detected due to moderate conditions during thermal processing: temperature
below 120 °C and a shorter time of thermal exposure. The total phenolic content and antioxidant capacity of prunes were
analysed using a UV-VIS-NIR spectrophotometer and an electron paramagnetic resonance (EPR) spectroscopy. Home-
prepared prunes were characterized by the highest content of phenolics (4780 mg GAE/kg) and antioxidant capacity
(14.6 mmol TEAC/kg). Commercial samples of prunes reached phenolics in the range from 1619 to 3461 mg GAE /kg, and
antioxidant capacity was observed between 6.1 and 12.1 mmol TEAC/kg. Antioxidant capacity of prunes strongly
correlated with total phenolic content and yellow and red colours measured in a CIELab system. However, no significant
correlation between the acrylamide and antioxidative or organoleptic properties of prunes was observed. Moreover, it was
noticed that bio production of plums did not demonstrate any positive impact on final acrylamide content or antioxidant

capacity in comparison to conventional technology.

Keywords: acrylamide; fruit; thermal processing; antioxidant capacity

INTRODUCTION

Thermal processing is frequently used in food
manufacturing to obtain safe products with prolonged
shelf-life and has a strong impact on the final quality of
products. One of the purposes of thermal input is to
improve the sensory properties, palatability and to extend
the intensity of colour, tastes, aromas and textures of food.
However, undesired effects due to various chemical
reactions being Maillard reaction, caramelization and lipid
oxidation are the most prominent (Capuano and
Fogliano, 2011). On the other hand, it is well known that
some substances arising from the heating processes can
play a positive role on human health. Many neo-formed
compounds  showing  antioxidative,  antimicrobial,
antiallergenic effects or modulation activity in vitro have
been observed (van Boekel et. al., 2010). In addition to
these positive effects, some detrimental consequences of
thermal processes must be carefully evaluated, such as the
loss of thermolabile compounds (vitamins, essential amino
acids - lysine, tryptophan) or the formation of undesired
tastes and off-flavours. Moreover, a major concern arising
from heating processes comes from the formation of

compounds that are not naturally present in foods, but
which may develop during heating or preservation
processes and which reveal harmful effects such as
mutagenic, carcinogenic and cytotoxic effects known as
neo-formed contaminants. Well-known examples of these
compounds are heterocyclic amines, nitrosamines,
polycyclic aromatic hydrocarbons (Knize et al., 1999) and
recently discovered acrylamide with a high toxicological
potential.

Acrylamide is formed during thermal processing of many
types of foods. The highest acrylamide levels have been
found in fried potato products, bakery wares and coffee
(Ciesarova, 2013). Acrylamide levels in food monitored
between 2007 and 2010 have been compiled by the
European Food Safety Authority (EFSA) in the Scientific
Report (EFSA, 2010 and 2012). On the basis of
investigation results obtained during 2011 and 2012, and
on the basis of the monitoring results obtained pursuant to
Recommendations 2007/331/EC and 2010/307/EU, it was
appropriate to modify certain indicative values provided
for in the Annex to the Commission Recommendation
2013/647/EU. However, acrylamide has been found in
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food products other than those listed in the report of EFSA
such as hazelnuts, almonds, olives or dried fruits (Amrein
et al.,, 2007). Due to a lack of relevant information in
literature and databases, the presented study focused on
acrylamide analysis in thermally processed plum products
available on the local market and consequently in
correlation with beneficial properties of thermally
processed fruit such as total phenolic content and
antioxidant capacity.

MATERIAL AND METHODOLOGY

Samples of various thermally processed fruit products
produced from plum (Prunus domestica) were purchased
from a local market in the Slovak Republic with focus on
dried plums (prunes) and plum stew, moreover in juice,
compote and baby food.

A total of 8 samples of prunes with various origin were
analysed listed in detail in Tab. 1. Three samples of
traditional plum stew known as 'povidla’ produced by
different companies from the Czech Republic and the
Slovak Republic (represents one sample with declared 5%
content of apples), plum compote (halved, pitted,
sterilized) produced in Hungary, plum juice with 25% of
fruit juice content (from plum puree and plum juice
concentrates) originated in Austria, two samples of baby
food with various content of plums (80% plums, 20%
apples) from the Czech Republic, and baby food originated
from Hungary with 50% plum content and with declared
bio-production and starch addition.

Samples were collected for acrylamide and colour
analysis and further evaluations of total phenolic content
and antioxidant capacity.

Acrylamide determination

Acrylamide (ACR) was extracted from samples into
water and pre-extracted into ethylacetate with an internal
standard  D3-acrylamide  addition according to
Bednarikova and Ciesarova (2012) and Ciesarova et al.
(2009). Acrylamide was analysed by LC/ESI-MS-MS
using an HPLC system 1200 Series (Agilent Technologies,
USA) with positive electrospray ionization (ESI+) and
mass spectrometer 6460 Triple Quad detection with LOQ
of 15 pg/kg. The analytical separation was performed on
Atlantis dC18 column (100 mm x 2.1 mm, 1.8 um particle
size; Waters, Milfor, MA, USA) using isocratic mixture of
1 % of methanol and 0.2 % of glacial acetic acid in water
at flow rate 0.4 ml/min at ambient temperature.

Total phenolic content and antioxidant capacity

Prune sample was mixed with 50% ethanol
(1 h, 200 rpm), centrifuged (10 000 rpm, 10 min, 20 °C)
and appropriately diluted.

Total phenolic content in prune samples was determined
by Folin-Ciocalteau method (Singleton et al., 1999) and
expressed as an equivalent of gallic acid (GAE, mg/kg).
UV-VIS-NIR spectrophotometer UV-3600 (Shimadzu,
Japan) was used.

Antioxidant capacity was measured by an EPR
spectroscopy and the results were expressed as Trolox
equivalent using a standard solution of ABTS cation
radical (TEACgrs™) according to (Polovka et al., 2010).

Colorimetric Analysis
Measurement of product colour was carried out using a
UV-3600 spectrophotometer (Shimadzu, Japan) in

reflectance mode with 10° Observer, D65 Illuminant and
wavelength range 380 — 780 nm. CIELAB parameters L',
a’, b" were collected and a hue angle as an attribute of

a visual sensation was calculated according to the formula

b *

Hue = tan™! (—)

a *

Statistical Analysis
All results presented are means of three replicates along

with standard deviations. Correlation coefficients were
determined between colour parameters, antioxidant
capacity, phenolic compounds and acrylamide content.

RESULTS AND DISCUSSION

Acrylamide content in thermally processed fruit products
are not restricted till now by the law, however the
European Commission have proposed an indicative value
of acrylamide for baby foods of 50 pg/kg, and for products
containing prunes of 80 pgkg, respectively (EC
Recommendation, 2013). In our study, acrylamide
content below LOQ (<15 pg/kg) was detected in the
products of plum juices, canned sterilised plum products
and baby food in general. On the other hand, a significant
content of acrylamide was detected in plum stew and
prunes which were consequently subjected to further
deeper study focused on an evaluation of beneficial
properties and correlations with visual parameters
measured in a CIELab system.

Acrylamide content in plum stew

The highest content of acrylamide was detected in
traditional stew prepared from plums known in Czech,
Slovak or Polish market as a ‘povidla’. This type of
product produced by traditional technology is
characterized with dark colour and a very thick
consistency that is most suitable as a filling of dumplings.
Traditional 'povidla' is prepared by long term boiling
without any addition of sugar or other additives from ripe
fruits, harvested as late as possible, ideally after the first
frosts, in order to ensure they contain enough sugar. For
this moderate thermal treatment the authentic samples of
plum stew were characterized by presence of acrylamide in
concentration of 60 pg/kg +5 pg/kg (data not shown). On
the other hand, acrylamide content in the commercial
sample of plum stew with declared 5% addition of apples
was not detected.

Acrylamide content in prunes

Similarly to plum stew also prunes are typically processed
by heat treatment, therefore in this type of plum products a
significant acrylamide content was determined in
concentrations comparable to plum stew. The drying
process of prunes is intensive and slow, taking a long time
to complete, up to 35 hours, depending on the drying
conditions (Sabarez, 2012).
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Table 1 Acrylamide, total phenolic compounds, antioxidant capacity and colour evaluation of prune samples.

Acrylamide Antioxidant Total phenolic
Origin Production content activity content L' a’ b Hue
(ug/kg) (mmol TEAC/kg) (mg GAE/kg)
Slovak Republic Home <LOQ 14.6 £0.2 4780 £76 - - - -
Slovak Republic Conv. 46 +4 6.1 0.1 2599 +£34 69 3.6 32 415
France Conv. <LOQ 6.3 £0.1 1997 £12 72 3.0 24 391
Turkey Conv. 19 +3 11.5+0.3 3385 +75 74 1.9 1.3 336
USA Conv. 45 2 9.2+0.1 3461 =14 71 4.2 47 482
Argentina BIO 36 £2 12.1 £0.1 3426 +£21 68 4.6 4.8 46.4
USA BIO 3343 7.0£0.1 2503 +34 64 2.8 1.2 234
Chile Conv. 23 +2 6.4 +0.3 1619 +45 73 34 3.0 409
Table 2 Correlation analysis.
Acrylamide Antioxidant Total phenolic
content activity content L* a* b* Hue
(ug/kg) (mmol TEAC/kg) (mg GAE/kg)
1

0.1431 1

0.4816 0.8388 1

0.5163 -0.2392 -0.2123 1

-0.3471 -0.7267 -0.4777 -0.2667 1

-0.2299 -0.7458 -0.5061 0.0253 0.9442 1

0.0148 -0.7686 -0.5378 0.4037 0.7533 0.9131 1

Results of acrylamide analysis of a sample of prunes the common fruits and vegetables (Stacewicz-

obtained from the local market and a sample of home-
prepared prunes using a kitchen dehydrator are
summarized in Table 1. The lowest acrylamide content
was determined in domestically prepared prunes as well as
in the product of European origin (France) in concentration
near to LOQ (<15 pg/kg). The rest of prune products
obtained from market contained acrylamide in the range
from 19 pg/kg (Turkey) to 46 ug/kg (Slovakia, obtained
from marketplace in Bratislava, produced in Nitra region).
Samples from South America were characterized by an
acrylamide content in the range from 23 to 45 pg/kg.
Higher acrylamide content led to an assumption of more
intensive heat treatment of raw material or other specific
technological procedure. Moreover, in prunes declared
with bio origin, the acrylamide content was 33 and
36 ng/kg, respectively. It can be concluded that
bioproduction declared on the packaging did not result in
lower acrylamide content.

Total phenolic content and antioxidant capacity of
prunes and their correlations

Prunes contain naturally high levels of fibre and have
been shown to have one of the highest antioxidant levels of

Sapuntzakis et al., 2001; Cantu-Jungles et al., 2014;
Jarvis et al., 2015). Aforementioned beneficial properties
of prunes expressed as antioxidant capacity and total
phenolic content are summarized in Table 1. Home-
prepared prunes were distinguished from commercial
samples by the highest content of phenolics
(4780 mg GAE/kg) as well as antioxidant capacity
(14.6 mmol TEAC/kg). Commercial samples of prunes
were low in both phenolics (from 1619 to
3461 mg GAE/kg) and antioxidant capacity (from 6.1 to
12.1 mmol TEAC/kg). Phenolics, commonly found in
fruits, have been reported to exhibit antioxidant activity
due to the reactivity of the phenol moiety, and have the
ability to scavenge free radicals (Donovan et al., 1998).
A correlation analysis presented in Table 2 pointed out that
antioxidant capacity of prunes strongly correlated with
total phenolic content (a correlation coefficient 0.8388).
However, acrylamide content as a potentially harmful
compound was not correlated with health beneficial
properties such as the total phenolic content or antioxidant
capacity of products (correlation coefficient 0.4816 and
0.5163, respectively).
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Colour of prunes and correlations with beneficial and
health hazardous compounds

Colour of prune samples obtained from market varied in
visual colour sensation expressed as a hue angle in the
range from 23.4 to 48.2. The hue value parameter was in a
good correlation with the antioxidant capacity of samples
(a correlation coefficient -0.7686). On the basis of
individual colour parameters measured in the CIElab
system it was observed that antioxidant capacity correlated
with redness (a") and yellowness (b") (correlation
coefficients of -0.7267 and -0.7458, respectively),
although not with colour saturation (L") (a correlation
coefficient -0.2392).

On the other hand, statistical analysis presented in
Table 2 did not show any significant correlations with
neither acrylamide content nor colour of the product (a
correlation of 0.0148 for hue angle), that excludes the
possibility of a visual estimation of the risk of acrylamide
formation in this type of product, which would be useful in
practice.

CONCLUSION

The significant content of acrylamide was analysed in
dried fruits from plums and plum stews in concentrations
up to 60 pg/kg. Acrylamide content was not detected in
thermally processed fruit products from plums, in sterilised
canned plums, plum juice or baby food. Acrylamide, as
a potentially harmful compound, was not correlated with
health beneficial properties such as total phenolic content
or antioxidant capacity of products.
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UTILIZATION OF CITRUS CROPS PROCESSING BY-PRODUCTS IN THE
PREPARATION OF TARHANA

Michal Magala, Zlatica Kohajdova, Jolana Karovi¢ova, Andrea Subovi

ABSTRACT

After processing of citrus fruits (e.g. lemon, orange, grapefruit, mandarin) for juice and essential oils production,
approximately 50% of the original fruit mass is left as waste material. Citrus crops processing by-products are valuable
components as they contain nutrients such as pectins, saccharides, carotenoids, some vitamins, minerals, polyphenols and
substances with antioxidant activity. Utilisation of these kind of side products in the recipe of various cereal product led to
enhancement of final product nutritional value and better sensory attributes as well as improvement of product functional
properties. In this work was studied the effect of orange and mandarin dietary fibre application at level 5 and 10% (w/w) in
tarhana preparation and the influence on tarhana fermentation process. Chemical analysis showed, that dietary fibre
preparations reached higher concentration of ash, fat and total dietary fibre compared to wheat flour. Wheat flour exhibited
higher moisture content and protein concentration than citrus dietary fibre preparations. Orange and mandarin dietary fibre
preparations showed higher values of water and oil absorption capacity, swelling capacity and least gellation concentration
compared to wheat flour. Application of fruit dietary fibre preparations to tarhana recipe caused a rapid decrease in pH from
4.70 — 5.02 to values 4.31 — 4.51 during fermentation process. Reducing saccharides served as an available source of energy
for fermenting microbiota and their concentration decreased from 24.5 — 32.8 to 2.2 — 0.2 g/kg after 144 h incubation.
Fermentation also led to lactic acid (1.67 — 2.09 g/kg) and acetic acid (1.91 — 2.53 g/kg) production as a consequence of
present microorganisms metabolic activity. Sensory evaluation of samples showed, that higher proportion of citrus dietary
fibre preparations (10%) negatively affected taste, odour, consistency and sourness. Among all prepared tarhana samples
with proportion of citrus dietary fibre preparation was the most acceptable tarhana with 5% of mandarin dietary fibre.

Keywords: fruit; dietary fibre; tarhana; fermentation

INTRODUCTION

Processing of citrus fruits (oranges, mandarins, etc.) in
the production of juices and essential oils constitute
approximately 50% of original whole fruit mass wastes.
This remaining product is mainly used as feed, however, it
also contains valuable nutritions such as pectins,
saccharides, carotenoids, some vitamins, minerals,
polyphenols and substances with antioxidant activity
(Braddock, 1995; Topuz et al., 2005). Fibre-rich by-
products may be incorporated into food products as
inexpensive, non-caloric  ingredients for  partial
replacement of flour, fat or saccharides, as enhancers of
water and oil retention and to improve emulsion or
oxidative stabilities (Elleuch et al., 2011).

Tarhana is cereal-based fermented product. It is prepared
from wheat flour, yoghurt and other ingredients. After
mixing of all ingredients the dough is formed, which
ferment 1 — 7 days at temperature 25 — 30 °C by using
lactic acid bacteria from yoghurt culture (Lactobacillus
bulgaricus, Streptococcus thermophilus) and yeasts
Saccharomyces  cerevisiae. ~ Tarhana is  usually
reconstituted with water and served as a hot soup generally
consumed at lunch and dinner (Erbas et al., 2006; Lar et

al. 2012; Sengun et al., 2009). Tarhana has an acidic and
sour taste with a strong yeasty flavor (Kaya et al., 1999).

Tarhana is very nutritive food because of nutritional
deficiency in wheat is mostly eliminated by yoghurt. Its
nutritional value is incerased and digestion is faciliated by
fermentation (Dalgi¢c and Belibagh, 2008). The protein,
polysaccharide and lipid components of tarhana are
subjected to partial digestion and hydrolysis by lactic acid
bacteria and yeasts during fermentation, resulting in a
product with improved digestive properties (Tamer et al.,
2007). Fermentation of tarhana also results in significant
increases of riboflavin, niacin, pantothenic acid and folic
acid contents (Bilgicli, 2009). Tarhana is also a good
source of calcium, iron, zinc as well as some other
minerals (Daglioglu, 2000).

The objective of this work was to prepare dietary fibre
preparations obtained from citrus crops (orange and
mandarin) and perform the determination of chemical and
functional properties of obtained dietary fibre preparations
and subsequently evaluate the suitablility of fruit dietary
fibre incorporation to the tarhana recipe and observe
fermentation process by determination of pH, reducing
saccharides, lactic and acetic acid concentrations as well as
sensory evaluation of final products.
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MATERIAL AND METHODOLOGY

Dietary fibre (DF) preparations were obtained from
orange (cultivar Valencia) and mandarin (cultivar
Clemenville) purchased from local markets. From the
cleaned citrus crops were separated inner part of peels
(albedo), which was subsequently dried for 6 days at
27 °C. Finally the peels were milled and sieved to obtain
400 pm particle size (Marin et al., 2007). The yoghurt
was laboratory prepared from bovine UHT milk, 3.5% fat
by using commercial yoghurt culture Lactoflora® and
incubated at 40 °C for 6 h. Tarhana samples (control and
samples with replaced a part of wheat flour with orange
respectively mandarin DF preparation at level 5 and 10%
w/w) were prepared according to recipe and method
Ibanoglu et al. (1995) and fermented for 144 h at 30 °C.

Within the chemical analysis of citrus DF preparations
and wheat flour was performed determination of moisture,
ash, fat and protein content from the total nitrogen content
determined by the Kjeldhal method and converted to
protein using a factor 6.25 (Kohajdova et al., 2014). Total
dietary fibre (TDF) content was determined by enzymatic-
gravimetric method according to Sun-Waterhouse et al.
(2010). Functional properties — water absorption capacity
(WACQC), oil absorption capacity (OAC), swelling capacity
(SWC) and least gelation concentration (LGC) were
determined according to Hayta et al. (2002) and
Raghavendra et al. (2004).

Fermentation process was observed by the determination
of pH using inoLab pH Level 2 apparatus (WTW,
Weilheim, Germany) (Ibanoglu et al., 1999). Reducing
saccharides were determined according to Schoorl. The
nonreacted Cu®” was determined after formation of Cu,0.
The KI was oxidized by CuSO, to I, that was determined
by titration with Na,S,0; (Kohajdova and Karovicova,
2005). The concentrations of lactic and acetic acids were
determined by capillary isotachophoresis method
according to Kohajdova et al. (2006) by using ZKI 01
apparatus (Villa Labeco, Spisskd Nova Ves, Slovakia)
equipped with conductivity detector and two line recorder
TZ 4200 (Laboratorni pristroje, Prague, Czech Republic).
Used electrolytic system for lactic and acetic acid analysis
had following composition: leading electrolyte 0.01 mol/L

HCI, counter-ion 6-aminocapronic acid, additive 0.1%
methylhydroxy-ethylcellulose, pH 4.25; terminating
electrolyte 0.005 mol/L capronic acid. Applied driving
current was 250 pA in the pre-separation column. Lactic
and acetic acids were in the samples identified according
to their RSH (relative step height) values and compared
with the RSH of lactic and acetic acids in standard
solutions. Quantitative analysis was performed by
calibration of standard solutions.

Sensory analysis of final products — tarhana soups was
carried out by 11 semi-trained panellists (between 22 and
25 years of age, 9 female, 2 male, all non-smokers),
informed about the preparation of samples, used raw
materials and with the methods of sensory evaluation.
Sensory evaluation was performed by using 7 point
hedonic scale (1=extremely unacceptable to 7=extremely
acceptable) and evaluate parameters were taste, odour,
consistency, acidity and overall acceptability (Erbas et al.,
2005; Bilgicli, 2009).

RESULTS AND DISCUSSION

Determination of chemical parameters (Table 1) showed,
that citrus dietary fibre preparations reached higher
concentration of ash, fat and total dietary fibre compared
to wheat flour. Wheat flour exhibited higher moisture
content and protein concentration than citrus dietary fibre
preparations. Comparable concentration of proteins in fruit
DF preparations also reported Yasar et al. (2007). The
content of TDF in both preparations exceeded 50%, what
is according to Figuerola et al. (2005) minimal criterion
for TDF concentration in DF preparations. Citrus dietary
fibre preparations showed higher values of water and oil
absorption capacity, swelling capacity and least gellation
concentration compared to wheat flour.

During tarhana fermentation was observed a decrease in
pH values (Figure la) from 4.70 — 5.02 to 4.31 — 4.51.
Ibanoglu et al. (1999) reported a decrease in pH values of
tarhana samples (control, sample without salt addition,
sample with double amount of added yoghurt and tarhana
prepared from whole wheat flour) from initial values of
4.7-5.2t0 4.3 —4.8 after 96 h fermentation at 30 °C.

Table 1 Chemical and functional properties of wheat flour and citrus dietary fibre preparations.

Parameter Fine wheat flour Orange dietary fibre Mandarin dietary fibre
Moisture (%) 11.39 +0.25 9.19 £0.08 9.11+0.70
Ash (%) 0.55 +0.00 2.76 £0.04 2.53 +0.01
Protein (%) 10.48 +0.15 3.66 +0.11 4.35+0.17
Fat (%) 1.54 £0.03 2.33 +£0.02 2.06 +£0.01
Total dietary fibre (%) 2.25+0.04 64.41 +£0.69 61.28 £0.57
WAC (g.g7) 3.20 +£0.04 5.82 +0.05 5.16 £0.09
OAC (g.g") 2.45+0.02 3.15+0.01 4.81 +0.02
SWC (cm’.g™) 2.51+0.07 10.87 £0.16 7.52 +0.10
LGC (%) 6.00 +£0.00 8.00 £0.00 8.00 +0.00

WAC/OAC — water/oil absorption capacity, SWC — swelling capacity, LGC — least gelation concentration
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Table 2 Sensory properties of tarhana samples.

Sample Taste Odour Consistency Sourness Overall acceptability

Control 7.0 £0.0 6.9 £0.1 7.0 0.0 6.8 £0.1 99.2 +£0.5
ODFP 5 % 6.7+0.2 6.8 +0.0 6.8 0.1 6.4+0.0 90.0 £1.8
ODFP 10 % 6.3 £0.3 5.7+0.2 5.1+0.3 5.4+0.1 87.2 1.1
MDFP 5 % 6.9 +0.0 6.8 £0.1 6.7+0.2 6.5+0.2 95.3+2.0
MDFP 10 % 5.9+0.1 5.5+0.1 53+0.2 59+0.2 84.540.8

ODFP — orange dietary fibre preparation, MDFP — mandarin dietary fibre preparation
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Figure 1 Changes in pH values (a) and concentration of reducing saccharides (b) during fermentation of tarhana,

ODFP — orange dietary fibre preparation, MDFP — mandarin dietary fibre preparation.
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Figure 2 Changes in lactic acid concentration during fermentation of tarhana samples, ODFP — orange dietary fibre

preparation, MDFP — mandarin dietary fibre preparation.
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Figure 3 Determination of acetic acid during fermentation of tarhana, ODFP — orange dietary fibre preparation, MDFP —

mandarin dietary fibre preparation.

Reducing saccharides are fermentable saccharides and
their concentration decreased with increasing period of
fermentation (Singh et al., 2013). The concentration of
reducing saccharides (Figure 1b) rapidly dropped in first
24 h of fermentation and in further process decreased
slightly or remains constant.

Characteristic products of lactic acid fermentation by
using lactic acid bacteria are lactic acid and acetic acid,
which lower pH value and thus inhibit undesirable and
pathogenic bacteria (Kohajdova and Karovicova, 2008).
The concentration of lactic acid (Figure 2) increased

during tarhana fermentation and at the end of the process
reached values in range 1.67 — 2.09 g/kg.

Determination of acetic acid (Figure 3) showed, that its
concentration gradually increased with advancing time of
fermentation and after 144 h reached values in range
1.91 — 2.53 g/kg. According to Sroka and Tuszynski
(2007) the production of organic acids during fermentation
depends on the concentration of available saccharides and
nitrogen sources as well as on the pH value.

Sensory evaluation of tarhana samples (Table 2) showed,
that higher amounts (10%) of added orange and mandarin
dietary fibre preparations negatively affected taste, odour,
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consistency and sourness. Among all prepared tarhana
samples with proportion of citrus dietary fibre preparation
was the most acceptable tarhana with 5% of mandarin
dietary fibre

CONCLUSION

Citrus dietary fibre preparations are valuable nutritive
components of citrus crops. Prepared dietary fibre
preparations obtained from orange and mandarin showed
high content of total dietary fibre (64.41 and 61.28%) and
higher concentration of ash and fat compared to wheat
flour. Wheat flour exhibited higher moisture content and
protein concentration than citrus dietary fibre preparations.
Citrus dietary fibre preparations reached higher values of
water and oil absorption capacity, swelling capacity and
least gellation concentration compared to wheat flour.

Application of prepared orange and mandarin dietary
fibre preparations to tarhana recipe led to significant
decrease in pH values during fermentation. Concentration
of reducing saccharides was reduced due to its utilization
as an available source of energy for fermenting
microorganisms. During fermentation was also observed
lactic acid and acetic acid production. Sensory evaluation
showed that higher amounts of added fruit preparations
negatively affected taste, odour, consistency and sourness.
The most acceptable among tarhana samples incorporated
with citrus dietary fibre preparations was by panelists
chosen tarhana with 5% proportion of mandarin dietary
fibre.
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IMMUNOFLUORESCENCE DETECTION OF MILK PROTEIN IN MEAT
PRODUCTS

Michaela Petrasova, Matej Pospiech, Bohuslava Tremlova, Zdeiika Javiirkovd

ABSTRACT

Nowadays there are various vegetable protein additives intended for the manufacture of meat products in the food industry.
These ingredients include both, plant-origin as well as animal-origin proteins. The most common vegetable additives
include various types of flour, starch, fiber and plant protein. Among animal proteins, the most commonly used are plasma,
collagen or milk protein. Milk protein is added to meat products due to its functional properties, such as emulsifying fats,
improving the holding capacity of meat, improving juiciness, gel-forming capacity and affecting the taste of the product.
Usage of these proteins, however, is currently limited by the effective legislation, not only in order to prevent consumer
deception, but also because of their potential impact on consumers’ health of. Thus, this issue has received considerable
attention not only in the Czech Republic, but also globally. The main risk is the impossibility of selecting a suitable
foodstuff for individuals with potential allergic reactions. The only option for allergic consumers to protect themselves is to
strictly exclude the given allergen from their diet. Although the number of studies dealing with the reduction or loss of
allergenicity is increasing, yet these practices are not common. Most of the population suffering from food allergies is thus
still dependent on strict exclusion of foodstuffs causing adverse allergic reactions from their diet. Detection of allergens in
foodstuffs is unfortunately quite difficult due to the fact that they occur in trace amounts and are often masked by different
parts of the foodstuff. This research dealt with the detection of milk protein in meat products purchased in the market
network of the Czech Republic, whereas declaration given by the manufacturer on the packaging for the small meat
products purchased from the market was used to verify the detection of milk protein by the immunofluorescence method. 20
products were examined, these were selected with regard to the presence of milk protein that was declared by the
manufacturer on the packaging. Method validation was performed by comparing the positive results from the investigated
method with information on the packaging of the meat product. Milk protein was detected in 84.62 per cent of samples
where the manufacturer declared the presence of milk or cheese on the package and additionally in 85.71 per cent of
samples where the manufacturer declared the presence of milk protein. The results show that the immunofluorescence
method is suitable for the detection of milk protein in meat products.

Keywords: immunohistochemistry; allergens; milk protein; fluorescence methods; meat products

INTRODUCTION

Protein formulations are frequently used in production
of meat products. From among plant-origin proteins, meat
products can thus contain e.g. wheat or soy protein. Of the
animal-origin proteins, they often contain plasma, collagen
or milk protein (caseinate, whey, powdered skim milk,
etc.) (Lopez et al., 2006). These proteins are added due to
their functional properties such as emulsification of fats or
improvement of holding capacity of meat. Milk proteins
are also involved in improving juiciness, gel-forming
capacity and affect the delicate flavor profile of the meat
product. All properties are perfectly compatible with the
meat systems. On the other hand, the best known milk
protein — casein — which constitutes about 80 per cent of
milk protein, is relatively expensive. Conversely, proteins
in whey, representing about 20 per cent of milk protein,
are more economical and provide good performance in
meat systems. Whey protein is primarily beta-
lactoglobulin, a globular protein that can be modified (its

structure can be changed) so that it changes the functional
behavior of proteins used in food industry (Lépez et al.,
2006).

On the other hand, milk protein is classified among food
ingredients, which are listed in Regulation 2011/1169/EC
as regards indication of ingredients present in foodstuffs.
Food allergy is an abnormal immune response to
foodstuffs (Bruijnzeel-Koomen et al., 1995). In this case,
one’s immune system responds inappropriately to the
stimulus provoked by the allergen, which can be a protein
or carbohydrate, for example (Ferguson, 1992). In
addition, food allergens contained in foodstuffs naturally
are resistant to high temperatures, low pH in one’s
stomach, and enzymatic digestion in the digestive tract
(Hefle et al., 2007). However, it has been reported that
there is no correlation between in vitro digestibility and
protein allergy (Fu et al., 2002). Allergies to specific
foodstuffs may in some cases exhibit also after ingestion
of food of similar origin, which is known as cross-reaction.
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This occurs when IgE antibodies originally produced
against one allergen are produced also upon contact with
a similar protein from another source (Aalberse et al.,
2001). Food allergies have become a major health problem
worldwide. Adverse health effects due to allergic reactions
to food products or food ingredients occur in about
1 per cent of population and in about 4 per cent of children
(including food intolerance). Food allergy is therefore
more common in children than in adults. In Central
Europe, typical allergies include allergies to egg, milk,
temperate-zone fruits, tree nuts, poppy seed, and root
vegetables; in the Asian continent critical is surprisingly
not rice, but rather highly allergenic soybean with its wide
range of products — at least 50 per cent of the Asian food
production is soy-based, the vast majority of other
foodstuffs is at least contaminated with traces of soybean
(Fuchs, 2008). In the United States, cow’s milk (2.5%),
eggs (1.3%), and peanuts (0.8%) are responsible for
allergic reactions in children. In contrast, in the adult
population the prevailing allergies include shellfish (2%),
peanuts (0.6%), nuts (0.5%), and fish (0.4%) (Sampson,
2004; Sicherer and Sampson, 2000). Cow’s milk, eggs,
soy, wheat, peanuts, tree nuts, fish, crustaceans, and
molluscs cause about 90 per cent of food allergies and are
also the primary foodstuffs causing anaphylaxis (Sicherer
and Sampson, 2000). Most food allergic reactions are
induced immediately after exposure to the allergenic
foodstuff. Even intake of a tiny amount of foodstuffs
containing allergens may cause allergic reactions in
sensitive individuals. It then includes a wide range of
allergic symptoms, such as digestive disorders, respiratory
problems, disorders of the circulatory system, and skin
irritation. In some individuals it can even lead to
anaphylactic shock (Schubert-Ullrich et al., 2009).

In order to avoid misleading consumers and also to
protect allergic consumers, analytical methods applicable
to all types of foodstuffs have been developed. Among the
available immunochemical methods, the Enzyme-Linked
Immunosorbent Assay (ELISA) is the most frequently
used method in laboratories to detect hidden allergens in
foodstuffs. ELISA methods are still being improved and
used in combination with other methods, as reported for
example in the study by Ben Rejeb et al., (2005).
Polymerase chain reaction (PCR) is a method used for
detection and quantification of DNA. This method is used
for detection or quantification of allergens in processed
foodstuffs where the DNA is generally more robust than
proteins and therefore it is less likely to suffer damage or
destruction during the processing of foodstuffs (Walker et
al., 2008). There are also other immunochemical tests, for
example Enzyme-Allergosorbent Test (EAST), followed
by Radio-Allergosorbent Test (RAST) and Dot
Immunoblotting which operate on a similar principle as
ELISA.

MATERIAL AND METHODOLOGY

20 cooked meat products that, in harmony with their list
of ingredients, should contain milk protein in various
forms, e.g. milk protein or milk in general or that were
marked: “May contain traces of milk protein”, primarily
sausages and pates purchased in the market network in the
Czech Republic, were examined. The selected detection

method was immunofluorescence microscopy as a method
more sensitive and selective than light microscopy. The
samples were taken in a manner to be representative of the
entire product. The samples were then processed in the
accredited laboratory for investigation of foodstuffs at the
Department of Vegetable Foodstuffs Hygiene and
Technology, FVHE, VFU Brno. Using cryostat HM 550
(Germany, Microm) the sample was sliced into sections 10
pm thick. These sections were transferred to Thermo
Superfrost slides (Germany, Thermo scientific). 9 sections
were cut of each meat product. Each sample was
constituted by three frozen blocks from which the
microscopic sections were cut with 50 pm trimming. The
selected detection method was immunofluorescence
microscopy as a method more specific and selective than
histochemical methods. The actual immunofluorescence
procedure was launched by inserting the sections into cold
acetone. After rinsing the preparations in PBS (phosphate
buffer saline) for 2 x 5 min., sections were placed in
humidified chamber in which blocking of nonspecific
bond wusing Goat diulent normal serum (GB,
VectorLaboratories) took place for 30 minutes.
Afterwards, biotinylated primary antibody of Rabbit Anti-
Beta-casein Polyclonal Antibody (USA, Bioss Antibodies)
was applied to the sections, the humidified chamber was
left in a refrigerator overnight. The next day, the sections
were rinsed in PBS (2 x 5 min.). Thereafter, the sections
were placed in the humidified chamber again and the
secondary antibody (GB, VectorLaboratories) was applied
to the sections for 30 min. at room temperature.
Subsequently rinsing in PBS (2 x 5 min.) and application
of fluorochrome followed. The fluorochrome used was
Texas Red (GB, VectorLaboratories). Afterwards, the
sections were mounted and examined using the
fluorescence microscope of Leica DM 3000 (Germany,
Leica) and further processed by Leica IM 50 software
(Germany, Leica). Thus, 9 sections from each meat
product was examined at a magnification of 40x and 100x.

RESULTS AND DISCUSSION

Milk protein was detected in 17 out of the total of 20 meat
products samples where the manufacturer declared the
presence of milk proteins or milk on the packaging. Cow’s
milk, wheat, eggs, soy, peanuts, tree nuts, fish,
crustaceans, and molluscs cause about 90 per cent of food
allergies and are also the primary foodstuffs causing
anaphylaxis (Sicherer and Sampson, 2000). In order to
protect consumers, FEuropean Commission adopted
Regulation 2011/1169/EC amending Directive 2000/13/EC
and Directive 2003/89/EC as regards indication of the
ingredients present in foodstuffs. Annex IIla of this
guideline contains a list of food ingredients and products
made from them, which are classified as potential
allergens that could lead to potential intolerance, among
these ingredients, is also milk (including lactose).
Directive 2003/89/EC requires that each of the twelve
described potentially allergenic ingredients is declared
although they form less than 25 per cent of the food. The
aim of the research was to verify the appropriate method
for determination of milk proteins in meat products.
Immunofluorescence method was selected as the
examination method.
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Table 1 Detection of milk protein in small meat products.

Milk, cheese Milk protein
Ingredients ) .
Declared by the Detected milk Declared by the Detected milk
manufacturer protein manufacturer protein
Number of samples 13 11 7 6
Percentage 100 84.62 100 85.71

Table 2 Meat products used for immunofluorescence detection.

Meat product Declaration Number of products Number of detection
hamburger milk protein content 2 2
frank modicum ofmilk protein 4 3
hotdog milk protein content 6 5
paté Milk protein content 8 7

Figure 1 Milk protein green and yellow — Texas Red (magnification 400 x).
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Detection was based on fluorescence which was achieved
by immunohistochemical procedure and staining using
fluorochromes. Immunohistochemical procedures are
generally based on the reaction between the allergen and
the corresponding labeled antibody (Petrasova et al.,
2014; Bednaiova et al., 2015). Binding of the labeled
antibody was evaluated in a fluorescence microscope with
a fluorescence filter I13. The examination was based on the
formation of a fluorescent color, which indicates a positive
reaction of the antigen with the antibody. To visualize milk
protein by staining, Texas Red fluorochrome was applied.
Fig. 1 shows a microphotograph of the milk protein, which
differs in color from the black background that is formed
by muscle, and other component of the meat product.
Hereby it possible to differentiate between the milk protein
and meat protein which is not fluorescent but black. We
compared the results obtained in our examination with the
information supplied by the manufacturer on the product
packaging. The values obtained in the milk protein
detection are given in Tab. 1. As apparent from this Table,
the fluorescence immunohistochemical method appears
suitable for determining milk protein in small meat
products. Out of 13 samples where the manufacturer had
declared the presence of milk or cheese, we detected milk
protein in 11 products. Additionally, 7 products where the
manufacturer directly declared the presence of milk protein
were examined. In 6 of these products, milk protein was
really detected. In one sample the presence of milk protein
was not detected, which could be e.g. because of mere
preventive warning on the package protecting the
manufacturer for example in the production process where
cross-contamination could occur, or because of
deactivation of the binding sites of milk protein during the
manufacturing process.

CONCLUSION

Cryosections were cut of each sample to be examined.
Texas Red was used as the fluorochrome due to minimal
background fluorescence. Immunofluorescence method for
the detection of milk protein was verified by examination
of 20 small meat products (Tab. 2) purchased from the
market network. Our results obtained in this pilot study
was compared with information on the packaging of the
product when milk protein was declared on 7 packagings
and general content of milk or cheese was stated on the
packagings of 13 manufacturers. In total, milk protein was
detected in 17 products. Out of that, in 11 products where
milk protein was directly declared on the packaging and in
6 products where contained milk or cheese was declared in
general. The results point to the possibility of using this
method for the detection of milk protein in meat products.
To use this method in practice, however, further validation
of the method in more parameters, such as repeatability
and reproducibility, is still necessary.
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OXIDATIVE STABILITY OF CHICKEN MEAT DURING STORAGE
INFLUENCED BY THE FEEDING OF ALFALFA MEAL

Jana Tkacova, Maria Angelovicova, Peter Ha$¢ik, Marek Bobko

ABSTRACT

The aim of our experiment was to determine the effect of the alfalfa meal component in feed mixtures of Ross broiler
chickens on oxidative stability of meat. Proportion of alfalfa meal in feed mixtures was 4 and 6%. The results were
compared to the control group without alfalfa meal in feed mixtures. At the end of the experiment (day 38), 6 pcs of broiler
chickens from each group with an average live body weight over 1 800 g were randomly selected. The samples for chemical
analysis consisted of identical proportion of breast and thigh muscle, and about 1 cm?” of skin with subcutaneous fat. Fat
from the meat was obtained after the samples drying. A fat was determined by extraction by means of laboratory instrument
Det N Gras Selecta P. The oxidative stability of meat on the basis of acid number of fat was determided by chemical
analysis. Chicken meat was stored at -18 °C for 12 months and 18 months. The acid number of fat of stored meat for
12 months was 7.38 mg KOH per g in the control group, 7.42 mg KOH per g in the group with a proportion of 4% alfalfa
meal, and 11.18 mg KOH per g in the group with proportion 6% alfalfa meal. An acid number of fat of stored meat for 18
months was 5.90 mg KOH per g in the control group, 4.65 mg KOH per g in the group with a proportion of 4% alfalfa meal,
and 7.07 mg KOH per g in the group with a proportion of 6% alfalfa meal. Chicken meat is notably sensitive to lipid
oxidation because of its high content of polyunsaturated fatty acids. Legislation in Title 5 of Part 3 of the Codex
Alimentarius of the Slovak Republic and the Government Regulation No. 286/2003 Coll. in the Annex 4 in Part B provides
the requirements for animal fats and meat products. Regulation of the European Parliament and Council (EC) No. 853/2004
lays down specific hygiene rules for food of animal origin. In particular, determination of free fatty acids content of
rendered animal fat (tallow, lard, other animal fat). Legislative regulation does not contain requirements for the quality of
chicken meat, the acid number of fat of fresh or frozen chicken meat, respectively. Chicken meat is preferred over other
kinds of meat. It is characterized by certain dietary and nutritional properties that consumer prefers. A price of this kind of
meat remains attractive. In terms of human health, oxidative stability of chicken meat is important, especially of stored
meat. In general terms, the various food additives are currently used to maintain the food stability. Great attention is
currently paid to additives of natural origin. Similar focus is presented in our study. We can state, on the basis of the
oxidative stability results of chicken meat, that natural feed component has its justification. This issue requires further
research.

Keywords: broiler chicken; alfalfa meal; stored meat; oxidation; acid number of fat.

INTRODUCTION
In recent years, poultry meat becomes more preferred

components are susceptible to attack by molecular oxygen
(Baggio, 2006). Poultry meat is in terms of dietary

food not only in Europe but especially in China, Brazil and
India. Consumption of poultry meat increased even in
Africa. If we compare global production of meat, total
poultry production nearly converges to total pork
production. According to forecasts, poultry production of
China will increase by 37% and ten times in India by 2020.
Its popularity is mainly due to the efficiency of fattening,
short time of fattening and because of small area for
breeding, relatively. Of course, even for dietetic properties
of poultry meat. Lipids have an important role in food
product quality, making them more desirable by improving
the organoleptic properties of flavour, colour and texture.
In addition, they confer nutritive value on the product,
constituting a source of metabolic energy, essential fatty
acids and fat-soluble vitamins. On the other hand, the lipid

properties and nutritional value very interesting because of
the high content of protein, minerals and vitamins and low
percentage of fat. Meat poultry contains an average of
19.7 to 22.3% of protein, 1.4 to 22.16% of lipid, 57 to
75.25% of water, 1.00 to 1.07% of ashes (Benkova, 2009).
The composition of the meat varies depending on the type
of animal, breed, gender, age and nutrition. Structure and
composition of muscle depends on the method of meat
processing, which affects biochemical, organoleptic and
technological properties of the meat (Pipek, 1998;
Brezina et al.,, 2001; Benkova, 2009). The biological
value of dietary fats is assessed as their digestibility,
content in fat-soluble vitamins, essential fatty acids,
cholesterol, and according to the proportion of each type of
fatty acids. The quality and type of fat affects the

Volume 9

No. 1/2015



Potravinarstvo® Scientific Journal for Food Industry

appearance, taste and especially energy and nutrient
content of food (Jurkovicova, 2008). The lipids are
presented in meat especially as fatty acid esters of
glycerol. They contain lipophilic vitamins, lipids, mainly
phospholipids, and essential fatty acids. The fats are rated
negatively for their high energy. Fat of meat influenced a
tenderness and fragility of meat (Ingr et al., 1993; Pipek
1995). Fat has an important role in the formation and in the
texture of meat. Fat is a source of energy and the fat also
affects tastiness properties of the meat (Pipek, 1991;
Pipek, 1998). Poultry fat contains higher amounts of
polyunsaturated fatty acids (PUFAs) than other fat of
animals for slaughter. PUFAs are responsible for a lot of
oxidative changes, for example as changes of organoleptic
properties and shelf life (Korimova et al., 2000; Turk et
al., 2000; Bou et al., 2001). Long chain polyunsaturated
fatty acids are conditionally essential nutrients for
adequate growth, development and function in humans
(Gill, 2012). Chicken meat had a lower proportion of
saturated (36.4 £3.6%; p <0.001) and a higher proportion
of PUFAs (21.3 +3.5%; p <0.001) (Almeida, 2006).
Because chicken meat has high content of PUFAs
(Botsoglou et al., 2002), is notably sensitive to lipid
oxidation. Thigh meat, as compared to breast meat, is
particularly vulnerable because of its higher fat content
(Jensen et al, 1998). Among them, omega-3 PUFAs
(0-3 PUFAs) have gained popularity due to their various
health promoting and diseases preventing attributes. For
example, ®-3 PUFAs are reported to be highly effective
against cardiovascular diseases, cancer and other metabolic
diseases (Wang, 2012; Gulhan, 2014). Long chain
®-3 PUFAs eicosapentaenoic and docosahexaenoic were
observed only in dark chicken meat (23.0 +3.0 and
14.0 £1.0 mg per 100 g (Almeida, 2006). The oxidation of
fats is one of the major problems in the meat industry due
to a decrease in quality flavor and loss of nutritional value
(Ladikos and Lougovois 1990; Ahn et al., 1992). Lipid
oxidation causes loss of nutritional and sensory values as
well as the formation of potentially toxic compounds that
compromise meat quality (Cortinas, 2005). Oxidation
leads to oxidative rancidity and involves oxygen attack on
glycerides whereas hydrolysis leads to hydrolytic rancidity
and it involves hydrothermal or enzymic (lipase)
hydrolysis to free fatty acids and other products. There are
some factors affecting the development of rancidity such
as the degree of unsaturation of the oils, heat, prooxidants,
light, certain enzymes (lipoxygenases), moisture content
and availability of oxygen (Ozogul et al., 2006).
Secondary oxidation products such as aldehydes, ketones
and esters, are responsible for the increased depreciation
and deviation from the natural flavors (Ladikos and
Lougovois, 1990). During storage maturation occurs in
deep frozen raw meat over time (Pipek, 1992). When the
meat is stored for a long time, maturing phase passes into a
deep autolysis. This action is undesirable. There is
degradation of the proteins on oligopeptides and amino
acids. Meat acquires an unpleasant taste and undergoing to
hydrolysis of fats (Kadlec et al., 2002). Oxidation might
also play a role in controlling proteolytic activity of
enzymes and could be linked to meat tenderness. The
oxidative stability of meat depends upon the balance
between anti- and pro-oxidants, including the

concentration of PUFAs (Mercier, 2004). Fatty acids are
released by the hydrolysis of fats (Velisek, 2009).

Deep autolysis of slaughtered animals is not desired, but
it is not possible to completely prevent or eliminate the
microbial proteolysis. Deep autolysis catalyzed by the
native enzyme can take place and to continue in relatively
isolated state (Steinhauser et al., 1995). The negative
consequences of lipid oxidation can be overcome by the
use of antioxidants in the diet (Cortinas, 2005). Meat
composition of PUFAs changed at the animals, which
were fed with diets with increased unsaturated fats (Lin et
al., 1989; Ajuyah et al., 1993; Ahn et al., 1995; Mooney
et al., 1998; Lo'pez Ferrer et al., 1999).

The aim of the study was to investigate the oxidative
changes of stored meat at -18 °C depending on feeding of
alfalfa meal in the broiler chickens.

MATERIAL AND METHODOLOGY

The feeding experiment was performed in commercial
poultry farm with a final hybrid chickens Ross 308, which
is used for meat production. A space for the purpose of the
experiment was situated in front of the hall, with a deep
bedding system of breeding. This space was divided into
three equal parts to meet the requirements of the standard
distribution. 100 pieces of one-day-old chickens were
placed within each group. Conditions corresponding to
standards of Decgree of Ministry of Agriculture of the
Slovak Republic no. 2136/2004-100 of 23 August 2004
were created for our feeding. The broiler chickens were
fed by standard feed mixtures of soy-cereal type
ad libitum. Standard feed mixtures, usually used in
practical conditions, were used in the control group of
broiler chickens. In the 1% and 2™ experimental groups
were used similar feed mixtures as in control group, only
feed mixtures of 1% experimental group was enriched by
4% proportion of alfalfa meal at the expense of the wheat,
and feed mixtures of 2" experimental group was enriched
by 6% proportion of alfalfa meal at the expense of wheat.
The experimental period was divided into 3 phases: starter
with starter feed mixtures for broiler chickens at the age of
1 to 18 days, grower with grower feed mixtures for broiler
chickens at the age of 19 to 31 days, finisher with finisher
feed mixtures for broiler chickens at the age of 32 to
38 days. The feed mixtures were produced according to
law no. 440/2006 Coll. At the end of the experiment (day
38), 6 pcs of broiler chickens from each group with an
average live body weight over 1 800 g were randomly
selected. A slaughtering of broiler chickens was realized
by human rapid cut of the carotid artery (Aferia carotis
communis). Subsequently, feathers as well as internal parts
of broiler chickens were mechanically removed. A carcass
was prepared. The slaughtering was carried out at the
Department of Evaluation and Processing of Animal
Products, Faculty of Biotechnology and Food Sciences,
SUA in Nitra. Chicken carcasses were packaged in plastic
containers and stored at -18 °C for 12 and 18 months.
Chemical analysis of samples was realized after the
storage period at the Department of Food Hygiene and
Safety FBFS SUA in Nitra. The samples for chemical
analysis consisted of identical proportion of breast and
thigh muscle, and about 1 cm? of skin with subcutaneous
fat. Fat from the meat was obtained after samples drying.
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A fat was determined by extraction by means of laboratory
instrument Det N Gras Selecta P. An acid number of fat
was determined from obtained fat. Acid value of fat was
determined after dissolution of fat in the extract
ethanol-diethyl ether in a 1:1 alkalimetric titration against
phenolphthalein. The extracted fat was slightly heated and
fat was dissolved in 25.0 ml of ethanol-ether. The content
in extraction flask was titrated with a few drops of the
indicator with the potassium hydroxide solution until it
turned to slight pink color. An acid number of fat was
expressed in mg KOH per g. A fat acid value is the
number of mg of potassium hydroxide required to
neutralize free fatty acids per gram of fat extracted from
the extracting agent. Mathematical and statistical
evaluation of the results was realized by the SAS
Enterprise Guide Version 1.5 system program.

RESULTS AND DISCUSSION

An acid number of fats were determined in the stored
chicken meat for 12 months, which ranged from 4.72 to
10.50 mg KOH per g of fat in the control group. Due to
the large margin of determined values, the coefficient of
variation was 36.86%. In the experimental group with
proportion of 4% alfalfa meal, the acid number of fat was
determined in the range of 4.69 to 10.49 mg KOH per g
with coefficient of variation 28.04%. In the group with
proportion of 6% alfalfa meal, the acid number of fat was
determined in the range of 5.56 to 20.61 mg KOH per g fat
and the coefficient of wvariation was 47.99%. The
differences in acid number of fat among the groups were
not statistically significant (p >0.05) after 12 months of
meat storage. An acid number of fats determined in the
stored meat for 18 months varied from 4.35 to 6.56 mg

KOH per g fat with coefficient of variation 17.60% in the
control group of broiler chicken, which were fed by
standard feed mixtures. The acid number of fats in the
range of 4.01 to 10.69 mg KOH per g fats was obtained in
the meat of broiler chickens, which were fed by feed
mixtures with proportion 4% of alfalfa meal in the feed
mixtures. If proportion of alfalfa meal formed 6% of feed
mixtures, the acid number of fat was measured in the range
of 3.29 to 10.33 mg KOH per g fat, and the coefficient of
variation was 38.68%. The differences in acid number of
fat among the groups were not statistically significant
(p >0.05) after 18 months of meat storage. Slovak
legislation in Title 5 of Part 3 of the Codex Alimentarius
of the Slovak Republic and the Government Regulation
No. 286/2003 Coll. in the Annex 4 in Part B set out the
requirements for animal fats and meat products.
Regulation of the European Parliament and Council
Regulation (EC) No. 853/2004 lays down specific hygiene
rules for food of animal origin. In particular, determination
of free fatty acids contents of rendered animal fat (tallow,
lard, other animal fat). Legislative regulation does not
contain requirements for the quality of poultry meat, the
acid number of fats of fresh or frozen poultry meat,
respectively. It was demonstrated in several studies that
feeding of oxidized diets to broilers resulted in negative
effects on bird performance (Cabel et al., 1988; Engberg
et al., 1996), on oxidative stability of tissues and
membranes (Asghar et al., 1989; Lin et al., 1989; Jensen
et al., 1997; Grau et al., 2001a) and on shelf-life of meat
during storage (Sheehy et al., 1994; Rhee et al., 1996;
Sheldon et al.,, 1997; Grau et al.,, 2001b). Based on
studies by many authors, it can be assumed that the
composition of the feed mixture has a significant effect on

Control group 12

Control group 18

Experimental group 1/4-12
Experimental group 1/4-18
Experimental group 2/6-12

Experimental group 2/6-18

_ | 7,38
_ | 5,90
_ 7,42
4,65
11,18
7,07
0 2 4 6 8§ 10 12

Figure 1 An acid number of fat of stored meat depending on proportion of alfalfa meal in feed mixtures of broiler

chickens.

Control group 12 — stored chicken meat for12 months at -18 °C,
Control group 18 — stored chicken meat for 18 months at -18 °C,
Experimental group 1/4-12 — stored chicken meat for 12 months at -18 °C of group with proportion 4% of alfalfa meal

in feed mixtures,

Experimental group 1/4-18 — stored chicken meat for 18 months at -18 °C of group with proportion 4% of alfalfa meal

in feed mixtures,

Experimental group 2/6-12 — stored chicken meat forl2 months at -18 °C of group with proportion 6% of alfalfa meal in

feed mixtures,

Experimental group 2/6-18 — stored chicken meat forl8 months at -18 °C of group with proportion 6% of alfalfa meal in

feed mixtures.
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the chemical composition of meat broiler chickens,
sensory quality and oxidative stability (Horwitt, 1986;
Wood, 2004; Hugo, 2009; Bobko et al., 2012; Gibbs et
al., 2013). Lipid oxidation is considered the main cause of
quality damages related to flavor, color, taste, and
nutritional composition of meat and meat products
(Mielche and Bertelsen, 1994; Gray et al., 1996). The
total amount of fat is a major factor of quality of fatty
acids. The effects of fatty acid composition on meat quality
are also reviewed. Fatty acid composition determines the
firmness/oiliness of adipose tissue and the oxidative
stability of muscle, which in turn affects flavour and
muscle colour. Vitamin E is an essential nutrient, which
stabilises PUFAs and has a central role in meat quality
(Wood, 2008).

Free fatty acids are produced by secondary enzymatic
cleavage of triglycerides (Koman et al., 1989). Higher
values of acid number of fat may be according to Sopkova
et al. (2007) caused by the hydrolytic degradation of the
fatty substance. Guteriez (2013) studied susceptibility of
unsaturated fatty acids to oxidation. It is related to the
degree of unsaturation, polyunsaturated fatty acids, they
are more prone to oxidation than monounsaturated fatty
acids. Equally he demonstrated higher susceptibility of
polar lipids to oxidation as compared with neutral lipids.
Lipolysis can be responsible for a decrease of content
polar lipids and releasing free fatty acids. Few authors deal
with the assessment of chicken fat by acid number of fat.
The authors are more concerned with assessing the quality
of fats by thiobarbituric acid reactive substances (TBARS)
values. Physical agents (heat, oxygen, light) and chemical
factors (content of certain metals) play an important role in
the development of oxidation (Ozturk and Cakmakei,
2006). Top of lipoperoxidation is derived from the free
radical, such as nitrogen dioxide (Kanner et al., 1987).
A speed fat oxidation of meat also depends on the presence
of a prooxidants and antioxidants (Tichivangana and
Morrissey, 1985; Ruiz et al., 1999).

CONCLUSION

Chicken meat is preferred over other kinds of meat. It is
characterized by certain dietary and nutritional properties
that consumer prefers. A price of this kind of meat remains
significant. In terms of human health, oxidative stability of
chicken meat is important, especially of stored meat. In
general terms, the various food additives are currently used
to maintain the food stability. Great attention is currently
paid to additives of natural origin. Similar focus is
presented in our study. We can state, on the basis of the
oxidative stability results of chicken meat, that natural feed
component has its justification. This issue requires further
research.
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THE EFFECT OF PATULIN ON FEMORAL BONE STRUCTURE
IN MALE RABBITS

Veronika Kovacova, Hana Duranovda, Ramona Babosovd, Radoslav Omelka, Viadimira
Krajcovicova, Robert Stawarz, Marcela Capcarova, Monika Martiniakova

ABSTRACT

A lot of kinds of crops are susceptible to fungal attack, leading to considerable financial losses and damage the health of
humans and animals. Patulin, a toxic fungal metabolite, can be found mainly in apple and apple products, with much less
frequent contamination in other food products. Because of its high incidence and harmful health effects, patulin belongs to a
class of mycotoxins, which are strictly monitored. However, its effect on bone structure is still unknown. This study was
designed to investigate the impact of patulin on femoral bone structure in adult male rabbits. Four month-old male rabbits
were randomly divided into two groups of three animals each. Rabbits from the experimental group (group A, n=3) were
intramuscularly administered with patulin at dose 10 pg.kg" body weight (b.w.) twice a week for 4 weeks. The second
group without patulin administration served as a control (group B, n=3). At the end of the experiment, body weight, femoral
weight and length, cortical bone thickness and histological structure of femoral bones from all rabbits were determined. The
results did not show any significant differences in body weight, femoral weight and length between experimental and
control groups of rabbits. On the other hand, intramuscular application of patulin induced a significant increase in cortical
bone thickness (p <0.05) and considerable changes in qualitative histological characteristics of compact bone in adult male
rabbits. In patulin-intoxicated males, the primary vascular longitudinal bone tissue was absent near endosteal border. On the
other hand, this tissue occurred near periosteum and also in the middle part of the femoral bone in these rabbits. The values
for the primary osteons’ vascular canals were significantly lower (p <0.05) in males exposed to patulin as compared to the
control group. Based on these findings we can conclude that intramuscular patulin administration demonstrably influences
cortical bone thickness and histological structure of femoral bone in adult male rabbits.

Keywords: patulin; femoral bone; rabbit; histomorphometry

INTRODUCTION

Many species of fungi may produce secondary
metabolites, known as mycotoxins (Jay, 2000; Hosseini
and Bagheri, 2012; Alexa et al., 2013). Mycotoxins exert
toxic effects on animals and humans (Peraica et al.,
1999). They may cause mycotoxicosis, which can result in
an acute or chronic disease episode (Bryden, 2007).

Mycotoxin  patulin,  4-hydroxy-4H-furo[3,2¢]pyran-
2(6H)-one, is produced by a number of fungi species
(Bennett and Klich, 2003; Moake et al., 2005), such as
Penicillium (mainly Penicillium espansum), Aspergillus,
Byssochlamys and Paecilomyces (Gimeno and Martins,
2006; Ionescu et al., 2010; Puel et al., 2010), which are
likely natural contaminants of various food (Becci et al.,
1981). Patulin has been found as a contaminant in many
mouldy fruits, vegetables, cereals (Beltran et al., 2014).
According to Piqué et al. (2013), it is mainly presented in
apples and apple-based products.

Although patulin had originally been considered as an
antibiotic, it has adverse impacts on human health
(Bennett and Klich, 2003). Several studies have found
that patulin is genotoxic (Hopmans, 1997), cytotoxic
(Glaser and Stopper, 2012), neurotoxic, mutagenic

(Beltran et al., 2014), immunotoxic (Fernandez-Cruz et
al., 2010), teratogenic (Ozsoy et al. 2008), carcinogenic
(Gonzalez-Osnaya et al., 2007) and embryotoxic (Piqué
et al., 2013) agent.

In the study by Selmanoglu (2006), some
histopathological alternations were observed in the
epididymis and prostate tissues in rats orally treated with
patulin for 90 days. Also, patulin-induced degeneration
and necrosis in liver tissues, as well as degeneration of
glomeruli and haemorrhage between the tubules of the
cortical region in kidney tissues were reported in male rats
(Al-Hazmi, 2012). However, the effect of patulin on bone
microstructure had not been studied prior to our
experiment.

The aim of the present study was to determine the effect
of patulin on selected growth characteristics (body weight,
femoral weight, femoral length and cortical bone
thickness) and femoral bone microstructure in male
rabbits.

MATERIAL AND METHODOLOGY
Adult male rabbits (n=6) of meat line M91 (Californian
broiler line) were used in the experiment. Animals (at the
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age of 4 months, weighing 3.5 — 4.0 kg) were obtained
from an experimental farm of the Animal Production
Research Centre in Nitra, Slovak Republic. Male rabbits
were used because they are less susceptible to skeletal
damage than females (Riggs et al., 2004). Males were
housed in individual flat-deck wire cages (area 0.3 m®)
under standard conditions (temperature 20 — 22 °C,
humidity 55 10 %, 12/12 h cycle of light and darkness)
with access to food (feed mixture) and drinking water ad
libitum.

Clinically healthy animals were randomly divided into
two groups of three individuals each. In the first group (A),
adult rabbits were intramuscularly injected with patulin
(10 ugkg" b.w.) two times per week for four weeks. The
dose of patulin was estimated based on literature data
(FAO, 2004). The second group (B; n=3) without patulin
intoxication served as a control. The Animal Experimental
Committee of the Slovak Republic approved all
procedures.

At the end of the experiments, all the rabbits were
euthanized, weighed and their femurs were collected for
macroscopical and microscopical analyses. The femurs
were weighed on analytical scales with an accuracy of 0.01
g and the femoral length was measured with a caliper. For
histological analysis, the right femurs were sectioned at the
midshaft of the diaphysis and the segments were fixed in
HistoChoice fixative (Amresco, USA). The segments were
then dehydrated with a graded series (40 to 100 %) of
ethanol and embedded in Biodur epoxy resin (Giinter von
Hagens, Heidelberg, Germany) according to the method
described by Martiniakova et al. (2008). Transverse thin
sections (70-80 pm) were prepared with a sawing
microtome (Leitz 1600, Leica, Wetzlar, Germany) and
fixed onto glass slides by Eukitt (Merck, Darmstadt,
Germany) as previously described (Martiniakova et al.,
2010). The qualitative histological characteristics of the
compact bone tissue were determined according to the
internationally accepted classification systems of Enlow
and Brown (1956) and Ricqlés et al. (1991). The
quantitative (histomorphometrical) variables were assessed
using the software Motic Images Plus 2.0 ML (Motic
China Group Co., Ltd.). We measured area, perimeter and

Fig. 1 Microscopical structure of compact bone in rabbits
from the group B: 1 — primary vascular longitudinal bone
tissue, 2 — dense Haversian bone tissue, 3 - primary
vascular radial bone tissue.

the minimum and maximum diameters of primary osteons’
vascular canals, Haversian canals and secondary osteons in
all views (i.e., anterior, posterior, medial and lateral) of the
thin sections in order to minimize inter-animal differences.
Diaphyseal cortical bone thickness was also measured by
Motic Images Plus 2.0 ML software. Twenty random areas
were selected and average thickness was calculated for
each femur.

Statistical analysis was performed using SPSS 8.0
software (SPSS Inc., USA). All data were expressed as
mean + standard deviation (SD). The unpaired Student’s
T-test was used for establishing statistical significance
(p <0.05) between groups A and B.

RESULTS

Our results showed non-significant impact of patulin
intramuscular administration on body weight, femoral
weight and femoral length in male rabbits. On the other
hand, cortical bone thickness was considerably increased
(p <0.05) in these animals (Table 1).

Femoral diaphysis of rabbits from the group B had a
common bone microstructure. The periosteal and endosteal
surfaces were formed mainly by primary vascular
longitudinal bone tissue, as a basic structural pattern of all
bones. The tissue was created by vascular canals, which
ran in a direction essentially parallel to the long axis of the
bone. Additionally, primary vascular radial bone tissue
(created by branching or non-branching vascular canals
radiating from the marrow cavity) was also identified in
some areas near the endosteal surface. The middle part of
substantia compacta was formed by dense Haversian
(characterized by a large number of secondary osteons) or
irregular Haversian (characterized by an occurrence of
scattered secondary osteons) bone tissues (Figure 1).

In rabbits exposed to patulin, an absence of the primary
vascular longitudinal bone tissue near the endosteal
surface was found. This part of bone was created only by
dense Haversian bone tissue. The periosteal surface was
composed of primary vascular longitudinal bone tissue,
which also occurred in some areas of the middle part of the
compact bone (Figure 2).

Fig. 2 Microscopical structure of compact bone in rabbits
from the group A: 1 — primary vascular longitudinal bone
tissue, 2 — dense Haversian bone tissue.
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Table 1 Body weight, femoral weight, femoral length and cortical bone thickness in rabbits injected with patulin

(10 pg.kg" b.w.; group A) and the control rabbits (group B).

Rabbit’s N Body weight Femoral weight Femoral length Cortical bone thickness
group ® (4] (cm) (mm)
B 3 41529 +212.2 14.53 +1.39 10.51 £0.25 997.51 +£92.95
A 3 4324.3 +326.9 14.33 +1.12 10.54 +0.29 1059.31 +£118.93
T-test NS NS NS P <0.05

N: number of rabbits, NS: non-significant changes

Table 2 Data on primary osteons' vascular canals in rabbits from A and B groups.

Rabbit’s N Area Perimeter Max. diameter Min. diameter
group (pm’) (pm) (pm) (m)
B 124 320.76 +48.60 64.23 £4.87 11.13 £1.09 9.22 +1.02
A 125 262.05 £58.01 58.01 £6.32 10.03 £1.43 8.34 +1.12
T-test p <0.05 p <0.05 p <0.05 p <0.05

N: number of measured structures; NS: non-significant changes

Table 3 Data on Haversian canals in rabbits from A and B groups.

Rabbit’s N Area Perimeter Max. diameter Min. diameter
group (pm’) (um) (m) (um)
B 85 388.51 +£117.66 70.22 £10.84 12.14 £2.16 10.07 +£1.69
A 90 398.57 £130.97 70.87 £11.58 12.23 £2.18 10.21 +1.82
T-test NS NS NS NS

N: number of measured structures; NS: non-significant changes

Table 4 Data on secondary osteons in rabbits from A and B groups.

Rabbit’s N Area Perimeter Max. diameter Min. diameter
group (um’) (um) (m) (m)
B 85 8846.06 £3950.00 332.25 +84.17 58.98 £16.79 45.46 +£11.05
A 90 9627.27 £4356.66 345.41 £77.95 60.44 £14.31 48.54 £11.71
T-test NS NS NS NS

N: number of measured structures; NS: non-significant changes

For the quantitative histological analysis, 249 vascular
canals of the primary osteons, 175 Haversian canals and
175 secondary osteons were measured in total. The results
are summarized in Tables 2, 3 and 4. We have found that
all measured variables (area, perimeter, maximum and
minimum diameters) of the Haversian canals and
secondary osteons did not differ between rabbits from both
investigated groups. On the other hand, the size of the
primary osteons’ vascular canals significantly decreased
(p <0.05) in males from the group A.

DISCUSSION

The results of our study have shown that intramuscular
application of patulin had not significant effect on total
body weight, femoral weight and length in adult male
rabbits. Similarly, no demonstrable alterations in the body

weight gain were also reported in rats intoxicated with
patulin at a dose of 0.1 mg.kg™' b.w./day in drinking water
for 60 or 90 days (Selmanoglu and Kockaya, 2004;
Selmanoglu, 2006). Additionally, body weight and weight
of various organs (e.g., liver, spleen, thymus, kidney with
adrenals and lungs) were unchanged in female mice orally
exposed to patulin (at the doses of 0.08, 0.16, 0.32, 0.64,
1.28 and 2.56 mg.kg" b.w.) for 28 days (Llewellyn et al.,
1998).

Skeletal growth is the result of complex interplay of
nutritional, genetic and hormonal factors. Regarding the
hormones, essential roles in normal skeletal development
play thyroid and growth hormones. It is known that growth
hormone deficiency produces severe generalized failure of
osteogenesis (Braverman et al., 2005; Lieberman and
Friedlaender, 2005) and decreased triiodothyronine and
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thyroxine levels may reduce the basal metabolic rate,
which could be associated with growth retardation
(Selmanoglu and Kockaya, 2004). The results published
by above mentioned authors (Selmanoglu and Kockaya,
2004) revealed non-significant changes in the levels of
thyroid stimulating hormone and growth hormone in
growing rats after application of patulin at a dose of 0.1
mgkg' b.w./day for a period of 60 or 90 days. This
finding could signalize that patulin administration would
not have an adverse impact on body weight and weight and
length of femoral bone in these animals what is in
accordance with our study.

Higher values for cortical bone thickness in male rabbits
with patulin intoxication can be attributed to intensive
formation of bone tissue within periosteal surface as an
adaptive response to bone tissue against patulin toxicity.
Under physiological conditions, width of bone increases
with ageing due to periosteal apposition (Seeman, 2003).
Periosteal bone formation can be stimulated by several
agents, such as some hormones (Burr and Guillot, 2012).
Parathormone is known to prevent apoptosis of periosteal
osteoblasts (Jilka et al., 1999; Burr and Guillot, 2012),
which could partly account for its effect on the cells in the
osteogenic layer of the periosteum (Rhee et al., 2011;
Burr and Guillot, 2012). The benefits of intermittent
treatment with parathormone have been shown in
experimental animals (Sato et al., 2002; Szulc et al.,
2006). Osteoporotic postmenopausal women treated with
human parathyroid hormone (1-34) had higher cortical
thickness of iliac crest and higher width of distal radius
(Dempster et al., 2001; Szulc et al, 2006). Sergeev et al.
(1988) studied effects of aflatoxin B1 and T-2 toxin on
metabolism of calcium and vitamin D. The young rats
were administered daily within 7 days with these
mycotoxins at the dose of 0.7 mg.kg™ and 0.54 mgkg”
b.w. Administration of the mycotoxins caused
hypocalcemia, decreased the concentration of 25(OH)D3
in blood serum and also lower activity of 25-hydroxylase
D3 in liver tissue. In kidney, the activity of 24-hydroxylase
tended to decrease. Likewise, the study by Glahn et al.
(1991) demonstrated a decreased plasma 25-hydroxy
vitamin D and 1,25-hydroxy vitamin D levels in three-
week-old male broiler chickens after five days of aflatoxin
treatment. In addition, total plasma calcium tended to be
lower. These effects are connected with altered vitamin D
and parathyroid hormone metabolism (Devegowda and
Ravikiran, 2008). According to Lips (2001), deficiency in
vitamin D causes secondary hyperparathyroidism, which
leads to increased parathormone production. On the basis
of these aspects we suppose that other mycotoxins
(including patulin) should also have a similar effect on the
concentrations of vitamin D and parathormone, which can
be connected with evident changes in cortical bone
thickness.

According to Cilotti and Falchetti (2009) androgens
may prevent the loss of cancellous bone and also stimulate
periosteal cortical bone apposition, resulting in a larger
bone size and thicker cortical bone in males (Kung, 2003).
Generally, androgen receptors are found in all bone cells,
i.e., osteoblasts, osteocytes and osteoclasts (Notelovitz,
2002). The most important androgen is a testosterone
(Selmanoglu and Kog¢kaya, 2004; Callewaert et al.,

2010). It was found that testosterone increases periosteal
and endosteal apposition, bone size, trabecular (Tuck and
Francis, 2009) and cortical bone thickness (Gorton et al.,
2005) in adolescent males. On the other hand, a reduction
in testosterone decreases the rate of periosteal bone
apposition (Kung, 2003). Significant increased serum
testosterone levels after patulin administration (at a dose of
0.1 mg/kg b.w./day) for a period of 60 or 90 days were
documented in the study by Selmanoglu and Kockaya
(2004). On the basis of these aspects we propose that
enlargement of bone tissue on periosteal bone surface
could also be associated with patulin-modified increased
testosterone concentration.

The results of qualitative histological analysis correspond
with those reported by other authors (Enlow and Brown,
1956; Martiniakova et al., 2003; Chrenek et al., 2006).
The basic structural pattern of compact bone was primary
vascular longitudinal in both groups of rabbits. Also,
primary vascular radial and dense Haversian or irregular
Haversian bone tissues were identified. In males
intoxicated with patulin, an absence of the primary
vascular longitudinal bone tissue near endosteal surface
can be connected with intensive endosteal resorption due
to patulin toxicity. On the other hand, primary vascular
longitudinal bone tissue was (in some areas) present not
only near the periosteal surface but also in the middle part
of the compact bone. This findings point to the enhanced
periosteal apposition as a compensative mechanism of
bone tissue against patulin-induced bone loss from
endosteal surface. Studies with liver cells or liver slices
have demonstrated that patulin treatment results in
glutathione depletion, which is connected with oxidative
stress. Patulin-modified increased intracellular oxidative
stress was reported in human embryonic kidney and
human promyelocytic leukemia cells (Liu et al., 2007).
Bone resorption is the unique function of the osteoclasts
(Teitelbaum, 2000). Osteoclasts have shown to be
activated by reactive oxygen species (ROS) to enhance
bone resorption (Baek et al., 2010). Therefore, we suppose
that the absence of primary vascular longitudinal tissue
near the endosteal surface can be attributed to oxidative
stress-induced intensive bone resorption due to patulin
toxicity.

The histomorphometrical measurements showed a
significant constriction of the primary osteons' vascular
canals in rabbits exposed to patulin. This fact can be
related to adverse effect of patulin on blood vessels, which
are present in vascular canals of primary osteons
(Greenlee and Dunnell, 2010). The results of Broom et
al. (1944) revealed a very small, transient vasoconstriction
in rabbits after patulin administration at the dose of 0.08
mgkg' bw. Recent experimental studies have
demonstrated the direct action of androgens on the blood
vessels. Long-term administration of testosterone may
elicit harmful effects, especially vasoconstriction
(Akishita and Ywu, 2012). Furthermore, patulin has a
strong affinity for sulfhydryl groups inhibiting the activity
of many enzymes (Selmanoglu and Kockaya, 2004; Puel
et al., 2010; Zbynovska et al., 2013). Magan et al. (2004)
found that patulin (at the dose of 1.6 mgkg™' b.w.)
inhibited acetylcholinesterase and NaK-ATPase in the
cerebral hemisphere, cerebellum and medulla oblongata in
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rats leading to higher levels of acetylcholine in these brain
segments. Martiniakova et al. (2013) noted that increased
levels of acetylcholine in the endothelium of blood vessels
subsequently activated muscarinic receptors in the
endothelium of vascular and Haversian canals in rats.
According to Yoopan et al. (2008), the alteration of
muscarinic function in blood vessel may contribute to
hypertension. The binding of patulin to sulthydryl groups
of acetylcholinesterase might also explain this negative
impact of this mycotoxin on the size of the primary
osteons' vascular canals in rabbits from the group A.

CONCLUSION

Generally, exceeded recommended level of patulin in
fruit juices and other fruit products may cause potential
risk in humans, particularly in children.

The current study revealed a significant effect of
intramuscular application of patulin at the dose of 10
ng.kg! b.w. twice per week for 4 weeks on cortical bone
thickness and the size of primary osteons' vascular canals
in adult male rabbits. In addition, patulin application
induced evident changes in femoral bone microstructure of
these animals.

Anyway, our results indicate considerable impact of
patulin on macroscopical and microscopical structures of
femoral compact bone in adult male rabbits.
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QUALITATIVE AND QUANTITATIVE CHARACTERISTICS OF SERBIAN
TOMATO VARIETIES GROWN IN CONDITIONS OF SLOVAK REPUBLIC

Alena Andrejiova, AlZbeta Hegediisova, Ivana Mezeyova, Miroslav Martak, Miroslav Slosar

ABSTRACT

The aim of submitted article was to estimate qualitative and quantitative characteristic of Serbian tomato varieties grown in
conditions of Slovak republic and to compare the results with control tomato variety and evaluate their potential for the
Slovak market. There were included 6 Serbian tomato varieties: ‘Fantom VFCTm F1°, "Marathon ASVF F1’, "Honey Heart
VF F1’, "Uragan SVF F1’, 'Kazanova F1 VF’, ‘Dinka F1" and "Tornado F1’ in control variant, which is wide spread in
Slovak tomato production. As qualitative characteristic for every variety total yields (in kg) per every plant, total number of
harvested fruits (in pieces for each plant) and average weight of one fruit in kg were evaluated. In Department of vegetable
growing laboratory qualitative characteristics in case of all chosen tomato varieties were estimated (included firmness of
fruits, total carotenoids estimation, ascorbic acid estimation). Serbian varieties reached lower total yields per plant. From
the “fruit weight” point of view they created more or less homogenous group of bigger and heavier fruits in comparison with
‘Tornado F1° and statistically significant homogenous group when focusing on total number of fruits per plant in
comparison with "Tornado F1” variety. Differences between control variant and chosen Serbian varieties were even more
considerable in case of qualitative characteristics, where "Tornado F1’ reached the lowest values in case of all observed
characteristics - firmness of fruits, total carotenoids and ascorbic acid content. According to increasing importance of
antioxidants in human diet, all tested Serbian varieties appeared to be very interesting for Slovak consumers from following
both qualitative and quantitative characteristics.

Keywords: tomatoes; carotenoids; ascorbic acid; yields; varieties

INTRODUCTION

Tomato (Lycopersicon esculentum Mill.) as a one of the
worldwide most grown vegetable belongs to family
Solanaceae. At the present the biggest tomato producers
are China, India and USA (FAOSTAT, 2014). In Slovak
Republic, according to last statistical outputs from the
2013, tomatoes were the second most cultivated
vegetables, grown on the total area of 2948 ha, which
represented the production of 44913 t (Merava, 2014).
List of registered varieties (UKSUP, 2014) refers together
85 varieties of tomatoes, which are allowed in Slovak
republic, and it involves 52 plunge (indeterminate) and 33
bush (determinate) tomato varieties. Recommended dose
for 1 person is 16 kg per year (Kona and Konova, 2008),
whereby according to (Merava, 2014) in SR during the
2012 it was 18 kg/person, with the highest consumption of
tomatoes (17. 8%) within the frame of the total vegetable
consumption in Slovak republic. Tomato (Lycopersicon
esculentum) is one of the major vegetable crops in Serbia
Milijasevic et al., (2009). According to comparative
analyses of Novakovic et al., (2012) when comparing
tomato indicators in Serbia, tomato were grown on area
20647 ha, with yields 8.7 t/ha and production 178823 t
(values are presented as an average of the interval from
2001 till 2010).

Tomatoes are consumed raw, but also thermal processed,
especially in Mediterranean, Greek, Italian, Southeast

Asian, and East European cuisine, with increased interest
in its nutrient value during the last three decades. The main
reason is due to the presence of different antioxidant
molecules such as carotenoids, ascorbic acid, vitamin E
and phenol compounds, particularly flavonoids Frusciante
et al., (2007), and lycopene, the main carotenoid in tomato
Yoshida et al, (2011). Tomato had all-trans-lycopene
(1046-1099 pg/g Dry Weight (DW)), cis-lycopene
(125-132  pg/g DW) and  all-trans-beta-carotene
(45-59 pg/g DW) as principal carotenoids. Tomato pulp
and ketchup had all-trans-lycopene (951-999 ng/g DW and
455-476 pg/g DW), all-trans- -carotene (76-88 DW pg/g
and 20-27 DW pg/g) and cis-lycopene (71-83 ng/g DW
and 14-25 pg/g DW) as the main pigments, respectively.
They also contained other carotenoids in much smaller
amounts (lycoxanthin, zeaxanthin, anteraxanthin, lutein,
gama-carotene, and phytofluene) Gama et al.,, (2006).
According to various authors, the total carotenoids content
as well as lycopene in fresh tomato fruits depends mainly
on genotypes (Mendelova et al. 2015, Mendelova et al.
2013, and Carli et al. 2011). The big advantage of
lycopene is its stability within the frame of various thermal
processes. Processed tomato products like tomato juice,
tomato paste, tomato puree, and tomato ketchup and
tomato oleoresin have been shown to provide bioavailable
sources of lycopene Basu et al. (2007). Tomatoes are the
richest source of lycopene in the Western diet (Burton,
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Freeman and Sesso, 2014) and they are consumed like a
functional food all over the world because of health
promoting compounds in its fruit. Latest research
highlights the relationship between consuming tomato and
its products with reduced risk of various maladies like
obesity, hyperglycemic and  hypercholesterolemic
attributes, cardiovascular disorders and cancer insurgences
(Perveen, 2015). Lycopene absorption is strongly
impacted by dietary composition, especially the amount of
fat. Concentrations of circulating lycopene in lipoproteins
may be further influenced by a number of variations in
genes related to lipid absorption and metabolism. Better
understanding of the relationship between diet, genetics,
and lycopene distribution will provide necessary
information to interpret epidemiological findings more
accurately Moran et al., (2013). The fact remains, that
increasing of carotenoids, lycopene, vitamin C and other
antioxidants is requested and their content is one of the
important parameter estimated in case of new varieties.

The aim of submitted article was to estimate qualitative
and quantitative characteristic of six Serbian tomato
varieties grown in conditions of Slovak republic and to
compare the results with control tomato variety "Tornado
F1’ and evaluate their potential for the Slovak market.

MATERIAL AND METHODOLOGY

An experiment was founded in 2014 in Botanical Garden
of Slovak University of Agriculture (below BG SUA) in
tunnel conditions. Area is situated in very warm agro-
climatic region, very dry sub-region. The average annual
temperature is 10 °C. There were included 6 Serbian
tomato varieties: 'Fantom VFCTm F1’, "Marathon ASVF
F1’, "Honey Heart VF F1’, "Uragan SVF F1’, 'Kazanova
F1 VF’, 'Dinka F1° and one Czech tomato variety:
"Tornado F1” in control variant. Variety used in control
variant is extended on Slovak market, and growers have
good experiences with its production in our conditions. All
chosen varieties are indeterminate. For these kinds of
tomatoes it is characteristic flourishing stem with
indeterminate growth. The plants are usually very high and
they are grown with the prop, with systematic removing of
side shoots. They support lot of handmade that is the
reason for their extensive growing in tunnels Uher et al.,
(2012). Vegetables were planted out in heatless tunnel in
April 7", 2014 in the united scale 0.7 x 0.5 m. For every
variety there was planted 8 pieces of plants. After reaching
phenological stage - ripening, fruits were gradually
harvested from the beginning of July till middle of
October, 2014.

Quantitative characteristics

For every variety total yields (in kg) per every plant, total
number of harvested fruits (in pieces for each plant) and
average weight of 1 fruit in kg were evaluated. Average
volumes from each harvest were counted and statistically
analyzed.

Qualitative characteristic

Following quantity in chosen tomato varieties, the
qualitative characteristics were estimated in laboratory of
Department of vegetable growing, SUA, in Nitra
involving:

Firmness of fruits - Within all 7 observed varieties were
measured ten replicates of firmness by penetrometer. The
average volumes were evaluated.

Total carotenoids estimation - Carotenoids were
estimated by spectrophotometric = measurement of
substances absorbance in petroleum ether extract on
spectrophotometer PHARO 100 at 445 nm wavelengths.
As an extraction reagent there was used acetone.

Ascorbic acid estimation - HPLC method of vitamin C
content estimation was used for its quantity estimation by
the help of liquid chromatograph with UV detector, for
separation was used RP C18 column, mobile phase was
methanol : water (5:95, v/v), UV detection was adjusted to
258 nm (HPLC fy. VARIAN).

Statistical analysis

The analysis of variance (ANOVA), the multifactor
analysis of variance (MANOVA) and the multiple Range
test were done using the Statgraphic Centurion XVII
(StatPoint Inc. USA).

RESULTS AND DISCUSSION

Quantitative characteristic

According to submitted methods, there were evaluated
total yields (kg), total number of harvested fruits (pieces)
per one plant and average weight of 1 fruit in kg from each
harvest (table 1).

In case of observed characteristic "total number of fruits”
all Serbian varieties was classified in homogenous group
from 22.75 +2.92 (‘Fantom VFCTm F17) to 44.00 +9.80
pieces per plant (‘Dinka’), whereby "Tornado F1’ created
much more higher amount of fruits (104.63 £12.39 pieces
per plant). It corresponded with statistical analyzes, where
it was determined statistically significant difference only
between 'Tornado F1° vs. all Serbian tomato varieties at
99.9% by Tukey test. Similar parameters were evaluated as
a part of research of two tomato cultivars ("Cedrico” and
"Abellus’) in polytunnels in Serbia Savic et al., (2011).
Their results with the values 40.45 number of fruits per
plant and 5.52 kg per plant in case of 'Cedrico” and the
values 35.30 number of fruits per plant and 4.10 kg per
plant for "Abellus” were comparable to Serbian varieties
observed in our trial.

In opposite to high amount of fruits, following the
characteristic ‘average weight of one fruit” the "Tornado
F1’ variety produced the most light — weighted fruits
(0.07 £0.02 kg) in comparison with other varieties. Fruits
of Serbian varieties reached the values between
0.13 +0.02 kg in case of 'Fantom VFCTm F1° and
0.21 £0.04 kg in ‘Dinka F1".

Qualitative characteristics

In Department of vegetable growing laboratory
qualitative characteristics in case of all chosen tomato
varieties were estimated (Table 2). The firmness of fruit
was counted as an average from 10 measurements from
each variety. The hardest fruits were confirmed for "Honey
Heart VF F1° (firmness of fruit = 8.36 N), followed by
"Fantom VFCTm F1” (8.07 N). In comparison with control
variant represented by "Tornado F1” with firmness 5.25 N,
all Serbian varieties had harder fruits.
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Followed total carotenoids content estimated and
represented in Figure 1 variety 'Kazanova F1 VF’ with
values 13.07 mg/100g represented the upper limit of
interval. Control variety ‘Tornado F1° enclosed the
interval on the bottom limit with 4.71 mg/100g. In case of
all Serbian varieties the higher content of carotenoids was
confirmed in comparison with "Tornado F1’. Carli et al.,
(2011) monitored the content of carotenoids in 7 varieties
of tomatoes rand report their content from 3.63 to
17.5 mg/100g. In similar experiment which have included
following tomato varieties: Bambino F1, Milica Fl1,
(indeterminate tomato varieties) and Darina F1, Diana F1,
Denar, Milica F1, Orange F1, Paulina F1, Sejk Fl1
(determinate tomato varieties), the carotenoid content in
fresh fruits of selected varieties ranged from 2.63 to
6.55 mg/100g. The highest content of carotenoids was
observed at variety Milica F1 and the lowest in Paulina F1
Mendelova et al., (2013). All Serbian varieties except of
‘Dinka F1° (with 4.46 mg/100g for total carotenoids) had
also higher amounts of observed compounds when
comparing with the experiment of Mendelova. In
comparison with other experiment, led by Mendelova et

al. (2010), where the content of carotenoids in fruits of
tomatoes for industrial processing varied in the amount of
4.41 to 7.85 mg/100 g, the Serbian varieties "'Kazanova F1
VF’ and 'Fantom VFCTm F1° reached bigger content of
carotenoids, and others varieties belonged to higher limits
of Mendelova’s interval. The content of carotenoids in the
moniotred varieties decreased in the order: ‘Kazanova F1
VF ' > 'Fantom VFCTm F1" > "Marathon ASVF F1" >
"Honey Heart VF F1” > "Uragan SVF F1’ > 'Dinka F1" >
"Tornado F1°. Ascorbic acid content was ranged in interval
from 11.51 mg/100g (‘Tornado F17) to 18.72 mg/100g
(‘Uragan SVF F17). Similar, as it was providing other
observed qualitative characteristics, all Serbian varieties
reached higher content of vitamin C. George et al., (2004)
indicate the content of ascorbic acid in tomato pulp from
8.4 to 32.4 mg/100 g. Substantial amounts of ascorbic acid
were also detected in peels (9.0-56.0 mg/100 g fwb and
104-462 mg/100 g dwb). The content of ascorbic acid in
the monitored varieties decreased in the order: "Uragan
SVF F1’ > "Marathon ASVF F1’ > "Honey Heart VF F1" >
‘Dinka F1” > 'Fantom VFCTm F1’ > "Kazanova F1 VF " >
"Tornado F1".

Table 1 Chosen quantitative characteristic of observed tomato varieties grown in tunnel, in BG, SPU, Nitra, in 2014*,

Variety total yields total number of fruits average weight of 1 fruit
(kg/ 1 plant) (pieces/ 1 plant) (kg)

"Marathon ASVF F1° 7.50 +1.40% 42.33 +10.88" 0.18 +0.03"
"Fantom VFCTm F1 3.05 +0.70° 22.75 +2.92° 0.13 +0.02%
"Dinka F1’ 8.93 +0.56° 44.00 +9.80° 0.21 +£0.04°
"Tornado F1’ 7.35 +£2.20" 104.63 £12.386" 0.07 £0.02°
"Uragan SVF F1’ 5.62+1.52% 31.14 £9.72° 0.19 +£0.05"
"Honey Heart VF F1° 6.60 +0.93" 32.33 +9.86" 0.21 +0.07"
"Kazanova F1 VF’ 3.21 £0.93° 20.89 +2.86" 0.14 +0.03"°

*Mean +standard deviation.

Column values with different lowercase letters in superscript are significantly different at p <0.001 by Tukey HSD in ANOVA

(Statgraphic)

Table 2 Chosen qualitative characteristic of observed tomato varieties grown in tunnel, in BG, SPU, Nitra, in 2014*

Variety ﬁn(lf\;;ess tOtzl(ln:z;f (;glgl;) ids vitamin C (mg/100g)
"Tornado F1” 5.25+0.79° 471 +0.57° 11.51 £0.86°
"Fantom VFCTm F1’ 8.07 +£0.54° 9.79 +0.57¢ 12.08 +0.26"
"Marathon ASVF F1’ 6.51 +0.66" 7.61 +0.43° 15.39 £0.56°
"Honey Heart VF F1° 8.36 +0.78" 6.95 +0.15 15.03 +0.54°
"Uragan SVF F1” 6.37 +0.81° 6.62 £0.60" 18.72 +0.76°
"Kazanova F1 VF’ 7.87 £0.87° 13.07 £0.23° 12.03 +0.75°
"Dinka F1 5.47 +0.61° 5.46 +0.73% 13.76 +£0.25%

*Mean +standard deviation.

Column values with different lowercase letters in superscript are significantly different at p <0.001 by Tukey HSD in ANOVA

(Statgraphic)
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Figure 1 Ascorbic acid (vitamin C) content in chosen tomato varieties grown in tunnel, in BG, SPU, Nitra, in 2014.

According to wider spectrum of varieties, the correlation
analyzes between vitamin C and carotenoid was done.
Those two antioxidants are connected in some scientific
studies with effort to find some relationships. It should be
noted, that the usually close correlation between intake of
vitamin C and carotenoids precludes any firms conclusions
regarding to separate effects of dietary vitamin C and
carotenoids on bladder cancer protection. In other words it
is unclear if the observed dietary protective effect is due to
carotenoids alone, vitamin C alone, or both (Vogelzang,
2006). No correlation was obtained with any of the
antioxidant constituents such as vitamin C and carotenoids
(Gil, 2002). The results corresponding with our findings
figured in correlation on Figure 1.

CONCLUSION

The changes of quantitative and  qualitative
characteristics in dependence on chosen tomato varieties
were estimated in the article. Differences between control
variant and chosen Serbian varieties were founded in case
of quantitative, but even more in case of qualitative
characteristics, where ‘'Tornado F1’ reached the lowest
values in all observed characteristics - firmness of fruits,
total carotenoids and ascorbic acid content. According to
increasing importance of antioxidants in human diet, all
tested Serbian varieties appeared to be very interesting for
Slovak consumers. From quantitative point of view, the
control variety 'Tornado F1° had the smallest fruits,
whereby the values of Serbian varieties ranged in interval
from 134 to 211 g. At the present on the Slovak market
varieties with fruit weight in interval from 100 to 160 g are
wide-spread used. Observed Serbian varieties create
markedly bigger fruits in smaller amount, but they are
noted for great gustative properties. On the base of
complex evaluation, Serbian varieties are suitable
previously to smaller growers for self-subsistent farming
according to our recommendations.
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QUALITY OF MEAT OF RABBITS AFTER APPLICATION
OF EPICATECHIN AND PATULIN

Anna Kalafova, Jozef Bulla, Ondrej Bucko, Jana Emrichova, Katarina Zbyriovska,
Peter Petruska, Monika Schneidgenova, Lubica Chrastinova, Cubomir Ondruska,
Rastislav Jurcik, Martin Mellen, Marcela Capcarovad,

ABSTRACT

The aim of the present study was to determinate the effect of epicatechin and patulin on selected parameters of meat quality
of rabbits. Adult female rabbits (n=25), maternal albinotic line (crossbreed Newzealand white, Buskat rabbit, French silver)
and paternal acromalictic line (crossbreed Nitra’s rabbit, Californian rabbit, Big light silver) were used in experiment.
Animals were divided into five groups: control group (C) and experimental groups E1, E2, E3, and E4. Animals from
experimental groups E1, E2, E3, E4 received patulin through intramuscular injection (10 pg.kg™) twice a week and animals
from groups E2, E3, E4 received epicatechin three times a week through intramuscular injection. After 30 days animals
were slaughtered. For analysing of meat quality the samples of Musculus longissimus dorsi (50 g) were used. Application of
epicatechin and patulin to rabbits had slight or no effect on the pH levels in stomach, small intestine, large intestine and
urinary bladder contents, however differences among the groups were insignificant (p >0.05). Application of epicatechin
and patulin to rabbits had slight or no effect on total water, protein, fat  and differences among the groups were
insignificant (p >0.05). The values of amino acids concentrations were not influenced after application of epicatechin and
patulin. The fatty acid profiles in animals after application of different doses of epicatechin and 10 pg.kg" patulin were
similar (p >0.05). Concentration of cholesterol increased in experimental groups in comparison with the control group, but
differences were insignificant (p >0.05). pH levels of meat of rabbits in experimental group E3 was lower when compared
with the control group, but differences was not significant (p >0.05). Electric conductivity parameter was increased in each
experimental group (in E3 the highest) against the control but without significant differences (p >0.05). Colour L parameter
was slightly decreased in experimental groups with comparison to the control group (in E3 the lowest). Generally we can
conclude that intramuscular application of epicatechin or patulin did not affect parameters of meat quality as well as pH
values of internal organs content. Further investigations are needed to prove the final answer concerning the health
promoting effects of epicatechin and patulin.

Keywords: Rabbits; epicatechin; patulin; pH level; meat quality

animal no addition of exogenous products would be
required after slaughter. This alternative, perceived by the

INTRODUCTION
Flavonoids are ubiquitous in plant foods. Important

dietary sources can include tea, red wine, apples, and
cocoa (Renaud and de Lorgeril 1992; Hammerstone et
al., 2000). Many flavonoids are potent antioxidants in in
vitro systems (Williams et al., 2004). Epidemiologic
studies have reported a reduced risk of cardiovascular
disease in subjects with a high flavonoid intake (Huxley et
al., 2003). Protective lipid oxidation during storage of
meat is indispensable in order to preserve the quality
standards and the shelf life of this product (Nieto et al.,
2010). That is the reason for increasing numbers of studies
examined dietary additions of natural (no synthetic)
antioxidants (Nieto et al.,, 2010; Bodas et al., 2012;
Moran et al., 2012a; Moran et al., 2012b; Capcarova et
al., 2012). This strategy is especially interesting because if
antioxidants are deposited in the meat during the life of the

consumer as a high quality standard (Sebranek and
Bacus, 2007), might be especially useful to prevent meat
lipid peroxidation when diets rich in polyunsaturated fatty
acids (PUFAs) are administered to the animals. In this
sense, attention has been paid to phenolic compounds, a
group of substances present in fruits, vegetables, nuts and
seeds which have shown potent antioxidant effects as
metal chelators or free-radical scavenging activities
(McBride et al., 2007). Most of these compounds also
have shown antimicrobial properties when added directly
to the meat as additives (McBride et al., 2007). However,
results have been different when included in the diet of the
animals. Patulin, 4-hydroxy-4H-furo(3,2c)pyran-2(6H)-
one, is a mycotoxin produced by molds including
Penicillium expansum, Aspergillus, and Byssachlamys,
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also occurring world-wide in apple, apple products and
sometimes in a number of foods including peaches, pears,
and grain, or their products (Sommer et al., 1974; Frank
et al.,, 1977; Scott et al., 1977; Chan et al.,, 2006;
Morales et al., 2008; Kwon et al., 2005). Patulin level of
50 pg.kg” in apple juice was suggested to be sufficient for
protection of human health (Kwon et al., 2010). Patulin
exerts its toxic effect by covalently binding to reactive
sulthdryl groups in cellular proteins, as well as by
glutathion depletion, resulting in oxidative damage and
generation of reactive oxygen stress (ROS) (Renaud and
de Lorgeril 1992; Hammerstone et al., 2000; Wu et al.,
2008). The aim of present study was to determinate the
effect of epicatechin and patulin on selected parameters of
meat quality (content of total water, proteins, fat, content
of amino acids and fatty acids, electric conductivity, pH,
colour) in muscle of rabbits and pH levels of stomach,
small intestine, large intestine and urinary bladder content.

MATERIAL AND METHODOLOGY

2.1. Animals

Adult female rabbits (n = 25), maternal albinotic line
(crossbreed New Zealand white, Buskat rabbit, French
silver) and paternal acromalictic line (crossbreed Nitra’s
rabbit, Californian rabbit, Big light silver) were used in

experiment. Rabbits were obtained from an experimental
farm of the Animal Production Research Centre Nitra,
Slovak Republic. Rabbits (age 4 months, body weight
4.0 — 4.5 kg) were housed in individual flat-deck wire
cages (area 0.34 m”) under a constant photoperiod of 14 h
of day-light. The temperature (18 — 20 °C) and humidity
(65%) of the building were recorded continually by means
of a thermograph positioned at the same level as the cages.
Rabbits were healthy and their condition was judged as
good at the commencement of the experiment. Water was
available at any time from automatic drinking troughs.
Adult rabbits were fed diet of a 12.35 MJkg' of
metabolizable diet (Table 1) composed of a pelleted
concentrate.

2.2. Experimental design and diets

Animals were divided into five groups: control group (C)
and experimental groups El, E2, E3, and E4. Animals
from experimental groups El, E2, E3, E4 received patulin
through intramuscular injection (10 pug.kg") twice a week
and animals from groups E2, E3, E4 received epicatechin
three times a week (Tab 2) through intramuscular
injection. Experiment lasted 30 days. In this animal study,
institutional and national guidelines for the care and use of
animals were followed, and all experimental procedures

Table 1 Chemical composition (g.kg") of the experimental diet.

Component

Dry matter 926.26
Crude protein 192.06
Crude Fat 36.08
Crude Fibre 135.79
nitrogen free extract 483.56
Ash 78.78
Organic matter 847.49
Calcium 9.73
Phosphorus 6.84
Magnesium 2.77
Sodium 1.81
Potassium 10.94
Metabolizable energy 12.35 Ml kg

Table 2 Application of epicatechin and patulin in injectable form (intramuscular).

group n epicatechin patulin
(ugkg™) (ngkg™)
Control C 5 0 0
Experimental E1 5 0 10
Experimental E2 5 10 10
Experimental E3 5 100 10
Experimental E4 5 1000 10
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involving animals were approved by ethical committee.

2.3. Meat quality analysis

At the end of the experimental period, which lasted
30 days, 25 adult female rabbits were slaughtered in an
experimental slaughterhouse. The carcasses were prepared
by removing the stomach, small intestine, large intestine
and urinary bladder with contents. In these organs pH
levels using pH 213 Microprocessor pH meter (Hanna
instruments, USA) were determined. Samples of Musculus
longissimus dorsi (50 g) were collected from each animal.
The meat samples were collected one hour after slaughter,
wrapped in aluminium foil and stored at 4 °C for 24 hours.
Meat quality was analysed for parameters characterizing
the content of nutrients (content of total water, content of
proteins, fat, content of amino acids and fatty acids) and
processing technology parameters (electric conductivity,
pH, colour).

The content of water, proteins, crude fat and fatty acids
were analysed by method FT IR (Fourier Transform
infrared Spectroscopy) using Nicolet 6700. Content of
amino acids was detected using gas chromatography
GC-ECD/NPD. In 1997, Oh-shin et al. [4, 5] reported a
simultaneous GC-ECD/NPD method that included
quantitation, for insecticides including carbaryl in drinking
water. Low LOD of 0.1 ng/mL, and excellent linearity
(R2 =0.998-1.000) were demonstrated.

The value of pH (24 hour post mortem) was detected by
portable battery acidometer OP-109. The colour was
measured on the surface of the M. longissimus dorsi
(10 mm thickness), at 24 h post mortem. Colour data were
expressed in terms of Lightness (L*), redness (a*),
yellowness (b*) in accordance with CIELAB colour space
(CIE, 1976).

Instrumental colour measurements were recorded for Lx
(lightness; 0: black and 100: white), a* (redness/greenness;
positive values: red and negative values: green), and b*
(yellowness/blueness; positive values: yellow and negative
values: blue) using a spectrophotometer CM-2600d
(Konica, Minolta, Japan). Due to wet surface of the
sample, we evaluated the colour with shine (SCI).

2.4. Statistical analyses

The data used for statistical analyses represent means of
values obtained in three blood collections performed on
separate days. To compare the results, one-way ANOVA
test was applied to calculate basic statistic characteristics
and to determine significant differences among the
experimental and control groups. Statistical software
SIGMA PLOT 11.0 (Jandel, Corte Madera, CA, USA) was
used. Differences were compared for statistical
significance at the level p <0.05.

RESULTS AND DISCUSSION

3.1. pH levels in stomach, small intestine, large intestine
and urinary bladder with contents

The results of pH levels in stomach, small intestine,
large intestine and urinary bladder with contents are
presented in Figure 1. Application of epicatechin and
patulin of rabbits had slight or no effect on the levels of pH
in selected organs and differences among the groups were
insignificant (p >0.05). Chao- ZHi ZHu et al., (2014)

published that the antioxidant activity of peptides from
Jinhua hams exhibited the strongest scavening activity at
the neutral pH, and there was no significant decrease under
acidic conditions. Even when the pH was reduced to 3, it
still maintained 90% of its DPPH radical scavenging
activity. When the pH was increased to 9, the DPPH
radical scavenging activity sharply declined and at pH 11,
the activity was reduced by 40% compared with that under
neutral pH condition. Deamination is promoted at higher
pH wvalues resulting in changes with structure and
conformation and loss of antioxidant capacity. Different
pH values will affect the actual degradation pathway used
(Patel and Borchardt 1990; Bell and Labuza 1991). It is
important to study the theoretical and practical aspects of
the stability of the antioxidants during processing, storage,
and in the gastrointestinal tract (Sannaveerappa et al.,
2007).

3.2. Nutritional composition of rabbits meat

Results of total water, crude protein, crude fat are
presented in Table 3. Application of epicatechin and
patulin of rabbits had slight or no effect on measured
parameters and differences among the groups were
insignificant (p >0.05). The wvalues of amino acids
(Table 4) were not influenced after application of
epicatechin and patulin. The fatty acid profiles of different
doses of epicatechin and 10 pg.kg™of patulin were similar
and did not differ among the groups (p >0.05) (Table 5).
Concentration of cholesterol (Table 5) increased in
experimental groups in comparison with the control group,
but differences were insignificant (p >0.05). Although
oxidation is recognized as the main cause of deterioration
of meat quality during storage and processing, it is a
crucial reaction to develop typical flavor of meat products,
especially for many kinds of dry-cured meat products with
long-term ripening process (Chizzolini et al., 1998). It is
clear that the main oxidation occurring during meat
processing is auto-oxidation (Gandemer, 1999), which
involves with initiation, propagation and termination steps
(Frankel, 1984). It is known that polyunsaturated fatty
acids undergo auto-oxidation much more readily than
mono or saturated fatty acids (Chizzolini et al., 1998).
Therefore, during meat products processing, the PLs,
which contain greater proportion of polyunsaturated fatty
acids, are more important source for volatiles compared to
triacylglycerols (TGs) (Toldra, 1998). A large number of
volatiles such as alkanes, aldehydes, alcohols, esters and
carboxylic acids are produced from this process, of which
the volatiles with low odour threshold play important roles
for meat flavour perception development. Tang et al.,
(2000) reported that tea catechin supplementation at levels
of 200 and 300 mgkg"' in feed were found to be more
effective in retarding lipid oxidation in all tissues. Several
studies in animals have demonstrated that epicatechin has
beneficial effects in chronic degenerative diseases
(Al-Gayar et al., 2011; Si et al., 2011; Gomez-Guzman
et al., 2011; Mohamed et al., 2011). Animal studies have
shown that patulin is carcinogenic, mutagenic, teratogenic
and highly toxic (Lee and Roschenthaler 1986;
Yanagisawa et al., 1987; Alves et al., 2000; Schumacher
et al.,, 2005). There is no documented evidence of any
adverse effects of patulin to man. Nevertheless, it is
considered to be a contaminant in most countries. The
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wide numbers of health studies done on patulin have
demonstrated that it inhibits several enzymes (Ashoor,
1973). This may be attributed to its reactivity with
sulfhydryl groups (Arafat, 1985). Dickens and Jones
(1961) found that localized tumours developed in rats
when they were repeatedly injected with sub-lethal doses
of patulin. Patulin had no effect on the parameters. High
doses of patulin, administered via the drinking-water,
caused effects on the kidney and gastro-intestinal tract of
Wistar rats. No changes in the relative weight or
histological appearance of the adrenal glands were
observed (Speijers et al., 1988). There are a variety of
supplemental antioxidants employed in practical rabbit
nutrition of which tocoferol (TOH) and vitamin C are the
most widely used. TOH protects cellular membranes
against oxidative damage. It reacts or functions as
a chain-breaking antioxidant, thereby neutralizing free
radicals and preventing oxidation of lipids within
membranes (Morrissey et al., 1994; McDowell, 2000).
Vitamin C can reduce the generation of ROS and might
regenerate a-tocopherol from its oxidized form (Reed,
1992). Some authors suggested that phenolic compounds

could influence secondary metabolites biosynthesis
(Sanzani et al., 2009), but there is no information in
literature regarding the effect of these flavanones on
polyacyltrehalose (PAT) biosynthesis. Mallozzi et al.,
(1996) worked with quercetin and found that this flavonol
reduced 55% the accumulation of aflatoxin B1 at 25 ppm,
and that naringenin, the aglycone of the flavanone
naringin, also reduced aflatoxin Bl in almost 41% at the
same concentration.

3.3.The effect of epicatechin and patulin on processing
technology parameters

The effect of epicatechin and patulin on processing
technology parameters was monitored in this study (Table
6). In the experimental groups we found relatively equal
levels of pH 24h, electric conductivity, colour L and a*, b*
in comparison with the control group. In this study pH 24h
levels in muscle samples in experimental group E3 was
lower when compared with the control group, but
differences were not significant (p >0.05).

b i

& pH stomach

bbb ddbbsddddsdsdss

« pH small intestine

#: pH large intestine

-4 pH bladder

AAASA LA LSS SLSA S S Asd o

Figure 1 pH levels of stomach, small intestine, large intestine and urinary bladder with contents.

Table 3 Effect of epicatechin and patulin on selected nutrients content in samples of Musculus longissimus dorsi of
rabbits (g.100g™).

Parameter C E1l E2 E3 E4
Crude protein 24.29 £0.46 24.67 £0.70 24.26 £0.26 23.91 £0.41 23.84 +£0.07
Crude fat 1.14 £0.25 1.19+0.17 1.06 £0.24 1.21 £0.22 1.26 £0.43
Total water 73.61 £0.38 73.58 £0.41 73.83 £0.28 73.95+0.34 73.88 £0.41

C - control group; El 10 pgkg'patulin; E2 10 upgkg' epicatechin and 10 pgkg patulin;

E2 100 pg kg 'epicatechin and 10 pg.kg'patulin; E3 1000 pug.kg ' epicatechin and 10 pg.kg 'patulin — experimental
groups ; mean =+ SD (standard deviation).
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Table 4 Effect of epicatechin and patulin on content of amino acids in samples of Musculus longissimus dorsi of

rabbits (g.100g™).

Parameter C E1l E2 E3 E4

Arginine 1.47 £0.01 1.46 £0.13 1.52 £0.08 1.62 £0.02 1.54 £0.06
Cysteine 0.34 £0.02 0.34 +£0.03 0.35 +0.02 0.36 £0.01 0.35+0.01
Phenylalanine 0.97 £0.07 0.96 +0.08 1.00 +0.05 1.06 +0.01 1.01 +£0.04
Histidine 1.04 £0.09 1.02 +£0.10 1.14 +0.07 1.24 +0.04 1.16 £0.09
Isoleucine 0.86 £0.08 0.86 £0.09 0.90 +0.05 0.98 +0.03 0.92 +0.05
Leucine 1.87 £0.14 1.85+0.15 1.94 £0.10 2.05£0.02 1.96 £0.08
Lysine 1.96 £0.16 1.95+0.17 2.04 £0.11 2.18 £0.03 2.06 £0.09
Methionine 0.70 £0.05 0.70 £0.06 0.74 £0.04 0.81 +£0.03 0.74 £0.03
Threonine 1.02 +£0.08 1.02 +£0.09 1.08 +£0.05 1.13 +£0.02 1.09 +0.06
Valine 0.96 £0.07 0.96 £0.07 1.03 £0.05 1.08 +0.02 1.04 £0.05

C - control group; E1 10 png.kg'patulin; E2 10 pg.kg" epicatechin and 10 pug.kg'patulin; E2 100 pg.kg'epicatechin
and 10 pg.kg'patulin; E3 1000 pg.kg epicatechin and 10 pg.kg 'patulin — experimental groups ; mean = SD

(standard deviation)

Table 5 Effect of epicatechin and patulin on content of fatty acids (g.100g” FAME) and cholesterol (g.100g™") in
samples of Musculus longissimus dorsi of rabbits.

Parameter C E2 E3 E4

n-3 fatty acid 0.46 +£0,07 0.45+0.12 0.45 +0.07 0.58 +0.06 0.47 £0.04
n-6 fatty acid 7.42 £0.91 7.09 £1.09 7.99 £1.72 10.13 £2.83 8.07 £2.07
PUFA 8.06 +0.74 8.52 +0.79 8.48 £1.22 10.59 £2.23 8.57 +1.51
MUFA 54.91 £0.59 55.32 £1.59 56.28 £1.78 54.97 £2.07 55.37 £2.98
SAFA 40.12 +0.70 40.44 +0.69 40.47 £2.04 38.75 +1.72 40.47 +2.40
Cholesterol 0.18 £0.02 0.26 £0.04 0.21 £0.07 0.26 £0.01 0.24 +£0.07

Polyunsaturated fatty acids (PUFA), monounsaturated fatty acids (MUFA), saturated fatty acids (SAFA), Fatty acids
methyl ester (FAME); C - control group; E1 10 pg.kg'patulin; E2 10 pg.kg" epicatechin and 10 pg.kg ' patulin;
E2 100 pg.kg 'epicatechin and 10 pg.kg 'patulin; E3 1000 pg.kg epicatechin and 10 pg.kg'patulin — experimental

groups; mean + SD (standard deviation).

Table 6 Effect of epicatechin and patulin on selected processing technology parameters in samples of Musculus
longissimus dorsi of rabbits.

item C E1l E2 E3 E4

pH 24 h 5.70 £0.06 5.70 £0.06 5.69 +£0.06 5.61 £0.05 5.74 £0.14
electric conductivity 0.98 +£0.21 1.35+0.47 1.53 £0.32 2.17 £0.99 1.15+0.10
colour L 56.83 £1.07 56.43 £3.14 57.40 £0.99 56.35+1.02 54.50 £1.92
a* -2.17 £0.87 -1.23 +0.73 -1.35+0.98 -0.79 £0.89 -1.37 £1.17
b* 6.48 £1.91 6.99 £1.25 5.61 £0.36 6.39 £0.79 5.25£1.20

C - control group; E1 10 pg.kg'patulin; E2 10 pg.kg" epicatechin and 10 pug.kg'patulin; E2 100 pg.kg 'epicatechin

and 10 pgkg'patulin; E3 1000 pgkg epicatechin and 10 pgkg'patulin — experimental groups;
mean =+ SD (standard deviation).
Volume 9 128 No. 1/2015
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Meat colour is related to the energy metabolism of
muscles, the processing, storage stability of meat and can
be affected by manyfactors. Hernandez et al., (1997); Pla
et al., (1998); Fushi et al., (2006) reported a pH 24h in
muscle M. longissimus dorsi (MLD) 5.6 and 5.7 in the
thigh muscle. Similar values published Ludewig et al.,
(2003). Blasco and Piles (1990) reported pH of MLD
ranging from 5.66 to 5.71. In this study electric
conductivity parameter was increased in each experimental
groups (in E3 the highest). Colour L parameter was
slightly decreased in experimental groups when compared
to the control group (in E3 the lowest). The meat samples
of animals from experimental groups were reddish and
greenish as the control group. This was possibly due to
partial cell breakdown and blood migration caused by the
slow freezing process or to the oxidation of the meat
pigment, which stability depends on animal species,
muscle biochemical characteristics, and some external
parameters (Lyon and Lyon 2002). The lowered pH
values were observed only in rabbits received epicatechin
in injectable form (100 pug.kg™), what could be a result of
less intense of oxidation of myoglobin with consequent
lower levels of metmyoglobin. These results are quite
surprising because of the demonstrated in vitro antioxidant
activity of epicatechin, thus the reason of the lack of the
same positive effect in muscle tissue is unclear (Wang et
al., 2007). Epicatechin protects cells from oxidative insults
by modulating the cellular antioxidant defences and
reducing reactive oxygen species (ROS) production in the
presence of stressors (Chen et al., 2002; Azam et al.,
2004; Kinjo et al., 20006).

CONCLUSION

In conclusion, intramuscular administration of
epicatechin and patulin had no effect on the selected
parameters of meat quality (M. longissimus dorsi) of
broiler rabbits. Research on the field of interactions among
epicatechin and patulin in animal bodies and the questions
of safety levels can also have a positive impact on the
safety of food and will be worthy of further investigation.
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HEALTH SAFETY ASPECTS OF FOODSTUFFS INTENTED
FOR PHENYLKETONURICS

Stanislava Matejova, Martina Fikselova, FrantiSek Burika

ABSTRACT

Phenylketonuria is a rare metabolic disorder that occurs due to the lack of liver enzyme phenylalanine hydroxylase.
Untreated it leads to mental retardation, delayed development of speech, microcephaly, epilepsy, behavioral problems etc.
Its treatment consists of strict diet, very low in phenylalanine content. The aim of this study was to determine the health
safety and suitability of 17 selected foods labeled as ,,low in protein® respectively ,,foods low in phenylalanine®. Analyses
were focused on their phenylalanine content and aminoacid representation. The other aim was to compare phenylalanine
measured with the content declared by the producers on their label. By product origin, the largest amount of foodstuffs
originated from Poland (59%), followed by Germany (23%) and equal representation (6%) had Slovakia, Hungary and
Sweden. Automatic analyzer AAA 400, using ion exchange chromatography, analyzed the samples. The lowest determined
phenylalanine content was 1 mg.100g™ (in rubber candy) and the highest 299 mg.100g™ (in paté). Powdered egg alternative
was monitored as the second highest source of phenylalanine. Phenylalanine content in the monitored foods ranged from 1
t0 299.6 mg. 100 g™ respectively, and increased in the following order: Gum candies (1 mg.100g™) < Cherry jelly (1.4 mg.
100g") < Flour (58 mg.l100g") < Flour (5.9 mgl100g") < Spaghetti (8.7 mgl100g") < Pasta
(9.9 mg.100g™) < Waffle (14.2 mg.100g™) < Salty sticks (23.8 mg.100g™) < Chocolate (24.1 mg.100g™) < Bread
(26 mg.100g™) < Breadcrumbs (27.1 mg.100g™) < Sticks with salt (30.3 mg.100g™) < Ice Cornets (30.8 mg.100g™)
< Walnut cookie (37.2 mg.100g™) < Instant soup with noodles (46.1 mg.100g™) < Powdered egg alternative (58 mg.100g™)
< Pate (299.6 mg.100g™). Only seven products of 17 observed showed low phenylalanine content, less than 20 mg.100g™.

Keywords: phenylketonuria; phenylalanine; low-protein product; acid hydrolysis; chromatography

INTRODUCTION

Phenylketonuria (PKU) is an autosomal recessive
inherited disorder of phenylalanine metabolism due to
alack of the enzyme phenylalanine hydroxylase. Most
forms of PKU and hyperphenylalaninemia (HPA) are
caused by mutations in a gene on chromosome 12 of
phenylalanine hydroxylase (PAH) (Burnett et al., 2008).
Currently, more than 400 known mutations are identified
in the gene for PAH. Lack of or insufficient activity of the
phenylalanine hydroxylase causes accumulation of
phenylalanine (Phe), and phenyl ketone excretion in the
urine. Any increase in the concentration of phenylalanine
in the blood results in central nervous system damage
(Strnova and Urge, 2007).

Phenylalanine (Phe) is an essential amino acid that is a
precursor of melanin, dopamine, and thyroxine. It is an
essential amino acid and its natural occurrence in food is
usually sufficient (mean content 3.5%). In protein foods,
Phe constitutes about 4-5% (VeliSek and Hajslova, 2009).
The artificial sweetener aspartame is also high source of
phenylalanine. The ADI for aspartame for healthy person
is 40 mg/kg body weight (EFSA, 2014).

In PKU patients, a restriction of foods rich in protein
(meat, fish, eggs, bread, dairy products, nuts and seeds), as
well as avoidance of drinks containing aspartame help to
control blood phenylalanine levels. The developing fetus

of women suffering from PKU is particularly sensitive to
their mother’s phenylalanine levels (EFSA, 2014). The
basic treatments of PKU are mixture preparations of
aminoacids. Their use ensures an adequate supply of
amino acids without phenylalanine, thereby compensating
reduced protein intake in low protein dietary regime.
Patients with phenylketonuria usually get these foods by
medical prescription as most of these foodstuffs can
belong to the group of foods for special medical purposes
(Strnova and Urge, 2007), which safety is defined by the
Commission Directive 1999/21/EC.

Untreated children with persistent
hyperphenylalaninemia (PKU) show brain damage.
Symptoms include microcephaly, epilepsy, mental

disability and behavioral problems. By the use of neonatal
screening and early dietary intervention, children born
with PKU can live a relatively normal life (Burnett et al.,
2008; Mitchell, 2000).

The application of diet at an early age of life can
significantly reduce mental deficiencies associated with
phenylketonuria. Dietary measures are based on the foods
containing a minimum of Phe, while preserving the normal
content of tyrosine and other proteins in food. This is often
achieved by substitution of phenylalanine free proteins.
Dietary restriction of natural proteins reduces and
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maintains the level of Phe in the blood (Macdonald et al.
2009; Poustie and Wildgoose, 2010; Svacina, 2008).

The aim of this work was to analyze selected amino acids
(aspartic acid, threonine, serine, glutamic acid, proline,
glycine, alanine, valine, isoleucine, leucine, tyrosine,
phenylalanine, histidine, lysine, arginine) in seventeen
food samples, declared by the producer as "Low-protein
foods” respectively “Foods low in phenylalanine content "
by automatic analyzer AAA 400 and consequently to
evaluate their safety and suitability for a particular
nutritional use. To compare the content of phenylalanine
declared on the label with content of phenylalanine
measured.

Table 1 Overview of the material tested.

MATERIAL AND METHODOLOGY

As material used were the foodstuffs offered for
phenylketonurics obtained from internet sale and labeled
as food suitable for phenylketonurics as ,,low in protein®
respectively ,.foods low in phenylalanine”. Overview of
the material used is given in Table 1.

By origin of products, most of them originated from
Poland (59%), followed by Germany (23%) and equal
representation (6%) had Slovakia, Hungary and Sweden.

Fifteen amino acids (aspartic acid, threonine, serine,
glutamic acid, proline, glycine, alanine, valine, isoleucine,
leucine, phenylalanine, tyrosine, histidine, lysine and
arginine) were determined in observed samples using ion-
exchange chromatography. The total amount of amino

No. Product Producer Main components
1. Pate Producer A, bacon, pork, liver, onion, water, salt, stabilizer E 250, spice, emulsifier
Germany
2. Breadcrumbs Producer 1,  gluten free wheat starch, corn starch, vegetable oil, glucose, sugar, yeast, salt,
Poland guar gum, E 464, fibre, raising agents, E 500, E 575
3. Spaghetti Slovakia corn starch, modified corn starch, emulsifier E 471, dye curcuma (E 100)
4. Instant soup Producer 1, maltodextrin, gluten free pasta, corn starch, water, salt, mono and diglycerides
with noodles Poland of fatty acids, E 464, E 575, betacarotene, salt, monosodium glutamate,
vegetable oil, carrot, sugar, onion, aroma, celery, leek, black pepper, parsley
stalk, curcuma, citric acid
5. Sticks with Producer 1,  corn starch, salt, wheat starch gluten free, vegetable oil, sugar, yeast, guar gum,
salt Poland E 464, salt, fibre, E 500, E 503, mono and diglycerides of fatty acids, lecithin,
E 575
6.  Walnut cookic  Producer 2, corn starch, gluten free wheat starch, vegetable oil, sugar, walnuts, peanuts, oil,
Poland pectin, guar gum, pectin, glucose, butter essence, mono and diglycerides of
fatty acids
7.  Powdered egg  Producer B, corn starch, mono and diglycerides of fatty acids, palm oil, xanthan, rice flour,
alternative Germany pea protein
8. Salty sticks Producer 2, margarine, corn starch, gluten free wheat starch, water, sugar, potato starch,
Poland yolk, guar gum, yeast, potato syrup, wheat gluten free cellulose, salt, E 503,
mono and diglycerides of fatty acids, lecithin, vanillin
9. Chocolate Producer C, cocoa butter, sugar, butter, cocoa matter, powdered whey, vanilla
Germany
10. Pasta Hungary corn starch, water, fatty acids, E 471
11. Waffle Producer 2,  gluten free wheat starch, corn starch, guar gum, bamboo fibre, glucose, apple
Poland pectin, mono and diglycerides of fatty acids
12. Cherry jelly Producer 2,  sugar, glucose syrup, water, agar, citric acid, cherry aroma, dye E 124
Poland
13. Ice Cornets Producer 2,  corn starch, gluten free wheat starch, potato starch, sugar, yolk, guar gum
Poland
14. Bread Producer 1,  gluten free wheat starch, water, vegetable fat, sugar, glucose, yeast, salt, carob,
Poland guar gum, E 464, fibre, E 500, E 575
15. Gum candies Producer C, potato and tapioca starch, citric acid, malic acid, galactic acid, calcium citrate,
Germany arome, fruit concentrates, vegetable extracts (blackberries, carrot, pepper,
curcuma, spirulina, nettle, spinach), natural dye : chlorophyll, vegetable oil,
beeswax, carnauba wax
16. Flour Producer 1,  gluten free wheat starch, glucose, corn starch, guar gum, E 464, vegetable
Poland fibre, E 500, E 575
17. Flour Sweden wheat starch (max. 0.2 g gluten/100 g), oligofructose, guar gum, vitamins,
ferrum
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acids and phenylalanine content of food products were
monitored after 23-hour acid hydrolysis using HCI
(6 mol.dm™) and 115 +2 °C. After the hydrolysis, the test
tubes were cooled down to 20°C. Hydrochloric acid was
evaporated and the ropy residue was diluted in loading
buffer in a 25 cm™ volumet