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EDIBLE WILD PLANTS GROWING IN ADJACENT SPONTANEOUS
VEGETATION OF ENERGY PLANTATIONS IN SOUTHWEST SLOVAKIA

Lydia Koncekovad, Daniela Halmova, Alexander Fehér

ABSTRACT

This paper evaluates the potential and perspectives of wild plant species and macrofungi from short rotation coppice. The
research was conducted during the years 2014 — 2018 in stands of short rotation coppice willow and miscanthus grass in
southwest of Slovakia. Evaluated wild plant species and macrofungi were divided into four groups (green vegetables, fruits
and seeds, flowers and nectar, subterranean parts). The results showed that ground flora of short rotation coppice consisted
of 74 edible species from 34 botanical families. Asteraceae, Rosaceae, Poaceae, Polygonaceae and Cichoriaceae families
were represented the most. From the evaluated categories the most species belonged to the category with consumable aerial
parts like leaves and shoots (59 species). The similar representation of species was found in the category of wild fruits and
seeds consumed in the raw or preserved state and in category of edible subterranean parts (27 species and 22 species
respectively). Principal component analysis showed that the edible parts with the strongest effect on the functional group

differentiation were the fruits, seeds and subterranean parts.

Keywords: edible plant; miscanthus; short rotation coppice; SW Slovakia; wild plant

INTRODUCTION

The wild flora has played an essential role in human
feeding (Torija-Isasa and Matallana-Gonzales, 2016).
The interest in wild edible plants is not only in terms of
increasing dietary balance (sufficient trace elements,
vitamins and minerals) but also due to their link to human
health (Tardio, Pardo-de-Santayana and Morales,
2006). At present, wild plants play an equally important
role in protecting biodiversity and providing various
ecosystem services. Rowe, Street and Taylor (2009) state
that miscanthus and short rotation coppice (SRC) stands
have a positive potential impact on biodiversity. Compared
to arable land use, they create different structural and
functional biotope types with a greater diversity of species
due to their longer rotation period, less number of
disturbances and chemical inputs and richer spatial
structure (Fry and Slater, 2009; Dauber, Jones and
Stout, 2010; Rowe et al., 2011; Verheyen et al., 2014).

The benefits that SRC stands can provide consist of
provisioning services (production of food, category
nutrition — food, crops, wild foods) (MEA, 2005). In the
past, wild plant species were collected and used for food,
medicine and social issues (during times of famine or
conflicts). Nowadays, the increasing interest is based on
efforts to provide food security in times of agricultural
crisis or use in regional/local cuisine (Turner et al., 2011;
Luczaj, 2012; Simkova and Polesny, 2015). The

gathering of wild plants is not only an active living custom
(Christanell et al., 2010) but it is also a source of cultural
identity (cultural services) that is forming an important
knowledge about the environment and sustainable living
known as traditional ecological knowledge (Turner et al.,
2011). While the issues/reviews of the traditional use of
edible plants have been evaluated in several works in
Slovakia (Luczaj, 2012; Stoli¢na, 2016) and abroad
(Dogan et al., 2004; Dénes et al., 2012; Di Novella et al.,
2013; Guarrera and Savo, 2016; Kuklina and
Vinogradova, 2018), the prospective use of such species
from energy plantations has not yet been studied.

Scientific hypothesis

Taking into account the specific ecological
environmental and cultivation-technological conditions of
the stands of energy plants, we assumed a high diversity of
vascular spontaneous plant species, providing the
possibility of occurrence of species with edible parts.

MATERIAL AND METHODOLOGY

The research was carried out on permanent experimental
plots established in the agricultural land on a research base
of the Slovak University of Agriculture in Nitra in the
catastral area of the Kolinany village (Nitra district area,
SW Slovakia). The area belongs to the moderately warm
and moderately humid climate region with a sum of
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temperatures of 2200 — 2500 °C and an average annual
rainfall of 550 — 700 mm. The soil is medium-heavy, the
soil type is gley fluvisol. The stands of the species used for
energy purposes were established in 2009, consisting of
the Swedish willow varieties Tordis (Salix schwerinii x S.
viminalis), Inger (Salix triandra % S. viminalis) and energy
grass (Miscanthus xgiganteus).

The study of herbaceous species and macrofungi in SRC
undergrowth was carried out in the growing periods of
2014 — 2018 at 14-day intervals. The permanent research
plots had an area of 2 m x 12 m. The willow varieties were
planted from the cuttings in a double-row spacing
configuration resulting in a plant density of
8889 plants per ha. The rhizomes of energy grass were
planted in 1 x 1 m spacing on an area of 100 m’
(10,000 plants per ha). A three-year harvest cycle is
applied for the willow varieties and the harvest cycle for
M. x giganteus is one year. Based on soil analysis carried
out at the beginning of the research period (2014), the soil
pH ranged from 7.22 to 7.30. The average humus content
was 2.31% and the average nitrogen content was
1479 mgkg'. The herbicides were applied only prior to
the establishment of the research plots in 2009. The
vegetation structure was studied using phytocoenological
reléves. The presence of species and their relative
abundance were assessed using the modified Braun-
Blanquet cover-abundance scale for estimating species
quantities (Braun-Blanquet, 1964; Mueller-Dombois
and Ellenberg, 1974).

Individual identified species were divided into four
categories (VEG, FRU, SUB and FLO). The category
green vegetables “VEG” consisted of species whose
above-ground parts (leaves and stems) were used raw,
cooked or fried. Wild fruits and seeds consumed in the raw
or preserved form represented the “FRU” category. Plants
with edible subterranean parts (rhizomes, roots and tubers)
were included in the “SUB” category and species with
flowers whose nectar was consumed raw or flowers were
added in larger quantities to meals and beverages were
categorized as “FLO”. In this paper, the classification of
species to individual categories was based on a partially
modified methodology used in Luczaj (2012) and
Simkova and Polesny (2015) and the literature sources
listed in the References. The nomenclature of the lower
and higher plants has been unified according to Marhold
and Hindak (1998).

Statistical analysis

Ordination analysis of the species importance in terms of
providing edible parts was conducted by the principal
component analysis (PCA) in Canoco for Windows
version 4.5 and CanoDraw 4.0 (Braak and Smilauer,
2002).

RESULTS AND DISCUSSION

Of the 92 species found in the undergrowth of the trees
and plants grown for energy purposes, 74 were edible
species. These species represented 73 vascular plants and
1 fungus (Table 1a and Table 1b). The species belonged to
34 Dbotanical families. The list of the edible species
included 9 tree species, 4 shrub species, 32 perennial
species, 22 annual species and 7 biennial species. The

most common families of the edible species were
Asteraceae and Rosaceae (8 species each), Poaceae
(7 species), Polygonaceae and Cichoriaceae (5 species
each). The most represented was the category of green
vegetables with 59 species. The category of fruits (raw or
preserved) included 27 species and 22 species belonged to
the category of wild plants with edible underground parts
(subterrancan parts). The least represented was the
category of flowers with 17 species.

According to the ethnobotanical review of wild edible
plants of Slovakia (Luczaj, 2012), the most frequently
used wild edible plants in Slovakia included the fruits of
Rubus idaeus, Fragaria spp., Rubus subgenus Rubus,
Vaccinium myrtillus, V. vitis-idaea, Fagus sylvatica,
Corylus avellana, Prunus spinosa, Pyrus spp., Malus spp.,
Crataegus spp. and the leaves of Urtica dioica, Rumex
acetosa, Chenopodiaceae species, Cardamine amara,
Glechoma spp., Taraxacum spp. and Oxalis acetosella.
This species list is similar to our observations (cf.
Recorded species of Rubus genus, Prunus spinosa,
Carataegus spp., Urtica dioica, Chenopodiacea species,
Glechoma spp. and Taraxacum spp.) and we can confirm
that similar or identical plant species with high edibility
potential have been collected for food by local people in
Slovakia. The category of green vegetables consisted of
plants whose above-ground parts (leaves and stems) are
edible raw or cooked, steamed or fried. The most
represented were the families Asteraceae, Poaceae and
Rosaceae that had the same number of species (6). The
second was the family Cichoriaceae with 5 species
(Figure 1).

Despite the high number of identified species in the
category of fruits and seeds (27 species), the most
represented family of Rosaceae included only 6 species in
this category. Other families consisted of two species (fam.
Brassicaceae, Poaceae, Polygonaceae and Solanaceae)
and/or one species with fruits or seeds edible in the raw or
preserved state (Figure 2).

The category of edible subterranean parts (roots,
rhizomes and tubers) included mostly species of the
Asteraceae family (4 species). Other families had a similar
number of species as the category of fruits and seeds. The
families Brassicaceae, Poaceae, Rosaceae and Violaceae
had two species each. Other families had only one species
within this category (Figure 3).

The category of flowers and their nectar eaten raw or
flowers added in larger quantities to dishes and beverages
consisted of the Asteraceae family with three species and
the Violaceae family with two species. The other families
were represented in lower numbers (Figure 4).

The results of the species assessment based on their
proportion to the supply of edible parts for human
consumption (directly or processed) showed that different
species contributed differently in their supply. Differences
were apparent also at higher taxonomic levels, e.g. at the
genera level and/or the family level. The indirect linear
ordination method of PCA (Figure 5) showed that the taxa
differentiation was clearly visible on the biplot, therefore
the relation detrending was not necessary. The first two
component axes of PCA accounted for 65.0% of explained
variance. The clusters of species based on the edible part
showed that the strongest effect on the differentiation of
functional groups (clusters) had the species in the
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categories of fruits, seeds and subterranean parts.
Categories of flowers and green vegetables showed less
effect. The category of flowers was supported by a small
number  of  species (Capsella bursa-pastoris,
Tripleurospermum perforatum and Humulus lupulus). The
category of green vegetables was represented by the
largest number of species and therefore became a general
criterion and not very useful in the formation of functional
plant groups (e.g. Anagallis arvensis, Stellaria media,
Lactuca serriola, Mentha longifolia, etc.). Groups of
species were formed also at various transition gradients.
There was a stronger link between the categories of
flowers and subterranean parts, while the link was weaker
between the categories of green vegetables and fruits. The
species of the Asteraceae family were scattered relatively
evenly but were centred in the axis areas of the VEG, SUB
and FLO categories. A similar situation occurred in the
case of Poaceae species that traced the distribution of
Asteraceae species in the VEG and SUB categories.
However, grasses were surprisingly lacking in the FRU
category (edible grains in spikelets are common for the
species of the Poaceae family). An exception was
Echinochloa crus-galli. Some typical synanthropic
families (e.g. Chenopodiaceae and Amaranthaceae) have
accumulated in the VEG and FRU categories.
Representatives of the Rosaceae family (Cerasus,
Crataegus, Padus, Prunus, Rosa and Rubus species)
behaved similarly, but representatives of the herbaceous
species of this family were found in the transition between
the SUB and VEG categories (Geum wurbanum and
Potentilla anserina). It is an interesting result confirming
that there may be different edibility of organs depending

GREEN VEGETABLES
10.34
10.34
48.23 6.90
5.17
8.62

Poaceae Asteraceae
Brassicaceae m Rosaceae
Polygonaceae Cichoriaceae

Figure 1 Most representated botanical families
in category of green vegetables [in %].

on the species lignification even in the same family. Taxa
of the Cichoriaceae family were typically represented in
the VEG category (genera Lactuca, Lapsana and
Sonchus).

Our results are in accordance with the synthesis of
knowledge on wild food as an ecosystem service in Europe
(Schulp, Thuiller and Verburg, 2014). The same is true
for Central-Eastern Europe. In the Czech Republic, the use
of 175 vascular plant species (the highest number of taxa
belonged to families Rosaceae, Asteraceae and Ericaceae)
(Simkova and Polesny, 2015), in the part of the
Carpathians and the Carpathian Basin (Hungary and
adjacent countries) 236 plant species belonging to
68 families (Dénes et al., 2012) and in the Pannonian
region of Croatia a total of 44 plant taxa belonging to
25 families (the highest number of taxa belonged to
families Asteraceae, Lamiaceae and Rosaceae) were
recorded (Zuna Pfeiffer et al., 2019). Considering the
high number of edible wild plants in the spontaneous
vegetation of SRC the perspective of edible wild plants
collection is high in comparison with the avarage number
of collected edible wild plants in Central-Eastern part of
Europe.

Our research evaluated the potential of edible wild plants
only but the potential provisioning ecosystem services are
not necessarily collected and used by people (Rasmussen
et al., 2016). In spite of that, the high value of ecosystem
services from small forest patches in agricultural
landscapes (Decocq et al., 2016) and values of wild foods
in agricultural systems (Bharucha and Pretty, 2010) are
of high importance.

FRUITS AND SEEDS

8.00

8.00

52.00
Poaceae Brassicaceae
m Rosaceae Polygonaceae
m Solanaceae Others

Figure 2 Most representated botanical families
in category of fruits and seeds [in %].
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SUBTERRANEAN PARTS FLOWERS
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45.50
11.76
70.56
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Brassicaceae m Rosaceae Violaceae
Violaceae Others Others
Figure 3 Most representated botanical families Figure 4 Most representated botanical families
in category of subterranean parts [in %]. in category of flowers [in %].
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Figure 5 Principal component analysis of functional groups of edible wild plants in energy plantations. The first two
axes accounted for 65.0% of explained variance. Note: Ordinal numbers of species are in accordance with Table 1.
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Table 1a List of edible wild plants in energy plantations on permanent experimental plots in Kolinany.

Species Family Use categories

1 Acer pseudoplatanus Aceraceae VEG

2 Amaranthus powellii Amaranthaceae VEG

3 Amaranthus retroflexus Amaranthaceae VEG, FRU

4 Anagallis arvensis Primulaceae VEG

5 Arctium lappa Asteraceae VEG, SUB

6  Artemisia vulgaris Asteraceae VEG

7  Atriplex patula Chenopodiaceae VEG

8  Bromus sterilis Poaceae VEG, SUB

9  Calamagrostis epigejos Poaceae VEG

10 Calystegia sepium Convolvulaceae SUB

11 Capsella bursa-pastoris Bassicaceae VEG, SUB, FLO, FRU
12 Cardaria draba Bassicaceae VEG

13 Cerasus avium Rosaceae VEG, FRU

14 Cirsium arvense Asteraceae VEG, SUB

15 Clematis vitalba Ranunculaceae VEG

16  Convolvulus arvensis Convolvulaceae VEG, FLO, FRU
17 Crataegus laevigata Rosaceae VEG, FRU

18  Cucubalus baccifer Caryophyllaceae VEG

19  Daucus carota Apiaceae VEG, SUB, FLO
20  Dipsacus fullonum Dipsacaceae SUB
21 Echinochloa cruss-galli Poaceae FRU
22 Elytrigia repens Poaceae VEG, SUB
23 Epilobium hisutum Onagraceae SUB
24 Equisetum arvense Equisetaceae VEG
25 Fallopia convolvulus Polygonaceae FRU

26  Galium aparine Rubiaceae VEG, FRU

27  Geum urbanum Rosaceae VEG, SUB

28  Helianthus annuus Asteraceae SUB

29  Humulus lupulus Cannabaceae VEG, SUB, FRU
30  Hypericum maculatum Hypericaceae VEG, FLO, FRU
31  Chenopodium album Chenopodiaceae VEG

32 Juglans regia Juglandaceae FRU

33 Lactuca serriola Cichoriaceae VEG

34 Lamium purpureum Lamiaceae VEG, FLO

35 Lapsana communis Cichoriaceae VEG

36  Lathyrus tuberosus Fabaceae SUB, FRU

37  Lycium barbarum Solanaceae FLO, FRU

38  Marasmius oreades Tricholomataceae FRU

39  Mentha longifolia Lamiaceae VEG

40  Mercurialis annua Euphorbiaceae VEG

41  Padus serotina Rosaceae FRU

42 Papaver rhoeas Papaveraceae VEG, FLO, FRU
43 Persicaria lapathifolia Polygonaceae FRU

44 Picris hieracioides Cihoriaceae VEG

45 Plantago major Plantaginaceae VEG, SUB

46  Plantago media Plantaginaceae VEG

47  Poa annua Poaceaa VEG

48  Poa pratensis Poaceae VEG

49  Polygonum aviculare Polygonaceae VEG

50 Potentilla anserina Rosaceae VEG, SUB

51  Prunus domestica Rosaceae VEG, FRU

52 Quercus petraea Fagaceae VEG, FRU

53 Raphanus raphanistrum Bassicaceae VEG, SUB

54 Robinia pseudoacacia Fabaceae VEG, FLO

55 Rosa canina Rosaceae VEG, FLO, FRU
56  Rubus caesius Rosaceae VEG, FRU

Note: The categories used: VEG — species with edible above-ground parts (leaves and stems), FRU — species with wild
fruits and seeds consumed in the raw or preserved form, SUB — plants with edible subterranean parts (rhizomes, roots
and tubers), FLO — species with flowers whose nectar was consumed raw or flowers were added to meals and beverages.
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Table 1b List of edible wild plants in energy plantations on permanent experimental plots in Kolinany.

Species Family Use categories

57  Rumex crispus Polygonaceae VEG

58  Rumex acetosella Polygonaceae VEG, SUB

59  Sambucus nigra Caprifoliaceae FLO, FRU

60  Senecio vulgaris Asteraceae VEG

61  Setaria viridis Poaceae VEG, FRU

62  Solanum nigrum Solanaceae VEG, FRU

63 Sonchus oleracea Cichoriaceae VEG

64  Stellaria media Caryophyllacae VEG

65 Swida sanguinea Cornaceae FRU

66  Symphytum officinale Boraginaceae VEG, SUB, FLO
67  Tanacetum vulgare Asteraceae VEG, FLO

68 Taraxacum sect. Ruderalia Cichoriaceae VEG, SUB, FLO
69  Thlaspi arvense Brassicaceae VEG, FRU

70  Tripleurospermum perforatum Asteraceae FLO

71 Tussilago farfara Asteraceae VEG, SUB, FLO
72 Urtica dioica Urticaceae VEG, FRU

73 Viola arvensis Violaceae VEG, SUB, FLO
74 Viola canina Violaceae VEG, SUB, FLO

Note: The categories used: VEG — species with edible above-ground parts (leaves and stems), FRU — species with wild
fruits and seeds consumed in the raw or preserved form, SUB — plants with edible subterranean parts (rhizomes, roots
and tubers), FLO — species with flowers whose nectar was consumed raw or flowers were added to meals and

beverages.

CONCLUSION

Based on the results, it can be concluded that:
-SRCs are characterized by a high diversity of species
(92 species found), with the vast majority (74 species) of
edible species (whole plants or some parts consumable),
-the most numerous were the Asteraceae, Rosaceae (8)
and Poaceae (7) families,

the most frequent species (59) were in the VEG category,
the above-ground parts of which are edible raw state or
processed,

a similar representation of species was found in the FRU
(27 species) and SUB (22 species) categories,

the PCA showed that based on the edible part, the most
important effect on the differentiation of functional groups
had the species in FRU and SUB categories,

a strong correlation was found between the FLO and
SUB categories.

The results confirmed the high diversity of vascular plant
species (92) with a high proportion of species with edible
parts (74).
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THE EFFECT OF PROCESSED TEMPEH GEMBUS TO HIGH SENSITIVITY
C-REACTIVE PROTEIN (hsCRP) AND HIGH-DENSITY LIPOPROTEIN (HDL)
LEVELS IN WOMEN WITH OBESITY

Desti Ambar Wati, Fika Shafiana Nadia, Muflihah Isnawati, Mohammad Sulchan,
Diana Nur Afifah

ABSTRACT

Obesity causes chronic inflammatory reaction is characterized by elevated levels of high sensitivity c-reactive protein
(hscrp). Hscrp and hdl could be used as an early marker of cardiovascular disease risk. Tempeh gembus contain fiber,
unsaturated fatty acids and antioxidants, which can reduce the inflammatory reaction. This study determines the effect of
processed Tempeh gembus on hsCRP and HDL in obese women. This study included in experimental studies with
randomized post-test only control group design involving 40 obese women aged 20 — 50 years. Subjects were randomized
into two groups: a control group was given a standard diet low in calories 30 calories’kg body weight, and the treatment
group was given a standard diet low in calories 30 calories’kg body weight and Tempeh gembus for 28 days. hsCRP and
HDL levels were measured before and after the intervention, food intake was measured by using a 3 x 24-hour recall and
physical activity (IPAQ form). HsCRP levels were measured using the ELISA method, whereas HDL levels were measured
using the CHOD-PAP method. Wilcoxon test (hsCRP levels) and paired #-test (HDL levels) used to test differeces before
and after intervention each group. Mann Whitney test (hsCRP levels) and independent sample test (HDL levels) used to test
differeces before and after intervention between groups. There are differences in hsCRP levels before and after the
intervention in the control group (p = 0.00) and the treatment group (p = 0.00). There are differences in HDL levels before
and after the intervention in the control group (p = 0.00) and the treatment group (p = 0.00). There are differences in the
decrease hsCRP levels between the two groups (p = 0.00). There are differences in the increase in HDL levels between the
two groups (p = 0.03). Tempeh gembus 150 grams/day can decrease hsCRP levels and increase HDL levels in women with
obesity.

Keywords: Tempeh gembus; hsCRP; HDL; women; obesity

INTRODUCTION

Obesity is excessive fat accumulation due to an
imbalance between energy intake and energy released by
the body so that it can interfere with health (WHO, 2016).
Obesity is the cause of half the cases of hypertension that
increases the risk of cardiovascular disease (Sizer and
Whitney, 2017). Cardiovascular disease is caused by
narrowing, blockage of coronary arteries and reduced
elasticity of blood vessels due to atherosclerosis
(Herrington et al., 2016). Atherosclerosis is a progressive
disease, even estimated to have occurred since the age of
10 — 20 years with the formation of fat streaks walking
slowly and continues to grow by 3% per year since past
the age of 20 years. Atherosclerosis occurs due to the
interaction of various risk factors, including obesity,
hypertension, diabetes mellitus, smoking habits, the aging
process, atherogenic dyslipidemia, and pro-inflammatory
conditions (Badimon, Robert and Gemma, 2011).

Obesity can also lead to the occurrence of the reaction
inflammation due to their secretion of cytokines and pro-
inflamator (Harford et al., 2011). Inflammatory reactions
cause damage to endothelial function resulting in an
increase in stroke volume and cardiac output. Excessive
adipose tissue causing chronic inflammatory reactions due
to cytokine secretion and proinflamator by adipocyte cells
are characterized by increased levels of high sensitivity
C-reactive protein (hsCRP), Tumor Necrosis Factor (TNF-
a), interferon-gamma (IFN y) and interleukin-6 (IL-6)
(Guillen et al., 2008; Libby, Ridker and Maseri, 2002).
hsCRP is a biomarker that is sensitive to the occurrence of
inflammation in the body and is a strong predictor of the
incidence of cardiovascular system disease (Tully et al.,
2015). Increased levels of hsCRP in the long term
indicates a process of chronic inflammation (Pravin and
Devang, 2011).

Increased adipose tissue in obesity is closely related to
the consumption habits of foods that are high in fat and
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low in fiber. Excessive fat intake will affect adipose tissue
especially visceral fat to express responses to various
stimuli, one of which is an increase in the release of free
fatty acids by adipose tissue which can stimulate increased
secretion of very low density lipoprotein (VLDL) in the
liver which in turn results in increased triglycerides, low
density lipoprotein (LDL), and decreased high density
lipoprotein (HDL) (Wang and Peng, 2011). Low HDL
levels are not able to prevent the activation of pro-
inflammatory mediators in the form of cytokines such as
TNF-a, IL-6 and CRP. The results showed that subjects
with HDL levels greater than 60 mg/dL had a lower risk of
developing coronary heart disease because an increase of 1
mg/dL HDL levels could reduce the risk of coronary heart
disease by 2% in men and 3% in women (Rajagopal,
Suresh and Alok, 2012).

Prevention and management of cardiovascular disease
can be done by optimizing the consumption of functional
foods with high protein fermented foods that are suspected
to be able to prevent cardiovascular disease (Bowen et al.,
2018; Anand et al, 2016). Tempeh gembus is one of
Indonesia's original food products made from fermented
tofu-based fermentation that functions as a substrate then
the tempeh mushroom (RhAizopus oligosporus) is added as
a microorganism. The main content of Tempeh gembus is
fiber. The fiber content in 100 grams of Tempeh gembus is
3.93 grams, three times more than the fiber content in
soybean Tempeh (Sulchan and Endang, 2007; Li, Qiao
and Lu, 2012). High-fiber diet (=25 grams of soluble fiber
and >47 grams of insoluble fiber) per day can reduce the
risk by up to 50% of stroke in the population (Casiglia et
al., 2013). Other research shows that the Tempeh gembus
which is processed into snacks, namely Kerupuk Gembus
contains quite high fiber as much as 54.4 — 67.4% (Afifah
et al,, 2019a). The fiber content in fempeh gembus has
anti-inflammatory, anti-carcinogenic effects, can reduce
gastrointestinal transit time which is good for treating
diarrhea and constipation (Gropper, Smith, and Groff,
2012). Fresh Tempeh gembus contains 1.87% fat, 11.09%
fiber, 4.90% protein, 89.67% protein digestibility, 14.03%
amino acids, 48.07% antioxidant activity, 0.05% genistein,
and 0.07% daidzein (Afifah et al., 2019b). In addition
Tempeh gembus also contains unsaturated fatty acids
linoleic acid (21.51%), linolenic aid (1.82%) and oleic
(16.72%) (Sulchan and Endang 2007; Sulchan and
Rukmi 2007). Damanik et al. (2018) showed that the
saturated fatty acid content in Tempeh gembus (12.55%)
was higher than the saturated fatty acid in soybean
(12.01%) and tofu residue (12.41%). The content of oleic
acid in Tempeh gembus can suppress the production of
pro-inflammatory cytokines. Giving Tempeh gembus in
rats fed atherogenic diet can reduce hsCRP levels (Dewi et
al., 2018). Research conducted by Noviana et al. (2018)
on Tempeh gembus hydrolyzate which was given 5000
ppm and 8000 ppm bromelin enzymes were able to
prevent the microbial activity of S. aureus, B. subtilis, and
S. mutans. Tempeh gembus also contains fibrinolytic
protease-producing microbes, namely Bacillus pumilus 2 g
(AB968524). Pure fibrinolytic enzymes from Bacillus
pumilus 2 g are included in the serine protease group of
subtilin which can degrade the a and P chains of
fibrinogen quickly so that it has the potential to prevent
cardiovascular (Afifah et al., 2014). Tempeh gembus has

also been shown to reduce oxidative stress. Giving Tempeh
as much as 25 g.kg! of Sprague Dawley rats for 28 days
on an atherogenic diet, can reduce levels of malonaldehyde
and homocysteine. A significant decrease occurred in the
administration of fresh Tempeh gembus and gembe
gembus which were given bromelain enzyme
25 ppm (Kurniasari et al., 2017). Giving Tempeh gembus
with a dose of 8% and 12% for 5 weeks in experimental
animals showed a decrease in levels of total cholesterol,
LDL cholesterol and increased HDL (Afifah et al., 2014).

Scientific hypothesis
We investigate several hypotheses in our study:

a. Provision of processed Tempeh gembus affects the
decrease in levels of high sensitivity c-reactive protein
(hsCRP),

b. Provision of processed Tempeh gembus has an effect
on increasing levels of high density lipoprotein (HDL).

MATERIAL AND METHODOLOGY

This study is a true experimental study using a pre-post
randomized control group design (Sastroasmoro and
Ismael, 2011). Subjects were divided into two groups,
namely the control group and the treatment group. The
independent variable of this study was the administration
of 150 grams of processed Tempeh gembus for 28 days
while the dependent variable was the levels of hsCRP and
HDL. Researchers have obtained Ethical Clearance from
the Ethics Commission of the Faculty of Medicine at
Sultan Agung University Semarang, Indonesia with
number 33/1/2019/Bioethics Commission.

The study was conducted in March 2019 on 40 female
prisoners of Class II Penitentiary in the City of Semarang.
Subject retrieval is done based on inclusion criteria,
namely women aged 20-50 years, body mass index >23
kg.m? , do not have a history or are undergoing liver
disease, kidney, cancer, coronary heart disease, stroke, do
not smoke, are willing to participate in this study by
signing an informed consent .

Physical activity level data were obtained through direct
interviews using the IPAQ form and then calculated using
the Physical Activity Level (PAL) formula (WHO, 2011).
Categorizing the level of physical activity is light
(1.40 — 1.69 units), moderate (1.70 — 1.99 units), and
heavy (2.00 — 2.40 units). Data on Body Mass Index were
obtained based on measurements of body weight and
height. Data on nutrient intake was obtained through direct
interviews using a food recall form and then analyzed
using Nutrisurvey software.

Determination of the subject of this study using
consecutive sampling method, and found as many as 73
people were willing to have blood drawn for the initial
screening process. There were 40 subjects who met the
inclusion criteria which were then divided into 2 groups:
one control group and one treatment group with each
group consisting of 20 subjects. The control group was
given a diet limiting the intake of 30 calories’kg body
weight/day while the treatment group as many as
20 people were given a dietary intake limiting the intake of
30 calories/kg body weight/day + processed 150 grams of
Tempeh gembus/day.

Volume 14

2020



Potravinarstvo Slovak Journal of Food Sciences

Figure 4 Tempeh Gembus has been
ermented for 36 hours.

Food intake restriction intervention is done by reducing

Figure 5 Tempeh Gembus Balado.

Figure 7 Tempeh Gembus Bacem.

to the nutritional value (Redman and Ravussin, 2011).
Limitation of food intake is given in stages as much as
30 kcalkg! body weight/day through food menus
provided by the correctional institution which refers to a
low calorie diet for obesity by considering the gender and
physical activity of the subject (Wahyuningsih, 2013).
The Japan Atherosclerosis Society (JAS) recommends
limiting food intake for obese subjects with mild physical
activity levels of 25 — 30 kcalkg' body weight day,
30 — 35 kcalkg! body weight/day for subjects with
moderate physical activity levels and >35 kcal.kg! body
weight/day for subjects with heavy levels of physical
activity (Kinoshita et al., 2017). Interventions in the two
groups were carried out for 28 days.

The independent variable of this study was the
administration of 150 grams of processed Tempeh gembus.
Tempeh gembus which will be given as treatment material
is made by researchers and the team, in the Laboratory of
Food Technology laboratory polytechnic health of
Semarang using tofu waste obtained from tofu craftsmen

Figure 8 Tempeh Gembus Pepes.

§ bl s

=

Figure 9 Tempeh Gembus Satay.

food  portions  while still  paying  attention
in the Cinde-Lamper region of Semarang City, Tempeh
yeast used is Raprima yeast. Tempeh gembus is processed
into 5 types of cuisine, namely: bacem, satay, oseng,
pepes, and balado.

The dependent variable of this study is the levels of hsCRP
and HDL. HsCRP levels were measured using the Enzyme
Linked Immunosorbent Assay (ELISA) method
(Crowther, 2009). Whereas HDL levels were measured
by laboratory workers using the Cholesterol Oxidase-
Peroxidase Aminoantipyrine Phenol (CHOD-PAP) method
(McPherson and Pincus, 2016). Blood samples were
taken by Semarang CITO Laboratory officials twice,
namely on the first day before being given an intervention
and 1 day after the intervention (the 29 day).

Statistic analysis

Data were analyzed using the version 16.0 of Statistical
Package for the Social Sciences (SPSS). Differences in
hsCRP levels before and after treatment were analyzed
using the Wilcoxon test because the data were not
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normally distributed. Differences in treatment effect
between the two groups were analyzed using the Mann
Whitney test. Differences in HDL levels before and after
treatment were analyzed using paired ¢-test because the
data were normally distributed. Differences in treatment
effect between the two groups were analyzed using the
independent sample test.

RESULTS AND DISCUSSION

Subject characteristics consisting of age, level of physical
activity, Body Mass Index before and after treatment are
presented in Table 1. All subjects in the study were in the
age group of 21-50 years. The mean age in the control
group (35.05 +8.54 years) was lower than in the treatment
group (36.50 £9.37 years). The Mann Whitney test showed
that there was no significant difference in age between
groups (p = 0.64), so age was not a confounding variable
in the study. The mean level of physical activity during the
study in the control group (1.52 #+0.17 units) was higher
than the treatment group (1.48 +0.10 units). The Mann
Whitney test showed that there was no difference in the
average level of physical activity between groups
(p = 0.84), so the level of physical activity was not a
confounding variable in the study. Based on WHO (2011),
the level of subject activity in this study was included in
the mild category (1.40 — 1.69  unit).
Table 1 also shows that the average Body Mass Index
(BMI) before and after the study in the control group
(30.00 +£5.61 kg.m?; 29.63 +£542 kgm?) than the
treatment group (28.22 +2.49 kg.m%; 27.32 £2.50 kg.m™).
The Mann Whitney test showed that there was no
difference in mean Body Mass Index before (p = 0.51) and
after research (p = 0.16), confounding in the study.

Table 2 shows data on energy, protein, fat and
carbohydrate intake patterns before the study. The mean
energy intake before the study in the control group
(2306.96 +545.24 kcal) was higher than in the treatment
group (2057.70 +£241.06 kcal), the Mann Whitney test
showed that there were significant differences in energy
intake between groups (p = 0.01) so that energy intake
before the study becomes confounding variable. The mean
protein intake before the study in the control group
(84.86 +19.08 grams) was higher than the treatment group
(72.59 +£19.16 grams), the independent sample test showed
that there were significant differences in energy intake
between groups (p = 0.04) so that protein intake before it
can become confounding variables. The mean fat intake
before the study in the control group (86.8 +£31.84 grams)
was higher than the treatment group (60.57 £18.75 grams),
the independent sample test showed that there were
significant differences in energy intake between groups
(p = 0.00) so that fat intake before the study can be a
confounding variable. The mean carbohydrate intake in the
control group (296.79 £77.45 gram) was higher than the
treatment group (276.42 +£35.50 gram), but the
independent sample test showed no difference in
carbohydrate intake before the inter-group study (p = 0.29)
so that carbohydrate intake before the study did not
become a confounding variable.

Nutrient intake data subject control and treatment groups
during the study are presented in Table 3. Table 3 Based
on average energy intake in the control group
(1924.35 £218.62 kcal) is higher than that of the treatment

group (1883.81 +187.89 kcal), independent sample test
showed that there were no significant differences in energy
intake between groups (p = 0.53) so that energy intake was
not a confounding variable in the study. The mean protein
intake in the control group (p = 0.53) was higher than the
treatment group (96.21 +10.93 gram), the independent
sample test showed no significant differences in protein
intake between groups (p = 0.53) so that protein intake is
not a confounding variable in the study. The mean fat
intake in the control group (42.76 +4.85 grams) was higher
than the treatment group (41.86 +4.17 grams), the
independent sample test showed no significant difference
in fat intake between groups (p = 0.53) so that fat intake
does not become a confounding variable in the study. The
mean carbohydrate intake in the control group
(288.611 £32.75 grams) was higher than the treatment
group (282.54 +28.16 grams), the independent sample test
showed no significant difference in carbohydrate intake
between groups (p = 0.53) so that carbohydrate intake is
not a confounding variable in the study.

Table 4 shows the levels of hsCRP before and after the
intervention. In the control group, the mean hsCRP level
before the intervention was 7.31 £0.75 mg.L"! whereas
after the intervention the mean hsCRP level became
5.65 +0.88 mg.L! In the treatment group, the mean
hsCRP level before intervention was 5.63 £1.23 mg L,
whereas after the intervention was 3.69 +1.35 mgL™.
There was a significant difference between the mean levels
of hsCRP before and after the intervention in the two
groups (p = 0.00; p = 0.00). The mean hsCRP level before
the intervention in the control group (7.31 +£0.75 mg.L™!)
was higher than the treatment group (5.63 £1.23 mg.L?),
there was a significant difference to the average hsCRP
level before the intervention between the two group
(p = 0.00). The mean hsCRP level after intervention in the
control group (5.65 +0.88 mg.L!) was higher than the
treatment group (3.69 +1.35 mg.L"'), there was a
significant difference to the average hsCRP level after the
intervention between the two group (p = 0.00). There was
a significant difference in the decrease in hsCRP levels
after the intervention in both groups (p = 0.03).

In this study, the mean hsCRP level in the treatment
group decreased by 1.94 £0.29 mg. L. This shows that
giving as much as 150 grams of Tempeh gembus per day
for 28 days is effective in reducing levels of hsCRP. The
decrease in hsCRP levels in the treatment group can be
caused by the presence of fiber in Tempeh gembus. Low
fiber intake can increase proinflammatory cytokines IL-6),
TNF-a, and IL-18. Increasing IL-6 can consistently
increase CRP levels. High fiber intake can reduce fat
oxidation resulting in decreased inflammation. Fiber is a
protective factor to counter increasing CRP levels (Ma et
al.,, 2006). Other studies have shown that fiber in
fermented soybeans can reduce cholesterol levels so that it
contributes positively to the anti-inflammatory effect. The
fiber in fermented soybean consists of several
monosaccharides including glucose, arabinose, galactose,
and uronic acid which are components of cellulose and
non-cellulose polysaccharides. The main non-cellulose
polysaccharide from soybean fiber is arabinogalactant. The
positive effect on the anti-inflammatory effect can be seen
significantly in decreasing the levels of C-Reactive Protein
(Kim et al., 2014).
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Besides fiber, Tempeh gembus also contains antioxidants
in the form of isoflavones (daidzein and genistein) and
unsaturated fatty acids (oleic, linoleic and linolenic fatty
acids) which include essential fatty acids (Sulchan and
Endang 2007; Sulchan and Rukmi 2007). The anti-
inflammatory mechanism by isoflavones is carried out by
inhibiting the NF-kB transcription system and modulating
arachidonic acid (AA) metabolism and Nitric Oxide (NO)
production by inhibiting protein levels and the activity of
proinflammatory enzymes (phospholipase A2 (PLA2),
lipoxygenase (LOX, COX-2, and iNOS) (Jie et al., 2016).
This study is in line with other studies that show that
interventions with soy-based foods can reduce high
sensitivity levels of C-Reactive Protein by 25% (Kone,
2014). Apart from isoflavones, antioxidant activity
Tempeh  gembus probably derived from amino
acids/peptides bioactive. Tempeh gembus containing
amino acids such as tyrosine, methionine, histidine, lysine,
cysteine and tryptophan. Activity of antioxidants in
soybean gembus with ABTS method was 63.14 +1.16%
(Agustina et al., 2018).

Table 5 shows data on HDL levels before and after the
intervention. In the control group, the mean HDL level
before the intervention was 29.25 +5.05 mg.dL"! whereas
after the intervention the mean HDL level was
35.45 +£3.79 mg.dL". In the treatment group, the mean
HDL level before the intervention was
32.50 +5.62 mg.dL!' whereas after the intervention the
average HDL level was 41.90 £2.73 mg.dL!. There was a
significant difference between the mean HDL levels before
and after the intervention in the two groups (p = 0.00;
p = 0.00). The mean HDL levels before the intervention in
the control group (29.25 +5.05 mg.dL!) were lower than
the treatment group (32.50 £5.62 mg.dL™!), there were no
significant differences in the mean HDL levels before the
intervention between both groups (p = 0.06). The mean
HDL levels after the intervention in the control group
(35.45 +£3.79 mg.dL!) were lower than the treatment group
(41.90 £2.73 mg.dL"), there were significant differences
in the mean HDL after the intervention between the two
groups (p = 0.00). There was a significant difference in the
increase in HDL levels after the intervention in both
groups (p = 0.00). In this study, the mean HDL levels in
the treatment group increased by 9.40 +4.48 mg.dL!. The
provision of 150 grams of processed Tempeh gembe for 28
days is effective in increasing HDL levels in the treatment
group.

The main content of Tempeh gembus is fiber. High fiber
intake can increase the excretion of bile acids and
cholesterol through feces thereby reducing bile acids to get
back into the liver. The reduction of bile acids to the liver
causes an increase in the use of cholesterol to bile acids so
that it has an effect on increasing HDL (Buse, Kenneth
and Harles, 2017). Besides fiber, the increase in HDL
levels in the treatment group was due to the presence of
flavonoids in Tempeh gembus. Flavonoids can increase the
amount of Apolipoprotein A-1. Apolipoprotein A-1 acts as
an enzyme cofactor for LCAT and as a ligand of
interaction with lipoprotein receptors in tissues in HDL.
An increase in Apolipoprotein A-1 is expected to increase
HDL levels (Gropper, Smith, and Groff, 2012).
According to the American Association of Clinical
Endocrinologists (AACE, 2012) HDL levels of

60 mg.dL"! can reduce the risk of coronary heart disease
(Jellinger et al, 2012). However, in this study there were
no respondents with HDL levels reaching 60 mg.dL! after
the intervention. Increased levels of HDL that do not reach
optimal values are caused by several factors, one of which
is exercise (Whitney and Sharon, 2015). Other studies
have shown that adult women who exercise regularly, such
as aerobic exercise three times a week, can experience
increased levels of HDL (Wang and Peng, 2011). WHO
states that aerobic exercise performed by adults aged 18-64
years with moderate intensity for 150 minutes/week or
high intensity for 75 minutes/week can increase HDL
levels and be beneficial for heart health (WHO, 2011).
Regular exercise can improve the work function of
Apolipoprotein A-1 as an HDL receptor in reducing
cholesterol from blood vessel walls (Kingwell and
Michael, 2013). In this study, respondents only did
aerobics once a week so this might be the cause of HDL
cholesterol levels not reaching optimal values. In addition
to lack of exercise, respondents' physical activity is also
included in the mild category. The types of activities most
frequently carried out by respondents were sleeping,
watching TV, sweeping, washing clothes, cooking and
making batik.

Changes in HDL and hsCRP levels also occurred in the
control group. This is presumably due to the provision of
restriction of food intake through a low calories diet of
30 calories per kg body weight/day in the control group.
Based on the results of the study, it is known that the
control group's diet before the intervention was
2306.96 kcal while during the intervention it decreased to
1924.35 kcal.

Changes in calorie intake resulted in an increase in HDL
levels of 6.20 £2.35 mg.dL™!, from 29.25 +5.05 mg.dL" to
35.45 +£3.79 mg.dL"!. Foods that have been consumed will
undergo metabolic processes and produce energy in the
form of adenosine triphosphate (ATP) to carry out physical
activity (Rodwell et al.,, 2018). When doing physical
activity, energy needs will increase, so if glucose as the
main energy source is insufficient there will be an increase
in fat metabolism. This causes a decrease in body fat
percentage and an increase in HDL cholesterol (Whitney
and Sharon, 2015). Research on obese subjects shows that
food intake restrictions affect changes in lipid profile,
including increased levels of HDL (Fothergill et al.,
2016). Food intake restrictions are also able to protect
against age-related diseases including inflammation by
reducing oxidative stress (Omodei and Luigi, 2011;
Rebrin, Michael and Rajindal, 2011).

Interventions in the form of limiting food intake in the
control group also resulted in a decrease in hsCRP levels
of 1.65 +0.57 mgL!, from 7.31 +0.75 mgL! to
5.65 £0.88 mg.L'l. A decrease in subject's hsCRP levels
can be caused by a decrease in fat intake. It is known that
the mean fat intake in the control group before the
intervention is 86.58 +31.84 grams to 42.76 +4.85 grams
after the intervention. Fat intake is excessive will affect
visceral fat to express a response to various stimuli one of
them is an increase in spending of free fatty acids by
adipose tissue that can stimulate increased secretion of
VLDL in the liver which in turn will result in an increase
in triglycerides, LDL and decrease HDL (Gropper, Smith
and Groff, 2012; Wang and Peng, 2011). This increase
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will trigger the release of HDL from the liver to carry
cholesterol in the circulation (reverse cholesterol

Tabel 1 Respondent Characteristics.

by hepatic lipase, thus reducing circulating HDL levels.
As the result the reverse cholesterol transport process is

Respondent Control Group Treatment Group
Characteristics Mean £SD Median Min-Max Mean £SD Median Min — Max P
Age (years) 35.05 +8.54 34.00 21-50 36.50 £9.37 39.00 21 -48 0.64*
g;dé_zl)v[ass Index pofore  30.00+5.61 2840  25.10-47.67  28.2242.49 27.73 25.08-3323  0.51%
g{fgdgl_})v[ass Index ufier 2063542 27.99  25.00-47.03  27.3242.50 27.14 24.15-3247  0.16*
Level of physical 1 o0 1 5220.17 1.42 140-1.79 1484010 1.43 1.40-1.73  0.84*
activity (unit)
Note: * Mann Whitney test.
Table 2 Diet Before Research.
Respondent Control Group Treatment Group
Characteristics Mean £SD Median Min — Max Mean £SD Median Min-Max P
Energy (kcal) 2306.96 £545.24  2284.65 916.40-—3328.10  2057.70 £241.06  1954.68 1823.6-2714.50  0.01*
Protein(grams) 84.86 £19.08 87.90 4590 —118.40 72.59 £19.16 71.65 39.50-111.30 0.04%*
Fat (grams) 86.58 +31.84 82.55 26.90 — 131.30 60.57 £18.75 59.41 30.80 — 109.00 0.00%*
éi;lil(l)gydrate 296.79 £77.45 289.90 122.00 - 451.10 276.42 £35.50 274.33 216.80 —364.70  0.29**
Note: * Mann Whitney test; ** independent sample test.
Table 3 Nutrition Intake During Research.
Respondent Control Group Treatment Group
Characteristics Mean +SD Median Min — Max Mean +SD Median Min — Max p
Energy (kcal) 1924.35 £218.62  1955.07  1456.65—2457.00  1883.81 £187.89 1895.40  1512.81-2299.05  0.53**
Protein(grams) 96.21 +£10.93 97.75 72.83 — 122.85 94.19 £9.39 94.77 75.64 — 114.95 0.53%*
Fat (grams) 42.76 +4.85 43.45 32.37 - 54.60 41.86+4.17 42.12 33.62-51.09 0.53%%*
Carbohydrate .
(grams) 288.61 £32.75 293.26 218.50 —368.55 282.54 £28.16 284.31 226.92 —344.86 0.53
Tempeh 0.00 £0.00 0.00 0.00—0.00 61.37£19.05  56.88 35.88-9490  0.00%*
Gembus (%)
Note: ** independent sample test.
Table 4 hsCRP levels before and after the intervention.
hsCRP levels Control Group (n = 20) Treatment Group (n = 20)
(mg.L") Mean 5D Median Min — Max Mean 5D Median Min — Max P
Pre Intervention 7.31£0.75 7.15 6.20 - 8.90 5.63 £1.23 5.35 4.40-9.30 0.00*
Post Intervention 5.65 +0.88 5.60 4.40-7.30 3.69 £1.35 3.40 2.40-17.70 0.00*
A 1.65 +0.57 1.55 2.90-0.20 1.94 +£0.29 2.00 2.40-1.00 0.03*
2 0.00%*** 0.00 ***
Note : p-value <0.05 = significant, * Mann Whitney test, *** Wilcoxon.
Table S HDL levels before and after the intervention.
HDL levels Control Group (n = 20) Treatment Group (n = 20)
(mg/dL) Mean 5D Median Min — Max Mean 5D Median Min — Max p
Pre Intervention 29.25 £5.05 29.00 20.00 — 38.00 32.50 £5.62 34.00 21.00 —39.00 0.06%*
Post Intervention 35.45 +£3.79 36.00 27.00 — 42.00 41.90 £2.73 42.00 36.00 — 47.00 0.00%*
A 6.20 £2.35 6.00 2.00 - 10.00 9.40 +4.48 8.00 2.00 —20.00 0.00%*
P 0.00**** 0.00 *H**

Note p-value <0.05 = significant, ** independent sample test; **** paired ¢ test.

transport).

HDL is esterified into cholesterol esters which can be
directly carried to the liver to be directly excreted or
exchanged with triglycerides from VLDL and
chylomicrons. When cholesterol esters are excessive,
triglyceride-rich HDL (low density HDL) is broken down

reduced and cholesterol levels in the circulation and tissue
increase (Murray, Granner and Rodwell, 2017). In one
condition, an increase in excess cholesterol levels in the
circulation causes an abnormal reaction that causes the
activation of the scavenger macrophage. This macrophage
is responsible for cleaning cholesterol and low-density
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HDL from circulation by phagocytosis. Macrophages that
are full of cholesterol will then become foam cells that
cause activation of pro-inflammatory cytokines (IL-1, IL-
6, and TNF a). Activation of pro-inflammatory cytokines
is an early sign of inflammation. Continued inflammation
will cause CRP expenditure from the liver (Pitsavos et al.,
2006). Other studies have shown that low fat intake can
inhibit cytokine release and reduce levels of hsCRP in the
blood (Camhi et al., 2010). This is due to adipose tissue
reducing the expenditure of free fatty acids causing a
decrease in total cholesterol, LDL, triglyceride levels and
an increase in HDL that affect macrophages, thereby
impacting on decreasing hsCRP levels (Murray, Granner
and Rodwell, 2017).

Intervention in the form of limiting long-term food intake
has a very strong protective effect on the risk of
atherosclerotic cardiovascular disease (CVD) as evidenced
by a decrease in blood pressure, LDL cholesterol, hsCRP,
IL-6, TNF-a, and an increase in HDL cholesterol levels
(Dolinsky and Dyck, 2011). Restricted food intake has
been shown to improve mitochondrial function, reduce
oxidative stress and increase nitric oxide production
involved in the prevention of atherosclerosis, reduction in
blood pressure, weakening of left ventricular hypertrophy,
resistance to myocardial ischemic injury and prevention of
heart failure (Weiss and Luigi, 2011).

CONCLUSION

The administration of processed Tempeh gembus for
28 days can reduce high sensitivity c-reactive protein
(hsCRP) by 1.93 mg.L! and increase HDL levels by
9.40 mg.dL! in obese women in penitentiary class II
Semarang city, Indonesia. Changes in hsCRP and HDL
levels also occurred in the control group. This is thought to
be due to a standard diet of 30 calories’kg body weight/day
for 28 days.
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INTERACTION OF POLYPHENOLS EXTRACT FROM POLYGONUM
MULTIFLORUM THUNB. ROOTS WITH GELATIN AND TOXICITY OF
EXTRACT IN MICE

Le Pham Tan Quoc

ABSTRACT

The roots of Polygonum multiflorum Thunb. (Vietnamese name: Ha-thu-o-do, HTOD) are used in processed form or the
raw state in traditional Vietnamese medicine for many diseases and in extract form in the food industry. Some studies
pointed out that HTOD extract had toxicity in humans. However, the toxicity of this herb plant currently remains unclear.
In addition, this material contained a large amount of bioactive compounds, especially phenolic compounds. They have
a strong antioxidant capacity and they can also interact with many different substrates such as protein, enzyme, lipid and
carbohydrate. In this study, the received extracts from HTOD had the polyphenols concentrations of 415, 277, 208 and
166 (mg GAE.L™), respectively. Besides, we only evaluated the gelatin-polyphenols interaction and the toxicity of HTOD
extract in Swiss mice. The results show a strong gelatin-polyphenols interaction and no acute or subacute toxicity in mice.

The polyphenols extract of HTOD at the concentration tested in this study is safe to use in food.

Keywords: Interaction; gelatin; polyphenols; root; toxicity

INTRODUCTION

Polygonum multiflorum Thunb. is a wild herbal plant
distributed throughout the mountainous regions of North
Vietnam (Cao Bang, Lang Son, Lai Chau, Hoa Binh
province, etc.). It is known as Ha-thu-o-do (HTOD) in
Vietnamese. In addition, HTOD is found in many other
Asian countries such as China, Korea, Japan, etc.
Ethnomedical uses of HTOD have been recorded for many
centuries, and it contains more than 100 chemical
bioactive compounds, for example, tannins,
anthraquinones, stilbenes, flavonoids, phospholipids (Lin
et al., 2015), saponins, and alkaloids (Quoc and Muoi,
2018). Thus, it can be used as a traditional spice in
Chinese food (Li and Gao, 2015) or drugs to prevent
some diseases, such as certain forms of cancer (Way et al.,
2014), and for its anti-aging effects, tonic tension (Lim et
al., 2014), and antioxidant activity (Wang et al., 2008).
Nowadays, polyphenols extract from HTOD is used in
food processing, for example, it serves as an antioxidant
during the storage of minced red tilapia (Le and Nguyen,
2018) or combine with edible film (alginate) to store fresh-
cut papaya (Quoc and Muoi, 2016). Moreover, HTOD has
also been used in wine processing (Hoang and Thuat,
2015).

There are many methods to extract phenolic compounds
from HTOD with various solvents (water, acetone,
methanol, ethanol, etc.), such as the decoction method (Li

et al., 2007), microwave-assisted extraction (Quoc and
Muoi, 2015), ultrasound-assisted extraction (Wu et al.,
2012), pectinase-assisted extraction (Quoc and Muoi,
2017), etc. The total polyphenols content, antioxidant
capacity, and type of phenolic compounds in all methods
are significantly different. Thus, these results can strongly
affect the protein-polyphenols interaction and toxicity of
polyphenols extract in mice.

Recently, many studies reported that HTOD can have
hepatotoxic effects (Huang, Zhang and Sun, 2011; Wu
et al., 2012); other studies noticed that HTOD is good for
the liver (Huang et al., 2007; Bhadauria, 2010). The
results of the above-described studies appear to be
contradictory. Until now, there have been no studies on the
interaction of gelatin with polyphenols extract from
HTOD. Therefore, the main aim of this research was to
investigate the gelatin-polyphenols interaction and toxicity
of polyphenols extract in mice.

Scientific hypothesis

The objective of this study was to determine the capacity
for interaction between polyphenols extracts of Polygonum
multiflorum Thunb. roots and protein (gelatin). This
interaction results in precipitation of the protein. An
additional objective of the study was to determine the
effect of the toxicity of various polyphenols extract
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concentrations in mice. We are expecting an insignificant
effect of the extract on acute and subacute toxicity in mice.

MATERIAL AND METHODOLOGY

Extract preparation

Polygonum multiflorum Thunb. roots were harvested
from Cao Bang province (Vietnam). The roots were then
cleaned with tap water, sliced, and dried at 60 °C until the
moisture level was less than 12%. The slices were then
ground into a fine powder (diameter less than 0.5 mm) and
vacuum-packed. Polyphenols from the dried powder of
Polygonum multiflorum Thunb. roots were extracted in
a microwave system with an acetone concentration of
57.35%, solid/solvent ratio of 1/39.98 (w/v), extraction
time of 289 sec, and microwave power of 127 W. The
crude extract was filtered through Whatman paper (Quoc
and Muoi, 2015). The filtered extract was evaporated at
45 °C until the solvent was completely removed and the
extract was used for the preparation of 415, 277, 208 and
166 mg GAE.L™! solution in distilled water.

Chemicals and reagents

Folin-Ciocalteu reagent and gallic acid were purchased
from Merck (Germany). All organic solvents and other
chemicals were of analytical reagent grade.

Determination of total polyphenols content (TPC)

The TPC in the extracts was slightly modified and
determined by the Folin-Ciocalteu colorimetric method
(Siddiqua et al., 2010). The results were based on
a standard curve obtained with gallic acid. TPC was
expressed as mg of gallic acid equivalents per gram of dry
weight (mg GAE.g"!' DW) or per gram of solution volume
(mg GAE.LY).

Interaction of polyphenols extract with gelatin

Reactions took place in 10 mL volumetric flasks.
Polyphenols were dissolved in water to 415, 277, 208 and
166 (mg GAE.L!). Gelatin solutions in water, at
concentrations varying from 30 to 120 mgmL?! were
prepared. Polyphenols and gelatin solutions were mixed
quantitatively in flasks with shaking. After standing for
24 h at 25 °C, the mixture was centrifuged (3000 rpm,
20 min), and the suspended substances (reaction products)
were removed. The supernatant was analyzed at 280 nm in
a UV spectrophotometer. Assuming that a polyphenols
solution with a fixed concentration has an initial
absorbance (Ao), and after interaction with gelatin the
absorbance decreases to A, RA can be defined as
RA = (Ao-A)/A. (Bi, He and Haslam, 1995).

Animals

Male and female Swiss mice (approximately 22 g) were
obtained from the Pasteur Institute (Ho Chi Minh city,
Vietnam). All mice were maintained in plastic cages under
standard environmental conditions at 28 +2 °C with
a relative humidity of 75 +£10%. The mice were fed on
a standard chow diet and given water ad libitum. The mice
were used for experimentation after 7 days’
acclimatization. All experiments were performed during

the daytime. The experimental procedure was strictly in
compliance with the “Declaration of Helsinki” in 1964.

Acute toxicity

Both male and female healthy mice were fasted overnight
and only allowed to access to water ad libitum. They were
randomly divided into five groups (10 animals per group).
The mice of the first group (control group) were fed with
water only. All groups were given 0.2 mL of the extract on
the first day by oral gavage. The mice of groups 2 — 5 were
treated with acetone extracts of Polygonum multiflorum
Thunb. root at doses of 138, 276, 414, and 552 mg dry
extract.kg! of body weight per day. The dosages were
equivalent to 25, 50, 75, and 100 times the upper dosage
for humans recommended in the study of Le and Nguyen
(2018) (415 mg GAE.L"!, approximately 607 mg dry
extract L' or 5.52 mg dry extractkg' of body weight).
The dosage was set at a high level to uncover any potential
toxicity in order to investigate the hepatic risk. The general
behavior, hazardous symptoms, and mortality of the mice
were monitored for a period of 3 days after treatment. The
LDso, clinical biochemistry analysis, gross morphology,
and histology of the liver were also evaluated in this test.

Subacute toxicity

Both male and female healthy mice were also randomly
divided into four groups (10 animals per group). The mice
of the first two groups (control groups) were fed with
water only. The mice of groups 3 and 4 were treated with
the acetone extracts of Polygonum multiflorum Thunb. root
for 3 and 6 weeks. Treated groups were given 0.2 mL
extract at a concentration of 415 mg GAE.L!
(approximately 607 mg dry extract.L! or 5.52 mg dry
extract.kg! of body weight, the dosage for humans
recommended in the study of Le and Nguyen (2018)). The
body weight of the mice was recorded weekly, and signs
of abnormalities in the mice were recorded during the
treatment period. The clinical biochemistry, gross
morphology, and histology of the liver/kidney were also
evaluated every 3 weeks.

Histopathologic examination, biochemical
analysis, and hematological parameters

The mice were dissected to collect the livers/kidneys for
histopathologic examination. Biochemical analysis was
performed for alanine aminotransferase (ALT), aspartate
aminotransferase  (AST), Urea/BUN (Blood Urea
Nitrogen), and creatinine. In addition, a total leukocyte
count and total hemocyte count were also performed.

Statistical analysis

The experimental data were analyzed by one-way
analysis of variance (ANOVA) and significant differences
between the means from triplicate analyses at p <0.05 were
determined by Fisher’s least significant difference (LSD)
procedure using Statgraphics software (Centurion XV).
The values obtained were expressed as mean + standard
deviation (SD).
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RESULTS AND DISCUSSION

Research on the gelatin-polyphenols interaction

Polyphenols concentrations of 415, 277, 208, and
166 (mg GAE.L") react with gelatin concentrations of 30,
60, 90 and 120 mg.L! (gelatin/polyphenols ratio=1/1, v/v).
The results show that relative absorbance (RA) increases
with with an increase in the polyphenols concentration,
and these results were significantly different (p <0.05).

The minimum and maximum RA are 0.246 and 0.718,
meaning that 24.6% of the gelatin was precipitated at the
minimum polyphenols concentration of 166 mg GAE.L™!
and the minimum gelatin concentration of 30 mg.L™.
Besides, 71.8% gelatin was also precipitated at the
maximum polyphenols concentration of 415 mg GAE.L™!
and the maximum gelatin concentration of 120 mg.L!
(Figure 1). These results demonstrate that the interaction
between gelatin and polyphenols is strong and
significantly affects the RA. This is concordant with
a study by He, Lv and Yao (2007), who noted that
polyphenols in tea extract interact with gelatin at a low
gelatin concentration of 20 mgL™' and a polyphenols
concentration of 50 mgL! (22% of the gelatin was
precipitated). The precipitate increased to 84% with an
increase in the gelatin concentration (160 mg.L™!) and the
polyphenols concentration (150 mg.L).

Gelatin was chosen in this study because gelatin is
proline-rich, and has an open, random-coil conformation
and a molecular weight of 100 kDa, thus it has a high
affinity for polyphenols (He, Lv and Yao, 2007; Frazier
et al, 2010). Phenolic compounds can form strong
hydrogen bonds easily with the protein’s carboxyl group.
They must be small enough to penetrate the inter-fibrillar
regions of protein molecules but large enough to crosslink
peptide chains at many points on the protein molecule
(Mulaudzi et al, 2012). The protein-polyphenols
interaction depends on many factors, such as pH,
temperature, the type of protein, and the structure of
polyphenols (Ozdal, Capanoglu and Altay, 2013).

This interaction has both advantages and disadvantages.
On the one hand, it can protect the polyphenols’s activity,
and prevent oxidation of the surrounding environment
(Jakobek, 2015). On the other hand, it decreases protein
quality (Yuksel, Avci and Erdem, 2010), for example, by
affecting protein solubility (Rawel et al., 2002) and by
decreasing the in vitro digestion properties of proteins
(Petzke et al., 2005).

Acute toxicity of polyphenols extract

This extract was concentrated and was administered to
each treatment group at single doses of 25, 50, 75, and
100 times the upper dosage for humans as recommended
by Le and Nguyen (2018) (approximately 138, 276, 414,
and 552 mg dry extractkg™! of body weight), respectively,
by oral gavage. The control groups were treated with the
same volume of distilled water (0.2 mL).

After a one-hour exposure to the extract, drowsiness and
exhaustion were observed in all mice in the extract-treated
group. No death or obvious clinical signs were found in
any groups throughout the study. None of the extract-
treated rats showed signs of toxicity in their skin, fur, eyes,
sleep, salivation, diarrhea, and behavior after 72 hours.
Table 1 shows that changes in clinical biochemistry

analysis were not significantly different (p >0.05) at
various concentrations compared with the control sample,
and these results were also similar to those of other studies
(Dieu, 2009; Wu et al., 2012; Ha et al., 2015).

Gross morphology and histology of the liver did not
show any unusual signs (Figure 2 and Figure 3). There was
no difference in parenchymal tissue, portal space and
central vein structures in all experimental liver sections.
Hepatocytes in all experimental groups had a polygonal
shape with the nucleus in the middle of the cell and were
well organized in plates. The structure of the portal space
was normal without inflammation, and there were no
degenerative lesions in the surrounding hepatocytes.
Hence, polyphenols extract from Polygonum multiflorum
Thunb. root did not cause acute toxicity in mice, and the
LDso could not be estimated at the studied concentrations.

Subacute toxicity of polyphenols extract

Using a polyphenols concentration of 415 mg GAE.L™!
(5.52 mg dry extract.kg” of body weight), we evaluated
semi-chronic toxicity over 6 weeks. After 6 weeks, all
groups gained the same amount of weight, and no
statistically significant differences in clinical biochemistry
analysis and hematological parameters were noted between
the control and treated groups at the third and sixth weeks
(p <0.05) (Table 2). Gross morphology and histology of
the liver/kidney did not show any injuries or unusual signs.
In addition, the glomerulus had a normal structure with
wide Bowman‘s capsules, and the renal tubes were lined
by a simple cuboidal epithelium with a uniform
appearance. Furthermore, no damage to the structure of
hepatocytes and nephrocytes was observed (Figure 4 and
Figure 5). Therefore, there was no subacute toxicity at this
polyphenols concentration.

This result shows that the extract concentration employed
in this study is safe for human health. Our results also
differ from those of Wu et al. (2012), who noticed that
both acetone and water extract from fresh Polygonum
multiflorum Thunb. roots were toxic and had dose-
dependent hepatotoxicity. On the contrary, many studies
reported that extract from this material is good for the liver
(Huang et al., 2007; Bhadauria, 2010), thus the toxicity
of the extract depends on many factors, such as the
extraction method, the composition of the material,
solvent, etc. Moreover, toxicity was also related to the
following factors: improper drug compatibility, dose,
mode of administration, physical condition of the patients,
and processing methods. The above-described studies
appear to be contradictory. However, Polygonum
multiflorum Thunb. roots have still been used in different
ways for a long time, such as in Heshouwu tea, Heshouwu
wine, Heshouwu soup, etc. in Chinese daily meals (Li and
Gao, 2015).
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Figure 2 Gross morphology of the liver in acute toxicity. Note: a, b, ¢ and d show the gross morphology of the liver at
138, 276, 414, and 552 mg dry extract per kg of body weight, respectively.
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Figure 3 Histology of the liver in acute toxicity. Note: a, b, ¢ and d show liver histology at 138, 276, 414, and 552 mg
dry extract per kg of body weight, respectively.
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Figure 4 Gross morphology of the kidney and liver in subacute toxicity for 6 weeks.

Volume 14 20 2020



Potravinarstvo Slovak Journal of Food Sciences

Liver

Control sample Experimental sample
Figure 5 Histology of the kidney and liver in subacute toxicity for 6 weeks.

Table 1 Clinical biochemistry analysis and hematological parameters of mice in acute toxicity.
Dry extract.kg™ of body weight ratio (mg.kg™)

Criteria Control sample 138 276 414 552
Urea/BUN (mmol.L") 10.51 +1.28° 8.8 £0.75% 9.03 £1.38° 9.6 £2.22% 9.47 £1.17%®
Creatinine (umol.L™") 36.53 +4.25° 33.6 £1.64° 32.6 +4.22° 33.15+1.38*  33.17 +1.61*
AST (SGOT) (U.L") 147.1 £44.45®  111.43+25.82%  173.5+58.03° 144.1 £52.91®  149.1 £47.5®
ALT (SGPT) (U.L) 83.57429.96"*  77.94 £11.59® 61 +7.54° 82.5+19.05>  75.3£12.21%
Total leukocyte count (K.uL™") 1.97 £0.25° 2.43+0.91° 2.03 £0.15%® 1.97 £0.35° 1.86 £0.24°
Total hemocyte count (M.uL™") 9.33 +£0.49° 8.92 £0.57° 9.2 £0.2% 8.85 £0.44° 8.94 +0.23%

Note: Different lowercase letters in the same row denote significant differences (p <0.05).

Table 2 Clinical biochemistry analysis and hematological parameters of mice in semi-chronic toxicity.

Criteria 3 weeks 6 weeks

Control samples Experimental samples Control samples Experimental samples
Change in weight (%) 6.27 571 81 741
Urea/BUN (mmol.L™") 6.84 +0.72* 7.36 +£1.35° 8.09 +0.714 72£1.07*
Creatinine (umoL.L™") 37.3+3.51° 33.1+5.21° 34.1 43.654 3142914
AST (SGOT) (U.LY) 105.38 £9.93* 105.84 +23.7° 116.23 £28.46* 119.33 £22.924
ALT (SGPT) (U.L) 62.99 £9.09* 63.67 £13.23* 70.87 £33.46* 51.27 +8.534
Total leukocyte count (K.uL™") 2.24+1.01° 2.75+0.61° 228 +0.75* 2.7+1.08%
Total hemocyte count (M.uL™!) 8.17 £1.42° 8.28 +0.93? 6.21 £1.49* 7.04 £1.68*

Note: Different lowercase letters in the same row for 3 weeks denote a significant difference (p <0.05). Different
uppercase letters in the same row for 6 weeks denote a significant difference (p <0.05).

Volume 14 21 2020



Potravinarstvo Slovak Journal of Food Sciences

CONCLUSION

In summary, polyphenols acetone extract from
Polygonum multiflorum Thunb. roots can interact strongly
with gelatin. At the same time, polyphenols extract at the
studied concentrations was not acutely or subacutely toxic
in mice.
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SLOVAK CONSUMERS" PERCEPTION OF BAKERY PRODUCTS AND THEIR
OFFER IN RETAILS

Lubica Kubicova, Kristina Predanocyova, Zdenka Kadekova, Ingrida KoSiciarova

ABSTRACT

Bakery products represents an important part of the diet and have an irreplaceable role in the proportion of nutrients, but
their popularity in the diet of Slovak consumers continues to decline. For this reason it is necessary to address the issue of
bakery products with regard to their consumption. The aim of the paper is to point out the development of consumption of
bakery products in the Slovak Republic and to identify the main factors determining their purchase from the perspective of
Slovak consumers. Secondary and primary data were used to meet this aim. Secondary data were obtained from the
Statistical Office of the Slovak Republic in order to describe trends in consumption of selected foodstuffs in the period
2009 — 2018, as well as to predict the development of consumption of wheat and durable bread by 2020. The development
of consumption is influenced by a number of factors, which may include, in particular, the price of products, the existence
of substitution products, changes in eating habits and preferences of Slovak consumers, consumer health restrictions, as
well as the taste factor. The primary data were obtained through consumer and business-oriented research in the Slovak
Republic. The results of the consumer survey showed both rationality and irrationality in consumer decisions when buying
bakery products. Rational aspects in the purchase of bakery products are factors of composition and durability. Irrationality
in consumer behavior when buying can be accompanied by psychological factors, which include the perception of
freshness of bakery products, the perception of prices, the perception of the country of origin, as well as sensory aspects
such as taste. The achieved results were confronted with the results of a retail-oriented survey. The results showed that the
commercial premises, when offering bakery products, mainly take into account the freshness, price and country of origin of

selected foods.

Keywords: bakery product; consumer; factor; purchase

INTRODUCTION

The bakery industry belongs to the secondary processing
industries (DZupina, Hodinkova and Kikova, 2016). Its
raw material base are products of the food industry, which
process commodities of agricultural primary production
(eg mill, starch). This industry is directly influenced by the
quality and price of grain, which depends on prices on
world markets. The basic products of the bakery industry
include durable bread, common bakery products (buns,
rolls etc) and fresh bread. For most people, bakery
products are a daily part of their diet. The importance of
bakery products in human nutrition is significant because
the products are the basis of the food pyramid and have a
high nutritional value (Al-Mussali and Al-Gahri, 2009;
Nagyova, Sedliakova and Holien¢inova, 2014; Kadek,
2018).

Hes (2009) noticed that when purchasing food, including
bakery products, the consumer is influenced by the
following factors. The first important aspect in the
purchase of bakery products is their perceived quality and
properties, which are mainly determined by sensory and
health (Stavkova, Stejskal and Toufarova, 2008,

Skoi‘epa and Picha, 2016; Wingert et al.,, 2014), and
consumers are also interested in food security (Golian et
al., 2018; Adam, Hiamey and Afenyo, 2014) and favor
bakery products with higher nutritional properties (eg
whole grain bread).

Nagyova et al. (2012) pointed out that consumers
perceive quality on the basis of other subjective factors,
such as the shape, appearance, color and taste of bread and
pastry. For most consumers, the decisive factor is price
(Kubicova and Kadekova, 2011), which affects the
purchase of specific bakery products, especially in the case
of fine pastries. Another factor is the country of origin
(Kleinova and Lus$inakova, 2011), which customers start
noticing and prefer especially bakery products of Slovak
origin. In the context of the country of origin, the brand is
also an important factor to which consumers pay attention
and choose the bakery products by specific producers or
with a preferred brand name. The following factor
determining the purchase of bakery products is the
experience with the products, as customers prefer the
bakery products with which they have a good experience.
Customer automatically reaches for the bakery product he
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was satisfied with and does not change his mind in the
store. This situation can be described as "shopping
blindness".

The recommendation can be considered as another factor
positively influencing the purchase of a particular bakery
product and represents an independent assessment of an
unbiased person, which in some cases may have a greater
impact on the customer than advertising (Polakevi¢ova,
2015). In the case of packaged bakery products, the
packaging itself also affects the purchase. The packaging
fulfills the communication and promotion function. The
endeavor of the packaging is to attract the customer's
attention, provide the customer with sufficient information
about the product, its composition and thereby lead the
customer to purchase. The shopping convinience and the
time spent by shopping can also have a significant impact
on the purchase of bakery products. The health aspect
(Sedik et al., 2019) is another factor determining the
purchase of food, including bakery products, as consumers
increasingly pay attention to their health and healthy
lifestyle (Nagyova et al., 2019) and adapt the choice of
specific bakery products accordingly. In the context of the
health aspect, consumers take into account the composition
and nutritional value of foods (Sedik et al., 2018), and in
the case of bakery products they prefer whole grain ones,
which are more nutritious.

The individual factors determining the purchase of
bakery products can be taken into account with regard to
the rationality and irrationality in consumer behavior in the
choice of bakery products. Horska et al. (2009) combines
the first approach with the rationality of consumer
behavior. The purpose of this behavior is to maximize
satisfaction or performance. Consumer behavior is
characterized by prudence, awareness, experience, and the
evaluation of alternatives (Rovny et al., 2010). In the case
of purchasing bakery products, consumers compare the
types of bakery products, composition, method of
production or prices. The second approach is linked to the
irrationality of consumer decisions. Karpinska and
Krakowiak (2014) include uncertainty, risk, limited time
and access to information as factors limiting optimal
purchasing choices. Consumer behavior is characterized
by unpredictability, emotionality, impulsiveness or
subconsciousness (Komarkova, Ryme$ and Vysekalova,
1998).

A relatively high share of impulses and emotions is also
recorded when purchasing bakery products. Purchasing
decisions are influenced by several factors, including
cultural, social, psychological and personal (Géci,
Nagyova and Rybanska, 2017). The behavior of
consumers buying bakery products is mainly influenced by
psychological factors, which may be decisive in re-
purchasing a particular bakery product. The motivational
aspect as a psychological factor may be to search for and
purchase higher quality bakery products which are the
basis of the food pyramid and their consumption positively
affects the health of consumers due to the high nutritional
value. Perception is another factor. Consumers perceive
incentives and objects in bakery shops. Retailers should
therefore be aware of the elements that raise or question
the confidence of potential customers and should seek to
understand in detail how trust affects the perception of
a particular bakery product.

Personality of the consumer can also influence the choice
of specific bakery products. Different types of personality
choose bakery products from different perspectives, eg.
depending on the type of flour, production method, aroma,
color, taste. The last factor is the emotions that affect
consumers, and can change depending on the experience
with purchased bakery products (Horska and Bercik,
2017; Rybanska, Nagyova and Kosic¢iarova, 2014).

Scientific hypothesis

The aim of the paper is to point out the consumption of
bakery products in the conditions of the Slovak Republic
and to identify the main determinants affecting
consumption from the perspective of the Slovak consumer.
In the context of the set aim, the following hypotheses
related to consumer and retails research were formulated
as well.

Hypothesis 1: We assume that Slovak consumers
evaluate the factors affecting the purchase and subsequent
consumption of bakery products differently.

Hypothesis 2: We assume that there is a correlation
between consumers' knowledge of the parbaked bakery
produts in retails that are sold as the fresh baked ones and
the perception of the difference in taste between parbaked
and fresh baked bakery products.

Hypothesis 3: We assume that Slovak consumers
perceive prices of different types of bakery products
differently.

Hypothesis 4: We assume that retails assess criteria for
supplier selection differently.

MATERIAL AND METHODOLOGY

The stated aim of the paper was achieved by using and
processing secondary and primary data. Secondary data
were obtained from the Statistical Office of the Slovak
Republic. The obtained secondary data became the basis
for calculating the average growth coefficient (k') and
predicting the development of the consumption of bakery
products by 2020 using the determination coefficient R2.

The primary data were obtained through a consumer
survey aimed at identifying key factors determining the
purchase of bakery products in the Slovak Republic. The
questionnaire survey was conducted on a sample of
649 respondents in the Slovak Republic in 2018, in
electronic version, using the Google Forms platform. The
respondents in the questionnaire survey were diversified
into 8 categories in terms of gender (women 55.5%; men
44.5%), age (up to 24 years 28.4%; 25 — 39 years 20.6%;
40 — 54 years 28.4%; over 55 years 18.2%), educational
attainment (basic 3.4%; secondary 57.6%; university
39.0%), permanent residence (countryside 55.3%; city
44.7%), economic status (student 29.3%; employed 44.8%;
self-employed 8.0%; unemployed 3.1%; maternity leave
1.5%; pensioner 13.3%), monthly income of respondents
(less than 400 € 38.4%; 401 — 800 € 32.8%; more than
801 € 28.8%), and number of household members
(1 — 2 members 22.9%; 3 members 24.2%; 4 members
29.1%; 5 members and more 23.7%).

Another source of primary data was information obtained
through a survey in retails. The aim of the survey was to
identify the range of bakery products offer, how they
approach the factors that determine consumers when
purchasing bakery products, and the criteria that are
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decisive in selecting a particular supplier of finished
bakery products, bakery ingredients or frozen semi-
finished products. The survey of retails was carried out on
a sample of 107 stores in the Slovak Republic in 2018.
Retails were divided according to the size of sales area (up
to 400 m? 81.3%; 400 — 2500 m? 15.9% and more than
2500 m? 2.8%) and geographic location (western Slovakia
72.9%; central Slovakia 14.0% and eastern Slovakia
13.1%).

Statistical analysis

The collected data were processed by using Microsoft
Excel and subsequently evaluated in the statistical program
XL Stat. The formulated hypotheses were tested by
applying the following statistical tests:

- Chi square contingency test,
- Cramer’s coefficient,

- Friedman's test,

- Nemenyi method.

In hypothesis testing, if p value is lower than significant
level, in case of XL Stat software by Addinsoft (version
2019.3.2), it is 0.05, the null hypothesis was rejected and
alternative hypothesis was confirmed.

RESULTS AND DISCUSSION

The development of consumption of bakery products was
monitored in the period 2009 — 2018. Bread consumption
in the Slovak Republic in the analyzed period was at
a stable level with an average annual decline of 2.1%. In
the past, Slovaks could not imagine a day without a piece
of bread, but at present its popularity is gradually
decreasing. While approximately twenty years ago every
Slovak consumed about 50 kg of bread per year, today we
consume these bakery products in smaller quantities at
35 kg of bread per person per year. The trend of bread
consumption development can be expressed through
a linear function with the following parameters (1):

qr=41.773 - 0.8024* t
R?=0.9378

(1)

Based on the chosen linear function, it is possible to
predict the evolution of bread consumption in the future,
while the consumption trend is expected to decrease and in
2020 bread consumption should be at the level of 33 kg
per person per year. In this context, it is important to point
out the reasons for the relatively low consumption of
bread, which may be affected by rising bread prices,
consumer health constraints, a fairly wide assortment of
plain and fine bread, a change in consumers' lifestyle, as
well as various myths and falsities about bread (Eglite and
Kunkulberga, 2017).

Wheat bakery products consumption was slightly
increasing in the period under review, ranging from
28.2 kg to 29.4 kg, which represents an average annual
growth rate of 0.5%. This implies a relatively stable
development of wheat bread consumption, with the highest
decrease in consumption being recorded in 2013 at 27.8 kg
and an increase in consumption was recorded in 2017 to
the level of 30.6 kg per person per year (Figure 1). We
assume that by 2020 the consumption of wheat bread will
slightly decrease to 29 kg per person per year. The
development of the consumption of wheat bakeryproducts
is positively influenced by the increasing popularity of fine
pastries, among which we can include sweet buns, donuts,
peelers, or modern croissants and muffins, with various
fillings, toppings which feed and satisfy the appetite for
sweet, at any time of the day. On the other hand,
consumption is negatively influenced by several factors,
which include rising prices of selected bakery products,
consumer orientation towards cheaper substitutes, change
of eating habits and preferences of Slovak consumers
(Kubicova and Predanocyova, 2018).

The last category of bakery products, the consumption of
which we monitored, is durable bread. The development of
durable bakery products consumption in the monitored
period 2009 — 2018 was accompanied by an upward trend
with an average annual growth of 1.1%. The lowest
consumption of durable bakery products was recorded in
2009 and 2010, when it was 85.8 kg per person per year
and the highest consumption was recorded in 2013 — 2015
and amounted to 9.8 kg per person per year. The trend of
the development of the consumption of durable bakery
products for the period under review can be described by

the cubic function, which acquires the following
parameters (2):
qt= 8.1+ 0.5695 * t — 0.0731 * t2+ 0.0029 * £ 2)

R?=0.4833

On the basis of the selected cubic function it is possible
to predict the development of the consumption of durable
bakery products in the future. By 2020, consumption of
selected bakery products is expected to decline slightly to
9.5 kg per person per year. Relatively high consumption of
durable bakery products can be caused by several factors,
such as consumer orientation towards sweet and salty
bakery products, which is readily available in stores and in
packaged form, changes in preferences of Slovak
consumers, taste of pastries, longer durability and the
possibility of storage. The development of consumption of
a given type of bread can be negatively affected by the
price and wide range of substitution products (Kubicova,
2008; Nagyova et al., 2012).
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Figure 1 The development of bakery products consumption in kilograms per capita and year in the Slovak Republic.

Note: SO SR, 2019.

Analysis of the development of consumption of
individual types of bakery products showed that the
consumption conditioned by the purchase of the given
bakery products is influenced by a number of factors. For
this reason, a questionnaire survey was carried out to
identify the main factors determining the purchase and
consumption of bakery products. The consumer survey for
consumers of bakery products focused on the shopping
behavior in the bakery products market. Based on the
results of the research can be concluded that all addressed
consumers buy bakery products, with the preference of
fresh bakery products (99.4%) and durable bakery
products (19.7%), as well as frozen bakery products that
consumers bake and finish in domestic environment
(18.6%). Furthermore, the obtained results show that the
most preferred fresh bakery products are common bakery
products such as rolls, buns etc. (82.3%), bread (70.6%)
and fine pastry (35.4%).

When purchasing food, including bread, fine pastry and
other bakery products, consumers make choices based on
a number of criteria. We selected following ones:
freshness, price, durability, composition, country of origin
and taste. These were assessed by consumers involved in
the questionnaire survey on the importance scale on a scale
from 1 to 6, where 1 was the most important factor and
6 the least important factor. The results of the consumer
survey showed (Figure 2) that the most important factors
for consumers are freshness (88.9%), taste (64.3%), price
(48.5%), durability (37.3%), composition (36.1%) and
country of origin (25.9%). In connection with the
evaluation of individual factors influencing the choice of
bakery products by consumers, we found differences in the
evaluation of these criteria among respondents. Based on
the applied Friedman'’s test, can be identified differences
in factor evaluation, confirmed by a statistical calculation
of the p-value (<0.0001), which is lower than the alpha
significance level (0.05).

By using the Nemenyi method and based on the data in
Table 1, we conclude that freshness is the most important
criterion in the selection of bakery products (Group A),
another group of important factors is flavor (Group B)
followed by price (Group C). Next group of factors
consisted of composition and durability (group D) and the

last group of factors is the country of origin (group E).
From the obtained results is possible to identify the
rationality and irrationality in purchasing the selected type
of food. Rational aspects in the purchase of bakery
products are factors as composition and durability. The
irrationality of consumers' purchasing behavior can be
accompanied by psychological factors, which include the
perception of freshness of bakery products, perception of
the prices, perception of the country of origin, as well as
sensory aspects such as taste. On a scale from 1 to 5,
respondents rated the prices of bread, common bakery
products (such as rolls, buns etc), fine pastry and durable
bakery products, where 1 was representing very low prices
and 5 very high prices. In the context of the question, we
assumed that there was a difference between consumer
perception of prices and the different types of bakery
products and we confirmed our assumption by calculating
the Friedman test (p-value = <0.0001). Based on the
results of the questionnaire survey (Figure 4) can be
concluded that most consumers perceive prices of fresh
and durable bakery products as reasonable to high. Gul et
al. (2017) found that the prices of bakery products are
acceptable to consumers and consumers consider bakery
products as reasonable and practice food from the point of
nutritional importance. For consumers, the price
perception is important from a psychological point of
view. On the other hand, bread, fine pastry and common
bakery products are included in the basic foodstuffs
needed for nutrition of the population, which means that if
the price of selected foodstuffs increases, their quantity
will not change at all or only to a small extent. However,
in the context of the above, it is important to note that
consumers may tend to look for cheaper products within
the range of bakery products, especially durable ones. The
last psychological factor that is important for Slovak
consumers when purchasing bakery products is the country
of origin. Slovak consumers strongly perceive the country
of origin when buying bakery products, especially with
regard to fresh bakery products where they assume Slovak
origin (Nagyova et al, 2012). Consumers involved in the
survey prefer the following bakery producers: Penam, a. s.,
Topol¢ianske pekarne a cukrarne a.s., Vamex, a. s.,
Pekaren Hochel, s. r. 0., Lebeco, s. . 0., pekaren Ciemy
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Balog, Slatinska pekaren, s. r. 0., Velapek, s. r. 0., Mlyn
a Pekaren Skoluda, Kamenica, Podvihorlatské pekarne
a cukrarne, a. s., ERI, s. r. o., Pekaren Gros, s. r. o,
Slatinska pekaren, s. r. 0., Pekaren ILaS, s. r. o., Trenpek,
s. 1. 0., Gevis, s. 1. 0. Cachtick4 pekaren, Pekareii Beckov,
s. 1. 0., PDP Vel'ké Uherce, Turpek, s. r. 0., Pekaren Juraj
Oremus, s. r. 0., Pekarein Nela, Framipek, s. r. 0., Prva
bratislavska pekarenska, a. s., Pekaren Anton Antol, s. r.
o., Faun, s. r. 0., CPB, s. r. 0., UNL s. r. 0., bakeries of
retails Tesco, Billa, Lidl, Kaufland and local and regional
bakeries. Gluten-free bakery products are particularly
preferred from producers OLZ, Schér and JORDANS.

The psychological factors determining the purchase of
bakery products, such as perception of freshness,
perception of price and perception of the country of origin,
may also be influenced by the amount of information
available to consumers. Consumers obtain this information
most often in stores (44.1%), where they also buy bakery
products most often, and are interested in information
including the composition, origin, coloring of the bread,
production process, additives, production process, baking
parbaked products, date of bakery production, time of
baking fresh bakery products or reasons for price changes.

taste [

county ol I
origin I

composition. | [ —
durbaility [N . ———
pricc | ——
freshness - | -

0% 10% 20% 30% 40%

50% 60% 70% 80% 90% 100%

Bl m2 w3 m4 =5 6

Figure 2 Factors affecting the purchase and consumption of bakery products. Note: questionnaire survey, 2018.

Table 1 Differences in factor evaluation when choosing bakery products by applying the Friedman’s Test and Nemenyi

Method.
Sample Frequency Sum of ranks  Mean of ranks Groups
Freshness 649 1282.500 1.976 A
Taste 649 1806.000 2.783 B
Price 649 2378.000 3.664 C
Composition 649 2571.000 3.961 D
Durability 649 2587.000 3.986 D
Country of origin 649 3004.500 4.629 E
Note: questionnaire survey, 2018.
100.0% 89.5%

80.0% 64.2%

60.0%

40.0% 358%

20.0% 10.5%

0.0%

Perception of taste difference between parbaked bakery Imperception of taste difference between parbaked bakery

produts and fresh baked ones

produts and fresh baked ones

m Respondents who know about baking parbaked bakery products that are sold as the fresh baked ones
Respondents who do not know about baking parbaked bakery products that are sold as the fresh baled ones

Figure 3 Perception of the difference in taste between parbaked bakery products and fresh baked ones according to
consumers' knowledge of the parbaked bakery produts in retails that are sold as the fresh baked ones. Note:

questionnaire survey, 2018.

Volume 14

28

2020



Potravinarstvo Slovak Journal of Food Sciences

70% 1.9%
V)
60% 57.3 / 56 7%
50%
40% 3
28.7%
30% 0 8% 27 6%
20% 0 0 S 5015 90 6.0% -0 8:3%8.2%
10%  2.0%1.5%1.201.7% O g™ 75:9% 0703294
0% == [
very low reasonable hlgh very high
m bread m common bakery products fine pastry durable bakery products

Figure 4 Perception of price of bread, common bakery products, fine pastry and durable bakery products. Note:

questionnaire survey, 2018.
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Figure 5 Factors affecting the purchase of bakery products. Note: questionnaire survey, 2018.

The obtained information then influences the perception of
freshness, country of origin and prices of specifically
selected bakery products by Slovak consumers.

We confronted the results of the consumer survey with
the results of a retail-oriented survey. The aim of the retail
survey, which also includes bakery products, was to
identify the types of offered bakery products, how they
approach the factors that determine consumers when
purchasing bakery products and the criteria that determine
the specific supplier of bakery products, bakery ingredients
or frozen semi-finished products (parbaked ones). All
retails involved in our survey offer bakery products, with
98.1% of the operations offering fresh bakery products,
73.8% durable bakery products and 45.8% parbaked
bakery products.

As the fresh bakery products are the most preferred by
consumers, we found out what kinds of these products
select retails to their offer. Based on the results of the
survey can be concluded that all retails offer bread, while
common bakery products are available in 96.3% of retails,
and 83.2% of them included in the assortment of fresh
bakery products also fine pastry. Retails are trying to adapt
to Slovak consumers, as fresh bread and pastries are still
an essential part of the day and according to
Tovar&Predaj (2018), almost half of Slovak consumers
who enjoy absolute freshness and crunchiness of bakery
products go shopping for bakery products daily, including
weekends.

Regarding the freshness, as an important factor in
determining consumer purchasing behavior, we identified
that 72% of the surveyed retails buy fresh bakery products
from suppliers (bakers), 15% of retails buy raw ingredients
from which they subsequently produce fresh bakery
products and 13% of retails sell parbaked bakery products
as the fresh ones. Consumer demand for fresh bakery
products encourages retails to include bakery products that
are warm and crunchy at the time of purchase. For this
reason, they are increasingly focusing on parbaked
products that are finished and baked in the store and arouse
interest of customers with their smell, freshness and
crispiness (Retail Magazin, 2016).

As the price of bakery products is another important
aspect for consumers when buying the bakery products, we
were interested in factors that retails consider important in
setting prices for selected types of food. Based on the
results of the research can be stated that the pricing is
mainly due to the prices of raw ingredients, especially
wheat, which increased due to the unfavorable climate in
our conditions, labor costs related to overnight work and
last but not least the costs related to as fuel prices that
continue to rise. In the light of the above, it can be stated
that the prices of bakery products will have an increasing
tendency that retails can not influence and future changes
in consumer purchasing behavior are likely to be largely
influenced by the amount of disposable income relative to
the prices of bread and other bakery products.
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The country of origin was identified as another factor
determining the consumer's purchasing behavior to
a significant extent, therefore we were interested how
retails adapt the assortment to Slovak consumers. Research
results proved that 98.1% of retails prefer Slovak
producers of finished bakery products, raw materials or
frozen semi-finished parbaked products. The range of fresh
and durable bakery products is dominated by the following
Slovak producers: Penam, Topec, Vamex, Oremus, Nella,
Smatana, Pekaren Coop Jednota, Hochel, bakery
Chtelnica, Danubia, Vanco, Varipek, Labas Nowaco,
Danubia, Anton Antol, Slatinska pekareni, Hapeko, Hopi,
Duke, Banov, Mlyn Pohronsky Ruskov, Mive and smaller
local bakeries. The assortment of frozen semi-finished
parbaked products is provided mainly by Minit Dunajska
Streda, Alfa R, Radoma Zilina and Ryba Kosice, as well as
by Polish suppliers. According to Trend (2019) and
Tovar&Predaj (2019), it is possible to conclude that
producers of parbaked goods are doing well, as these
bakery products currently account for about 30 — 40% of
total baked goods consumption. In 2016, up to 43 thousand
tons of parbaked bakery products were imported to
Slovakia and approximately another 20 to 30 thousand
tons were produced in Slovakia. Retails becomes
increasingly oriented towards the purchase of parbaked
bakery products, which is less costly for traders. This is
also confirmed by Tovar&Predaj (2019) and highlights
that if a supplier is the bakery, retailer have to order a
certain amount of bakery products one day in advance, but
the situation in operation is different every day.
Accordingly, it may be the case that retail orders too much
bread, which it does not sell or does not order enough. The
popularity of parbaked bakery products is growing as it
can provide hot bakery products throughout the whole day
at the store. Retails oriented also on the sale of bakery
products strive to meet the requirements of consumers, so
they take into account different criteria when selecting
suppliers of raw ingredients, finished bakery products and
frozen semi-finished parbaked products. The selected
criteria — freshness, price, durability, country of origin,
distance, terms of payment and terms of delivery were
ranked from 1 to 7, where 1 was the most important aspect
in the selection of suppliers and 7 the least important
aspect in the selection of suppliers. Research results
proved that the most important criteria are freshness, price,
durability and country of origin, which are also noticed by
consumers when purchasing these foods. In the context of
this question was established a hypothesis which assumed
differences in the evaluation of the above mentioned
criteria between individual retails. Based on the applied
Friedman’s test, can be identified the differences in the
criteria evaluation, confirmed by a statistical calculation of
the p-value (<0.0001), which is lower than the alpha
significance level (0.05).

CONCLUSION

Submitted paper focused on current issues related to the
bakery industry in the Slovak Republic with a focus on the
purchase and subsequent consumption of individual bakery
products, as well as the identification of the main factors
that determine it. We described the development trend of
the bread and other bakery products consumption, which is
influenced mainly by product prices, a wide range of

products in retails, as well as constant changes in
preferences of consumers and their purchasing behavior.
The changes in consumers' eating habits are one of the
most important factors affecting the consumption of
selected foods. For this reason, we conducted a consumer
survey. We found that the most important factors for
consumers are freshness, taste, price, durability,
composition and country of origin. From these factors it is
possible to deduce both rationality and irrationality in the
decision-making of Slovak consumers in the purchase and
subsequent consumption of selected foods. Rational
aspects in the purchase of bakery products are factors of
composition and durability. The irrationality of consumers'
purchasing behavior can be accompanied by psychological
factors, which include the perception of freshness and
smell of bakery products, perception of the price,
perception of the country of origin, as well as sensory
aspects such as taste.

Paper focused mainly on psychological factors.
Consumers perceive the prices of bakery products as
reasonable, which may also be due to the fact that pastries
and products belong to the basic foods that the consumer is
used to consuming every day. Freshness is another
psychological factor that consumers perceive when
purchasing the foodstuffs under review, with up to 78% of
consumers being aware of the fact that retail chains fnish
parbaked products in their bakeries, which are then
included in the assortment of fresh bakery products. 54.5%
of consumers even recognize the difference in taste
between fresh bakery products and parbaked bakery
products, suggesting that taste is a very important sensory
aspect determining the purchase and subsequent
consumption of chosen bakery products. The last identified
psychological factor was the perception of the country of
origin, to which consumers place a strong emphasis, as
they assume Slovak origin, especially when buying fresh
bakery products. We further confronted the results of the
consumer survey with the results of a business-oriented
survey focused on the sale of bakery products. As
consumers are increasingly in demand for fresh and tasty
bakery products, retail operations are encouraged to
include bakery products that are warm and crunchy at the
time of purchase. For this reason, they are increasingly
starting to focus on parbaked bakery products that bake in
their stores. Another important aspect is the price which
can not be largely affected by the retials, mainly due to
rising prices of raw ingredients, labor costs or transport
costs. Retails offer bakery products mostly of Slovak
origin due to the growing demands of consumers watching
the country of origin when buying selected foods. The
results also proved that the retails, when purchasing
finished bakery products or bakery ingredients, take into
account, in particular, the freshness, price, country of
origin, durability of the bakery products as well as the
distance of the suppliers.
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DIETARY FIBRE CONTENT IN ETHNIC AND UNCONVENTIONAL
VEGETABLES AND FRUITS GROWING IN BANGLADESH

Ruheea Taskin Ruhee, Samia Sams, Amena Begum, Mohammad Khairul Alam, Parveen Begum,
Maksuda Khatun, Mahbuba Kawser, Silvia Saberin, Monira Ahsan, Sheikh Nazrul Islam

ABSTRACT

Dietary fibre is known to provide health benefit and protect against degenerative chronic diseases. Thus, the present study
reports the total dietary fibre (TDF) content of sixty-nine selected ethnic and unconventional vegetables and fruits growing
in Bangladesh. The samples were collected from different locations of Bangladesh and mixed together to ensure sample
representativeness. Dietary fibre assay kit according to the AOAC method was utilized for the analysis of TDF in selected
vegetables and fruits. In the ethnic varieties, the TDF content ranged from 1.02 +0.16 to 7.16 £0.16 g for leafy (LV),
0.18 £0.01 to 6.71 +£0.49 g for non-leafy vegetables (NLV) and 1.21 +0.12 to 5.29 +£0.20 g for fruits per 100 g edible
portion (EP). In the unconventional items, it arrayed from 3.08 £0.34 g to 7.75 £0.13 g for LV and 1.02 £0.06 to 8.82
+0.40 g for NLV per 100 g EP. Among the analysed samples, the highest and lowest content of TDF was found in
Orohordal and Mairabokong, respectively. The unconventional vegetables contained much higher content of TDF than the
ethnics and the commonly consumed similar varieties. Data on TDF content in underutilized vegetables and fruits of
Bangladesh is sparse. Thus, the finding of this study would fill up the data gap in the existing food composition table of

Bangladesh and also would aware the people to take vegetables and fruits rich in fibres.

Keywords: Bangladesh; dietary fibre; ethnic vegetables and fruits; unconventional vegetables

INTRODUCTION

In the recent years, health benefits of dietary fibre in
reducing the risk of many chronic diseases have extensively
been addressed (Venn and Mann, 2004; Streppel et al.,
2008; Aune et al., 2011; Jurasova et al., 2011).
Epidemiological and interventional studies reported that
consumption of dietary fibre rich foods such as vegetables,
fruits, and whole grains reduce the blood cholesterol,
especially, low-density lipoprotein and blood pressure,
promote weight loss and improve insulin sensitivity
(Anderson, 2003; Streppel et al., 2008; IvaniSova et al.,
2017; Rana et al., 2019). Diet implicates the etiology of
diabetes and fibre rich diets have low glycemic index and,
thus, decrease diabetic incidence (Meyer et al., 2000;
Murtaugh et al., 2003; Venn and Mann, 2004; Kaline et
al., 2007; Krishnan et al., 2007). Dietary fibre also reduce
insulin need, slow down the absorption of sugar and prevent
spikes after meals (Takekawa and Matsumoto, 2012;
Kamila et al., 2018). Risk of cancers incidence, particularly
colon cancer, has also been reported to cut to those who
consume high dietary fibre containing foods (Aune et al.,
2011; Dong and Qin, 2011; Alam et al., 2017a, b). Intake
of high fibre diets also help alleviate constipation (Dhingra

et al., 2012; Stewart and Schroeder, 2013). Soluble fibre
has been reported to improve immunity, to speed up
elimination of toxic waste through the colon and to enhance
digestion. They can help treat or prevent overweight or
obesity (Takekawa and Matsumoto, 2012; Kamila et al.,
2018).

Data on dietary fibre are sparse. Bangladesh does not yet
have its own dietary fibre data; some data are being
generated for a few common foods. Dietary fibre data for
ethnic or unconventional foods have not yet been generated
or reported elsewhere. In our present-attempt to prepare a
food composition database for Bangladesh with special
reference to ethnic foods (Islam et al., 2010; Islam et al.,
2012; Shajib et al., 2013; Alam et al., 2016; Alam et al.,
2019; Hossain et al., 2016; Islam et al., 2016; Rana et al.,
2019), this article reports the analysis of total dietary fibre
(TDF) for sixty-nine vegetables and fruits of ethnic and
unconventional varieties. Data generated in present study
would surely add to and enrich the existing Food
Composition Tables and database for Bangladesh (Islam et
al., 2010; Islam et al., 2012; Shaheen et al., 2014).
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Kasani

Saimya Maisapagoh Gondhobatali
Figure 1 Photograph of the selected ethnic leafy vegetable samples studied.

Sengetur/senga Betagi Pudukroi

Kiokokro

Rosko Sindire Jogunagula

Figure 2 Photograph of the selected ethnic non-leafy vegetable and fruit samples studied.
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(CHTs) and in some specific plane lands. Ethnic group

Chimtishak

Muktajhuri

Venna Pata

Rakhalshosha
Figure 3 Photograph of the selected unconventional vegetable samples studied.

Scientific hypothesis

The content of total dietary fibre was evaluated in different
types of leafy vegetables, non-leafy vegetables and fruits
consumed by specific tribal community of Bangladesh. We
presumed that there exist a significant difference with
respect to total dietary fibre, measured by AOAC method,
in different indigenous leafy and non-leafy vegetables, as
well as fruit species.

MATERIAL AND METHODOLOGY

Reagents

Total dietary fibre assay kit (TDF-100) was purchased
from Sigma-Aldrich (Saint Louis, MO, USA). Reagent
grade ethanol, acetone, dibasic sodium phosphate, sodium
phosphate, sodium hydroxide, hydrochloric acid was
procured from Merck (Darmstadt, Germany).

Food samples

This study included analysis of total dietary fibre content
for sixty-nine vegetables and fruits of ethnic and
unconventional varieties grown in Chittagong Hill Tracts

comprised twenty-eight leafy and seventeen non-leafy
vegetables and six fruits; and unconventional group
consisted of fifteen leafy and three non-leafy vegetables.

Sample plan

Multi-region sampling plan was employed for collection of
the food sample. To conform to the representative sample
principle- “what the mass people consume’ and from where
they collect it”? (Southgate and Greenfield, 2017), the
ethnic samples were collected from weekly local markets at
Rangamati and Bandarban, and the unconventional ones
were collected from the specific local areas of Gazipur,
Mymansingh and from some places of Dhaka, where they
were grown. The samples were collected fresh, which were
then water sprayed, packed into auto seal plastic poly bags
and brought to the lab where the food samples were
processed for analysis of dietary fibre. Depending on the
availability, two to three samples were collected for each of
the food from every market and growing area. These were
then mixed to make three analytes or composite test
samples.
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Table 1a Ethnic leafy, non-leafy vegetables and fruits tested for TDF.

SN Local Name English Name Scientific Name Family
Leafy vegetable

1 Simeialu pata Cassava leaves Manihot esculenta Crantz. Euphorbiaceae
2 Konguloaga unavailable Unavailable unavailable

3 Sineiyeshak unavailable Unavailable unavailable

4 Bat baittashak Blue commelina Commelina benghalensis L. Commelinaceae
5 Sakumubakla Lawn marsh Hydrocotyle sibthorpiodes L. Araliaceae

6 Kamino shak unavailable Caesalpinia digyna Rottler Caesalpiniaceae
7 Amsurothi unavailable Unavailable unavailable

8 Noyalong Trailing Smartweed Ampelygonum chinense (L.) Polygonaceae
9 Monjori unavailable Unavailable unavailable
10 Yangfo Banyan Tree Ficus benghalensis L. Moraceae

11 Missayanu unavailable Sarcochlamys pulcherrima Gaudich Urticaceae
12 Felong dal shak Common Bean Phaseolus vulgaris L. Fabaceae

13 Gaiboma unavailable Polycarpon prostratum (Forssk.) Caryophyllaceae
14 Chikipung Rosy Dock Rumex vesicarius L. Polygonaceae
15 Ambush unavailable Blumea lacera (Burm.f.) DC. Asteraceae
16 Mrolapiong Bitter Cassava Manihot esculenta Crantz Euphorbiaceae
17 Projuktipata Arrow leaf False Monochoria hastata (L.) Solms. Pontederiaceae
18 Khoro pata unavailable Cissus repens Lam. Vitaceae

19 Katoldingi Arum Lasia spinosa (L.) Thwaites Araceae

20 Kasani False pickerelweed Monochoria vaginalis (Burm.f.) Pontederiaceae
21 Saimya Lime, Sour Lime, Citrus aurantiifolia (Christm.) Rutaceae

22 Balapata“® Pouzolzia Pouzolzia hirta (Blume) Hassk. Urticaceae
23 Moroi shak Fennel Foeniculum vulgare P. Mill. Apiaceae

24 Kochi aampata Mango leaf Mangifera indica L. Anacardiaceae
25 Dimeypata Bitter leaves Glinus oppositifolius (L.) A.D.C Molluginaceae
26 Maisapagoh Wild coriander Eryngium foetidum L. Apiaceae

27 Moikhumu Edible fern Diplazium esculentum (Retz.)Sw. Dryopteridaceae
28 Gondhobatali unavailable Paederia foetida L. Rubiaceae

Non-Leafy vegetable

29 Oraibalai unavailable Premna esculenta Roxb. Verbenaceae
30 Shimeful Red cotton flower Bombax ceiba L. Bombacaceae
31 Sengetur/seng unavailable Amomum corynostachyum Wall. Zingiberaceae
32 Betagi Canereed Costus speciosus L. Costaceae
33 Bas koral Berry bamboo Melocanna baccifera (Roxb.) Kurz Poaceae

34 Mairabokong unavailable Unavailable unavailable
35 Laigraobokong unavailable Unavailable unavailable
36 Non hong he Turmeric Curcuma longa L. Zingiberaceae
37 Khirar data Cucumber stem Cucumis sativus L. Cucurbitaceae
38 Pudukroi unavailable Amomum aromaticum Roxb. Zingiberaceae
39 Sakdusi Crispy brinjal Solanum lasiocarpum Dunal Solanaceae
40 Fala Not known Alpinia nigra (Gaertn.) B.L.Burtt Zingiberaceae
41 Forashdal Kidney been Vigna grahamiana L. Fabaceae.
42 Kiokokro unavailable Unavailable unavailable
43 Moalu Yam Dioscorea bulbifera L. Dioscoreaceae
44 Rangajhumalu Greater/water Yam Dioscorea alata L. Dioscoreaceae
45 Mulachi Radish Raphanus sativus L. Brassicaceae
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Table 1b Ethnic leafy, non-leafy vegetables and fruits tested for TDF.

SN Local Name English Name Scientific Name Family
Leafy vegetable
Fruits
46 Sindire Oriental cantaloupe Cucumis melo L. Cucurbitaceae
47 Rosko unavailable Syzygium balsameum (Wight) Myrtaceae
48 Kushumgulo Bead tree Elaeocarpus angustifolius Blume Elaeocarpaceae
49 Jogunagula Common red stem fig Ficus variegata Blume Moraceae
50 Jonglikola* Bronze banana Musa ornata Roxb. Musaceae
51 Jongli/Bonaam Wild mango Mangifera sylvatica Roxb. Anacardiaceae
Table 2 Unconventional leafy and non-leafy vegetables tested for TDF.
SN Local Name English Name Scientific Name Family
Leafy vegetables
52 Chimtishak Small knotweed Polygonum plebeium R. Br. Polygonaceae
53 Bon palong Bitter dock Rumex maritimus L. Polygonaceae
54 Tit begun shak Black night shade Solanum indicum L. Solanaceae
55 Bondhonia Wild coriander Scoparia dulcis L. Scrophulariaceae
56 Vennapata Venna leaves Ricinus communis L. Euphorbiaceae
57 Orohorpata Pigeon pea Cajanus cajan Millsp. Fabaceae
58 Bet gach Korok bet Calamus tenuis Roxb. Arecaceae
59 Sornolota/ Torulota Dodder Cuscuta reflexa Roxb. Cuscutaceae
60 Sadakoroi pata Labbec tree Albizia procera (Roxb.) Benth Fabaceae
61 Telakucha Ivy gourd Coccinia grandis (L.) Voigt C urbitaceae
62 Tetulpata Tamarind tree Tamarindus indica L. Fabaceae
63 Muktajhuri Indian acalypha Acalypha indica L. Euphorbiaceae
64 Khudemanik Thankuni leaves Centella asiatica (L.) Urban Apiaceae
65 Roktodrone Red verticulia Leonurus sibiricus L. Lamiaceae
66 Jolpai pata Indian olive leaves Elaeocarpus varunua B. Elaeocarpaceae
Non-Leafy vegetables
67 Rakahlshosha Wood cumber Zehneria scabra (L.f.) Sond. Curbitaceae
68 Orohordal Pigeon pea Cajanus cajan (L.) Millsp. Fabaceae
69 Jam alu Potato Solanum tuberosum L. Solanaceae

Identification of vegetable sample

A taxonomist (Dr. Maksuda Khatun) of the Department of
Botany, University of Dhaka, who was also accompanied
the collection team, and confirmed the sample identity with
name and family. The collected samples are listed in the
Table la, Table 1b and Table 2. Photographs of some
vegetables and fruits are also provided in the Figure 1,
Figure 2 and Figure 3.

Sample processing

Each of the collected samples was cleaned with tap water
and then rinsed with distilled water, gently swabbed with
tissue paper to remove trace of water and air dried. The air-
dried sample was diced or cut into small pieces (peeled
where needed) using a clean stainless steel knife on a dried
clean plastic cutting board.
The diced sample was mixed, and a weighted portion was
spread in stainless steel plate(s) and then dried in air-oven
at 100 — 105 °C to constant weight (AOAC, 2007), which
was then milled to 0.3 to 0.5 mm mesh powder. The

powdered or milled sample was stored in desiccators for
analysis of total dietary fibre.

Analysis of total dietary fibre

The total dietary fibre was estimated by the enzymatic and
gravimetric method of the Association of the Official
Analytical Chemists (AOAC, 2007) using a total dietary
fibre assay kit (TDF-100A, Sigma-Aldrich, Saint Louis,
USA). The assay procedure as described in the kit was
strictly followed. In brief, the dried meshed sample was
incubated with a-amylase at pH 6.0 for 15 min at 95 °C for
gelatinization, which was then digested by incubation with
protease at pH 7.5 for 30 min at 60 °C, then with
amyloglucosidase at pH 4.5 for another 30 min at 60 °C to
remove protein and starch present in the sample. Ethanol
was added in excess to precipitate the soluble dietary fibre.

The residue was filtered and washed with ethanol and
acetone; which was then dried overnight in an air-oven until
it reduced to constant weight or nearest 0.1 mg. After
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drying, half of the sample was analyzed for protein and the
other half was burnt to ash.

Total dietary fibre content in the samples was calculated
according to the below mentioned formula.

TDF % = [(Rsample - Psample - Axsample - Blal’lk)/SM]X 100

Where: TDF= Total Dietary Fibres, R= average residue
weight (mg), P= average protein weight (mg), A= average
ash weight (mg), SM= average sample weight (mg), Blank
(containing only solvent)= Rblank- Pblank-Avlank. Residues
were corrected for protein, ash and blank in final
calculation.

Statistical analysis

The analysis was carried out in triplicates. Descriptive
statistics were performed and values were expressed as
mean + standard deviation. One-way analysis of variance
(ANOVA) was employed to evaluate the differences among
varieties for total dietary fibre content and was declared
significant when p <0.05 at 5% level of significance.
Minitab version 18.0. (Minitab Inc., State College, PA,
USA) was used to analyze the data.

Table 3 Total dietary fibre of ethnic leafy vegetables.

RESULTS AND DISCUSSION

Table 3 and Table 4 represent the total dietary fibre
contents in the ethnic leafy and non-leafy vegetables and
Table 5 and Table 6 represent the total dietary fibre contents
in the ethnic fruits, and unconventional leafy and non-leafy
vegetables. In the ethnic vegetables, the dietary fibre ranged
from 1.02 +£0.16 to 7.16 £0.16 g per 100 g fresh edible
portion (pooled mean £SD: 2.25 +1.34) for leafy vegetables
(Table 3), 0.18 £0.01 to 6.71 £0.49 g per 100 g fresh edible
portion (pooled mean +SD: 2.75 +1.64) for non-leafy
vegetables (Table 4) and in the ethnic fruits (Table 5), the
content varied from 1.21 +0.12 to 5.29 £0.20 g per 100 g
fresh edible portion (pooled mean +SD: 3.11 +1.44).
Although the combined data for ethnic fruits showed high
amount of dietary fibre compared to ethnic leafy- and non-
leafy vegetables, but we did not observe any statistical
significance. In unconventional vegetables (Table 6), the
content ranged from 3.08 +£0.34 to 7.75 £0.13 g per 100 g
fresh edible portion (pooled mean +SD: 5.79 +1.42) for
leafy vegetable and 1.02 +0.06 to 8.82 +0.40 g per 100 g
fresh edible portion (pooled mean £SD: 4.93 £3.29) for non-
leafy vegetable. Like ethnic vegetables and fruits combined
data, unconventional vegetables also failed to show
statistical significance between leafy and non-leafy
vegetables.

SN Leafy vegetable (Local name) TDF g per 100 g edible portion
| Simei alu pata 1.02 £0.16~
2 Konguloaga 2.07 £0.094¢
3 Sineiyeshak 2.36 +0.334
4 Bat baittashak 1.96 £0.15%f
5 Sakumubakla 4.06 +£0.30¢
6 Kamino shak 1.87 £0.16%¢
7 Amsurothi 1.79 £0.22¢fh
8 Noyalong 1.74 £0.18¢°n
9 Monjori 1.12 £0.07%
10 Yangfo 2.16 £0.104
11 Missayanu 5.06 £0.05°
12 Felong dal shak 1.89 £0.124¢t
13 Gaiboma 1.97 +0.124f
14 Chikipung 2.14 £0.15%
15 Ambush 2.08 £0.16%
16 Mrolapiong 2.41 £0.234
17 Projuktipata 1.67 £0.26°ehi
18 Khoro pata 1.18 £0.19%%
19 Katoldingi 1.68 £0.14°2
20 Kasani 1.88 +£0.10dfehi
21 Saimya 2.07 £0.05%
22 Balapata 1.26 +£0.18"k
23 Moroi shak 1.45 +£0.171¢hik
24 Kochi aampata 4.35+0.33¢
25 Dimeypata 1.12 £0.02i
26 Maisapagoh 1.34 £0.04¢hiik
27 Moikhumu 2.09 £0.10%
28 Gondhobatali 7.16 £0.16°

Note: Different superscript letters in each column indicates the significant differences in the mean at p <0.05.

Volume 14

38

2020



Potravinarstvo Slovak Journal of Food Sciences

Table 4 Total dietary fibre of ethnic non-leafy vegetables.

SI Non-Leafy vegetable (Local name) TDF g per 100 g edible portion
29 Oraibalai 6.71 £0.49?
30 Shimeful 4.90 £0.24°
31 Sengetur/senga 1.70 £0.02f
32 Betagi 4.37+0.34°
33 Bas koral 2.19 £0.14%fe
34 Mairabokong 0.18 £0.014
35 Laigraobokong 1.27 £0.26"
36 Non hong he 2.98 +£0.05%
37 Khirar data 2.13 £0.02¢°
38 Pudukroi 3.44 £0.25¢
39 Sakdusi 2.51 £0.474t
40 Fala 2.41 £0.324¢t
41 Forashdal 2.63 £0.42¢d
42 Kiokokro 0.74 £0.12"
43 Moalu 2.28 £0.374¢t
44 Ranga jhum alu 1.65 £0.13
45 Mulachi 4.74 £0.23°

Note: Different superscript letters in each column indicates the significant differences in the mean at p <0.05.

Table 5 Total dietary fibre of ethnic fruits.

SI Fruits (Local name) TDF g per 100 g edible portion
46 Sindire 1.94 +0.13¢
47 Rosko 4.38 +£0.46°
48 Kushumgulo 1.21 +0.12¢
49 Jogunagula 2.78 £0.21°¢
50 Jonglikola 3.06 £0.09¢
51 Jongli/Bonaam 5.29 £0.20?

Note: Different superscript letters in each column indicates the significant differences in the mean at p <0.05.

Table 6 Total dietary fibre of unconventional vegetables.

SI Leafy vegetables (Local name) TDF g per 100 g edible portion
52 Chimtishak 7.75 £0.13%
53 Bon palong 4.69 +£0.33"
54 Tit begun shak 4.65+0.13"
55 Bondhonia 6.27+0.334¢t
56 Vennapata 4.49 +£0.38"
57 Orohorpata 6.64 £0.25%f
58 Bet gach 7.16 £0.41°
59 Sornolota/ Torulota 6.12 £0.36°"
60 Sadakoroi pata 3.08 £0.341
61 Telakucha 7.32 £0.34
62 Tetulpata 6.29 £0.16%f
63 Muktajhuri 6.85 £0.465e
64 Khudemanik 3.33+£0.29'
65 Roktodrone 6.56 £0.11°¢f
66 Jolpai pata 5.74 £0.062
Non-Leafy vegetables

67 Rakahlshosha 1.02 £0.06
68 Orohordal 8.82 +0.40*
69 Jam alu 5.19 £0.22¢

Note: Different superscript letters in each column indicates the significant differences in the mean at p <0.05.
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The present study indicates that amongst the vegetables
and fruits those were tested, Orohordal contains the highest
amount of total dietary fibre (8.82 £0.40 g per 100 g fresh
edible portion).

It was followed by Chimtishak, Telakucha, Betgach,
Gondhobatali, Muktajhuri, Orhorpata, Oraibalai,
Roktodrone, Tetulpata, Bondhonia, Sornolota, which also
contain rich amount of dietary fibre ranging from 7.75
+0.13 to 6.12 £0.36 g per 100 g fresh edible portion. The
other vegetables such as Jolpaipata, Jonglaam, Jamalu,
Missayanu, Shimeful, Mulachi, Bonpalong, Titbegun,
Vennapata, Rosko, Betagi, Kochi aampata, Sakumubakla
also contain a high amount of TDF (5.74 +0.06 to
4.06 £0.30 g per 100 g fresh edible portion). For leafy
vegetable, the lowest TDF was present in Simeialupata
(1.02 £0.16 g per 100 g fresh edible portion). Among the
fruits, Jongliaam or Bonaam has the highest amount of TDF
(5.29 £0.20 g per 100 g fresh edible portion), followed by
Rosko (4.38 +0.46 g per 100 g fresh edible portion) and
Jonglikola (3.06 £0.09 g per 100 g fresh edible portion).
The study findings also indicate that the unconventional
vegetables contain higher amount of total dietary fibre
(5.65 £1.85 g per 100 g fresh edible portion) as compared
to the ethnic vegetables (2.52 +1.48 g per 100 g fresh edible
portion). In case of most food items, the content of dietary
fibre in ethnic vegetables was found to be, somewhat,
comparable to that of commonly consumed vegetables in
Bangladesh (Islam et al., 2010; Islam et al, 2012;
Shaheen et al., 2014; Alam et al., 2016; Rana et al., 2019)
as well as in India (Longvah et al., 2017) and elsewhere
(Dhingra et al., 2012). From Table 5 it can be seen that,
among ethnic fruits, Rosko, which looks like Plum or Black
berry, was found to contain much higher amount of dietary
fibre (4.38 g per 100 g edible fresh) than the Plum (2.80 g
per 100 g edible fresh) or higher than or similar to the Black
berry (3.50 or 4.35 g per 100 g fresh edible portion) (Islam
et al., 2012; Longvah et al., 2017).

Similarly, Jongliaam and Joglikola were found to contain
higher amount of dietary fibre (5.29 and 3.06 g per 100 g
fresh edible portion respectively) as compared to the mango
(3.65 or 1.5 g per 100 g fresh edible portion) and banana
(1.90 or 2.6 g per 100 g fresh edible portion) (Islam et al.,
2010; Islam et al., 2012; Shaheen et al., 2014).

In the ethnic Mulachi and Green Chilli, the total dietary
fibre was found to be almost same (4.74 vs 4.90 g per 100 g
fresh edible portion). The recommended dietary intake
(RDI) of TDF for an adult human is 30 — 38 g per day and
the consumption of these ethnic and unconventional
vegetables and fruits can contribute up to 30% of RDI of
TDF.

CONCLUSION

Some of ethnic vegetable and fruits such as Gondhobatali,
Oraibalai, Shimeful, Rosko, Betagi, Kochi aampata,
Jongliaam and most of the unconventional vegetables were
found to contain rich amount of total dietary fibre. The
findings of present study would encourage people to adapt
dietary diversity. Cultivation and regular intake of plant
foods rich in fibre might reduce the risk of many diseases.
It would also go a long way in filling up the data gap that
exists in food composition database for Bangladesh.
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FEEDING AND WEANING PRACTICES AMONG MOTHERS OF UNDER-FIVE
CHILDREN IN SELECTED PRIMARY HEALTH CARE CENTRES IN
ADO-EKITI, EKITI, NIGERIA

Oluwaseyi Akpor, Tunrayo Oluwadare, Omotola Taiwo, Bukola Aladenika, Oghenerobor Akpor

ABSTRACT

An appropriate diet is necessary in the growth and health status of children especially in the first two years of life. This
study determined the feeding and weaning practices among mothers of children below the age of five years in two selected
Primary Healthcare Centres in Ado-Ekiti, Ekiti State, Nigeria. The study design was descriptive and cross sectional using
an interviewer-administered questionnaire, 200 mothers who were purposely selected participated in the study. Statistical
Package for Social Sciences was used for data analysis. Findings from the study revealed that the main practice of feeding
of infants was breastfeeding, the majority of the mothers started to wean their children at about 6 — 7 months. Also, the
major type of weaning practiced by mothers was abrupt weaning, majority of the mothers had good knowledge of feeding
and weaning including how beneficial exclusive breastfeeding is, though it is just a few of them that practice exclusive
breastfeeding. Therefore, complementary feeding education that will involve the use of various media most especially the
primary health facilities is paramount for optimal health of infants. Also teaching should focus on the type of weaning and

mothers should be educated on the consequences of abruptly weaning a child.

Keywords: feeding; weaning; mothers; break-feeding; complementary feeding

INTRODUCTION

Weaning is the process of gradually introducing an infant
to adult foods while gradually withdrawing breast milk.
The child is not abruptly taken off breast milk, the process
of weaning should be started after the age of 6 months and
natural weaning happens as the infant starts to accept
increasing amounts and different variety of complementary
feedings although still breastfeeding on request
(Mohammed, 2014; Ogunsuyi, 2016). Weaning is
traditionally described as withdrawal from breast feeding
i.e. when breast feeding is gradually replaced by semisolid
food. The shift from exclusive breastfeeding to family
foods is referred to as complementary feeding and
complementary feeding is defined by World Health
Organization (WHO) as the addition of energy as well as
non-energy containing fluids, non-human milk and semi-
solids or solids to children's diet which covers the time
from 6 months to 18 — 24 months of age (WHO, 2002;
Chaudhry and Humayun, 2007).

The weaning period, which usually corresponds with the
eruption of the child’s major dentition implies that the
child is ready to chew (Aliyu et al, 2019). The weaning
period is a very susceptible period, since it is the point in
which malnutrition set offs in many infants. Infants are
predisposed to malnutrition as a result of poor quality of
weaning foods, improper feeding and weaning practices,

which can also predispose the infants to growth
retardation, infectious diseases and high mortality rate
(Rahul, Mohd and Rakesh, 2014; Mohammed, 2014).

It is indicated that poor infant feeding and their
consequences are one of the world’s major problems and
a serious obstacle to social and economic development.
During the first two years of life, poor feeding practices
and weaning practices have both instant and long-standing
consequences. Inappropriate feeding of infants has long
been observed in our society to be one of the global
problems responsible for about one-third of the cases of
malnutrition worldwide (Anoshirike et al, 2014).
According to Mohammed (2014) about ten million
children below the age of 5 years old die annually and
more than half of the deaths occur because of malnutrition.

In Nigeria, complementary foods are usually semi-solids
and they differ in homes but most homes use maize based
cereal (Aliyu et al, 2019). Due to introduction of
westernized food and other factors like the advertising
tactics taken up by most food and beverage companies and
the readily preparation of most of these foods, these factors
may influence the feeding practices like reducing the age
of initiation of complementary feeding and early cessation
of breastfeeding. Due to the high prevalence rate of
malnutrition, there will be a burden on the economic
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development because huge amount of money will be spent
towards treating these children (Aliyu et al., 2019).

Among preventive measures that would reduce the
excess mortality for children under the age of five years,
good quality complementary feeding, proper breastfeeding
and complementary feeding practices have been listed as
part and about 19% of this death can be prevented
(Kavitha, Nadhiya and Parimalavalli, 2014). Improved
breastfeeding practices and reduction of artificial feeding
is reported to save an estimated 1.5 million children a year
(Bhanderi and Choudhary, 2011). This study therefore
investigated the feeding and weaning practices among
mothers of under five children in selected Primary Health
Centres in Ado-Ekiti Local Government Area of Ekiti
State, Nigeria.

The theoretical framework for this study is the Health
Belief Model (HBM), which is a psychological model that
endeavours to describe and forecast human behaviours
(Janz and Becker, 1984). The HBM is an intrapersonal
theory used in health promotion to design intervention and
prevention programs, it is based on personal beliefs or
perceptions about a disease and the schemes available to
diminish its occurrence. The model proposes that people’s
viewpoints about health problems, perceived benefits of
action and barriers to action, and self-efficacy enlightens
commitment or lack of commitment in health promoting
behaviour. A motivation, or cue to action must be present
in order to set off the health-promoting behavior (Figure
1).

For the purpose of this study five concepts of the Health
Belief Model are used. This study is based on the feeding
and the weaning practices of mothers of under-five

children; it involves the practices adopted by mothers to
feed their children, the timing of feeding and weaning, and
also the food used. Therefore, these concepts will explain
how the theory is related to the study. The Health Belief
Model is a framework for motivating people to take
positive health actions that uses the desire to avoid
a negative health consequence as the prime drive. For
example, inappropriate feeding and weaning has many
negative health consequences, and the desire to avoid the
consequences can be used to motivate mothers into
practicing safe and appropriate feeding and weaning.

Perceived severity is described as the severity an
individual attach to a disease which can be as a result of
the beliefs a person has about the complications that can
arise as a result of the disease or its outcome on his or her
health, in this case on the child’s health. The main
component of infant feeding is breast feeding; studies have
shown that infants who are not exclusively breastfed
develop some long-term medical consequences. If mothers
understand the degree of health challenges that may occur
due to inappropriate infant feeding and weaning, it is likely
they will change for the benefit of the health of their child.

After understanding the severity of the illness that may
likely occur i.e. malnutrition, mothers tend to engage in
health promotion and illness prevention. And for those that
are already affected they tend to find solutions before it is
too late.

Perceived benefits involve one’s opinion of how useful
an action is in reducing the risks of developing a disease.
In relation to this study, the perceived benefits include,
benefits of breast-feeding, benefits of other options of
infant feeding and of weaning, for example, it is

Individual

Likelihood of

Modifying factors

perceptions

actions

Age, sex, ethnicity,

Perceived benefits minus

personality, perceived barriers
socioeconomic
knowledge
Perceived threat Perceived Likelihood of
susceptibility and behaviour
severity

[ Cues to action ]

Figure 1 Diagrammatic representation of the health belief model (Glanz, Rimer and Lewis, 2002).
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advantageous to give thick porridge to infants above
6 months because they provide a lot of energy to the
infant. Also, if a mother knows the benefit of breastfeeding
for both her and her child, she is more likely to practice it.
Most women do not practice the appropriate infant feeding
and weaning because they are ignorant of the health risks
associated, therefore, adequate enlightenment will go
a long way in helping them.

Perceived barriers are the perceived obstacles that
prevent an individual from taking a particular health
action. It is a way of an individual assessing the barriers
that will prevent him or her from adopting the new
lifestyle.

There are so many obstacles encountered by women
during the period of breast feeding that prevents the
practice of exclusive breast feeding such as husband
refusal, painful nipple, infants’ refusal to suck and career.
These obstacles might prevent the woman from achieving
the new lifestyle, encountering difficulties with
breastfeeding may cause a woman to wean her child off
breast milk earlier than recommended or expected. Poverty
is also a major obstacle to good weaning practices as it
affects the quality and quantity of food fed to infants.
Other barriers in relation to this study include, lack of
education, tradition and lack of social support.

Cues to action is always essential for commitment in
health promoting activities; it indicates one’s willingness
to assess a health facility. People who are at risk of
a disease, after seeing public display on the condition tend
to remember they have appointment with a medical
practitioner, alarms, and reminders can also be used to
keep to date. Psychological cues such as pain also serves
as a reminder. The cues to action in this study include
health education and counseling by the nurse. The nurse
acts as a teacher, counselor and communicator to the
woman which helps to promote the performance of health
related behaviours such as the practice of exclusive
breastfeeding.

Scientific hypothesis

Hypotheis 1: There is no significant relationship between
respondents’ level of education with feeding and weaning
practices.

Hypothesis 2: There is significant relationship between
respondents’ age with feeding and weaning practices.

MATERIAL AND METHODOLOGY

Study design and setting

The study design was descriptive and cross sectional.
Purposive sampling technique was used to select two
Primary Health Care centres in Ado-Ekiti Local
Government Area of Ekiti State, Nigeria. To maintain
anonymity, the PHC were referred to as ‘PHC A’ and
‘PHC B’.

The ‘PHC A’ is made up of a waiting room, examination
room, labour ward and an admission ward. The services
rendered in the Centre include antenatal services, delivery,
circumcision, family planning, treatment of childhood
diseases and immunization services. It is operated by four
registered nurses and fifteen community health extension

workers (CHEWS) with an average patient patronage of
744 per month.

The settings for ‘PHC B’ was similar to PHC A with five
registered nurses and fifteen CHEWS. Services rendered in
the clinic include, family planning, antenatal -clinic,
delivery, circumcision, treatment of childhood diseases,
infant growth monitoring and immunization services. It
has an average monthly patient patronage of 132.

Study population, sampling technique and sample size.
The target population for this study comprised of women
in the selected PHC centres whose confinement was not
more than five years to avoid recall bias. Inclusion criteria
included attending one of the selected PHC centres, have
children below the age of five years who are being fed
(bottle feeding or breastfeeding) or weaned. Potential
participants had to be willing to participate in the study.

Purposive sampling technique was used to select
238 mothers that participated in the study while only
200 mothers returned fully completed questionnaire. The
sample size was calculated, using the Fischer’s formula for
descriptive study. Although the calculated sample size of
217 and obtained, deliberate over-sampling was done to
the tune of 10% (21.7) to make up for incomplete
responses. Therefore, a sample size of 238 was used but
only 200 questionnaires were fully completed.

Instrument and data collection

A semi-structured interviewer-administered questionnaire
was used for data collection. The research instrument was
developed by checking previous articles done on weaning
and feeding practices and deducing questions from most of
them. The questionnaire was divided into four sections,
sections A and B contained the demographic data and the
feeding practices applied by the participants, respectively.
Section C assessed the weaning practices and foods used
in weaning off the children, while Section D assessed the
knowledge of mothers on feeding and weaning. The
questionnaire was written in English language and
participants were informed about the purpose of the study.
Furthermore, pre-testing of the questionnaire was carried
out using five participants that had similar characteristics
with the study population but the findings were not
included in the final data.
Mothers of children below the age of five were asked to
participate in the study during their visit to the health care
centres for ante-natal and post-natal services (booking,
immunization) or family planning. Data was collected
from March to April 2017. Guidelines for completion of
the questionnaire was explained to the participants,
questionnaires were collected and collated.

Ethical consideration

Before the commencement of the study, the research
proposal was submitted to the Research and Ethics
Committee of Afe Babalola University, Ado-Ekiti
(ABUAD) for reviewed and permission to conduct the
study was given. Likewise, an official letter was written to
the two selected PHC centres and permission letters were
obtained from the facility managers. Prior to data
collection, each participant’s right was explained and
inform consent were obtained. The participants were
assured that information provided will not be used against
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them, no remuneration was offered and they were
informed of the opportunity to withdraw at any stage of the
research.

Statistic analysis

Data analysis was done with the aid of Statistical
Package for Social Sciences (SPSS) version 20 and
Microsoft Office Excel (2016) to generate figures and
graphs. Descriptive statistics such as frequencies,
percentages, mean were presented on tables, or charts.

RESULTS AND DISCUSSION

Socio-demographic characteristics of participants
With respect to the socio-demographic characteristics of
participants, of the 200 participants, 50.5% of them were
between the ages of 31 — 40. A total of 70.5% of the
mothers were married. The vast majority (48.0%) of the

Table 1 Socio-demographic characteristics of the participants.

mothers have 2 children, with only 1.0% of them having
six children. Over 40% of the mothers had at least
secondary school education (Table 1).

Feeding practices of participants

As shown in Table 2, more than half of the respondents
(59.5%) fed their infants at least 6 times a day, 88.0% of
the mothers breastfed their children and 63.0% did not
give their children anything to drink other than breast milk
in the first 3 days after delivery. Of the 37.0% of mothers
who gave their infants anything other than breast milk in
the first 3 days after delivery, more than half (54.1%) gave
their baby glucose water.

Most mothers (60.0%) gave their children only breast
milk and the minority. Almost half (42.0%) of the mothers
fed their children with only breast milk till when they were
5 — 6 months, and 61.0% of the children were satisfied
with only breast milk in the first 6 months.

Socio-demographic data Frequency (n = 200) %
20 -30 77 38.5
Age distribution 31-40 101 50.5
41 - 50 22 11.0
Single 52 26.0
Marital status Married 141 70.5
Divorced 7 3.5
Yoruba 106 53.0
. . Hausa 48 24.0
Ethnicity Igho 6 3.0
Igbira 40 20.0
1 35 17.5
2 96 48.0
. 3 55 27.5
Number of children 4 7 35
5 5 2.5
6 2 1.0
No formal education 13 6.5
Educational level Is)zlcrrgiii};ry ?gg Hg
Tertiary 70 35.0
Student 3 1.5
Teacher 90 45.0
. Trader 67 33.5
Occupation Health care worker 3 1.5
Civil servant 27 13.5
Unemployed 10 5.0
1 — 3 months 16 8.0
4 — 6 months 40 20.0
. 7 — 9 months 65 32.5
Age of infant 10 — 12 months 54 27.0
1 —3 years 24 12.0
4 — 6 years 1 0.5
. Male 87 43.5
Sex of infant Female 113 56.5
5000 38 19.0
. 6000 — 1 000 62 31.0
Monthly income 11000 — 20000 52 26.0
21000 — above 48 24.0
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Table 2 Feeding practices of participants.

Feeding practice Frequency %
3 Times 16 8.0
How many times do you feed your 4 Times 20 10.0
infant per day 5 Times 45 22.5
6 Times 119 59.5
On demand 120 60.0
Feeding is usually? On schedule 41 20.5
Whenever [ feel like 39 19.5
Breastfeeding 176 88.0
Feeding method practiced Bottle feeding 8 4.0
Spoon and cup 16 8.0
Anything to drink other than breast
mi]i; ing the first 3 days after Yes " 37.0
. No 126 63.0
delivery?
Plain water 16 21.6
Glucose water 40 54.1
If YES, what? Powdered milk 12 16.2
Infant formula 6 8.1
Breast milk only 120 60.0
Which one of these milk feeding  Breast milk with water 48 24.0
did you practice? Breast milk with other foods 24 12.0
Any food available 8 4.0
| 3 4 months 4 240
How many months did you feed 46 23.0
. . 5 — 6 months
with only breast milk? 6 — 7 months 84 42.0
22 11.0
Was your baby satisfied with breast ~ Yes 122 61.0
milk in the first 6 months? No 78 39.0
6 months 121 60.5
How many months did you 1 year 38 19.0
breastfeed in total? 1 year and above 31 15.5
2 years and above 10 5.0
L . Yes 162 81.0
Do you practice night feeding? No 38 190
2 times 52 32.1
How frequently do you feed the 3 times 41 25.3
child at night? 4 times 6 3.7
On demand 63 38.9

Majority (60.5%) of the mothers breastfed for about 6
months, also vast majority (81.0%) of the mothers practice
night feeding and close to one- third (38.9%) of the night
feeding was on demand.

Weaning practices of the participants

As revealed in the study, more than one- third (39.5%) of
mothers weaned their child within the age range of
6 — 7 months which is also the same age most of the
mothers stopped breastfeeding their children. Close to half
(44.0%) of the participants weaned their children because
they had reached the weaning age, while 44.0% weaned
their child off breast milk abruptly. Pap and milk (64.0%)
were the food used the most by mothers during the period
of weaning (Table 3).

The use of bitter substance (39.0%) was used by mothers
the most as a method to take their child off breastmilk.
More than half (57.5%) of the mothers gave their weaning
food with a spoon and cup. A high percentage (70.0%) of

the children was not selective of weaning food, 71.0% of
the mothers responded that the weaning method affected
the baby’s weight. Majority (88.5%) of the mothers did not
take drugs when they were pregnant (Table 3).

Knowledge on feeding and weaning practices

As shown in Table 4, about half (51%) of the mothers
obtained their knowledge on feeding and weaning of their
infants from health care workers and 82% of the mothers
were familiar with the right meaning of exclusive
breastfeeding (Table 4).

Almost half (51%) of the participants indicated that their
knowledge on breast feeding was shown to have come
from health workers (Figure 2). Generally, a vast majority
(70%) of the participants were observed to have ideal
knowledge of breastfeeding and weaning (Figure 3).

The majority of mothers in the study breastfed their
children for at least six times daily, and breastfeeding was
given for about six months in total.
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Table 3 Weaning practices of participants.

Weaning practices Frequency %
At what age did you wean your child? 6 — 7 months 79 39.5
8 — 9 months 66 33.0
10 — 12 months 55 27.5
Reason for weaning child Reached weaning age 90 45
Not enough milk 22 11
New pregnancy 4 2.0
Mother/father’s desire 60 30.0
Return to work 24 12
Type of weaning practiced Sudden 88 44.0
Gradual 50 25
Natural 36 18
Mother led 26 13
Food used for weaning Home-made food 28 14
Ready prepared food 6 3
Family food 82 41
Infant formula 84 42
Type of weaning food Pap and milk 128 64
NAN 24 12
Any food available 12 6
Cerelac 14 7
Amala 22 11
Method of weaning practiced Use of bitter substance 78 39
Separate mother from child 67 33.5
Both 55 27.5
Is your baby selective of weaning  Yes 60 30
food? No 140 70
Do you think weaning method affected  Yes 58 29
baby’s weight? No 142 71
Did you take any drug while weaning  Yes 23 11.5
your child? No 177 88.5
If yes, mention the drug Paracetamol 9 39.1
Ampliclox 6 26.1
Multi- vitamin 8 34.8

Participants” source of information on

feeding and weaning

2 Adequate knowledge -: Moderate knowledge = Poor knowledge

10%

Figure 2 Participants’ source of information on feeding and weaning.

Volume 14

47

2020



Potravinarstvo Slovak Journal of Food Sciences

Table 4 Knowledge of mothers on the feeding and weaning practices.

Items Yes No
Freq. % Freq. %

Weaning is the practice of slowly introducing a baby to adult foods 160 80.0 40 20.0
while slowly withdrawing breast milk

Feeding is the process of supplying food and nourishment to a baby 180 90.0 20 10.0

Exclusive breastfeeding is when only breast milk is given to a child from 164 82.0 36 18.0
birth to six months of age

Exclusive breastfeeding is beneficial to the child. 156 78.0 44 22.0

Infants should be fed whenever they are hungry. 151 75.5 49 24.5

Weaning should start at 9 months. 68 34.0 132 66.0

Poor weaning practices can cause malnutrition. 164 82.0 36 18.0

Do you think colostrum is dirty, unclean? 111 55.5 &9 44.5

After 6 months, it is good to only breastfeed. 37 18.5 163 81.5

Young children should be breastfed at least 2 years? 94 47.0 106 53.0

Infant formula is as good as breast milk. 72 36.0 128 64.0

General knowledge score of

participants on feeding and weaning

& Adequate knowledge - Moderate knowledge

10%

Figure 3 General knowledge score of participants on feeding and weaning.

— Poor knowledge
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Table 5 Relation of respondents’ educational status with feeding and weaning practices.

Practice grading Total
Adequate Moderate Poor
practice practice practice
Level of education =~ No formal education 13 0 0 13
Primary 18 16 0 34
Secondary 59 24 0 83
Tertiary 30 20 20 70
Total 120 60 20 200
Table 6 Chi-Square Tests.
Value Df p-value
Pearson Chi-Square 53.298* 6 .000
Likelihood Ratio 61.272 6 .000
Linear-by-Linear 21.628 1 .000
Association
N of Valid Cases 200
Note: * — p-value <0.05.
Table 7 Relationship of respondents’ age with feeding and weaning practices.
Practice grading Total
Adequate Moderate Poor practice
practice practice
Age 20 -30 35 27 15 77
31-40 73 28 0 101
41-50 12 5 5 22
Total 120 60 20 200
Table 8 Chi-Square Tests.
Value Df p-value
Pearson Chi-Square 27.167% 4 .000
Likelihood Ratio 34.900 4 .000
Linear-by-Linear 5.543 1 .019
Association
N of Valid Cases 200

Note: * — p-value <0.05.

This study agreed with the findings of Akeredolu et al.
(2014) and Olatona, Odozi and Amu (2014), who
asserted in their studies that majority of the mother’s
breastfed their children. In
a related study, Katepa-Bwalya et al. (2015), it was also
observed that majority of mothers breastfed their children
for varying periods of time. As revealed in the study, of
the majority that practiced breastfeeding, only few (14.7%)
breastfed exclusively. This is similar to the findings of
Mohammed (2014) and Katepa-Bwalya et al. (2015),
where only 30.1% and 6.8% of mothers practiced
exclusive breastfeeding respectively. Despite the fact that
breast feeding is known to be a highly recommended and
beneficial way to feed infants as it provides psychological
and health benefit to both the mother and the child.
Globally there has been a common decline in the practice
of breastfeeding both in terms of occurrence and interval
in the past few decades (Berra, 2013).

The study further revealed that about 40.0% of the
mothers in addition to breastfeeding included
complementary foods for their children at 4 — 6 months of
age. This contrast with the results obtained from some
studies conducted in South-West, South-South and North-
West regions of Nigeria where 76.7%, 79.9% and 80.1%

respectively introduced complementary feeding before the
expected 6 months of age (Akeredolu et al., 2014; Osie-
Efetie, Oyibo and Okperi, 2011; Matthew et al., 2009).
When breast milk is no longer adequate to meet the
nutritional needs of the infant, complementary foods
should be added to the diet of the child (Kavitha, Nadhiya
and Parimalavalli, 2014). Proper breastfeeding practices
are effective ways for reducing childhood morbidity and
mortality. While many mothers understand the
significance of breastfeeding, others are less informed on
the benefits of breastfeeding and weaning. Anoshirike et
al. (2014) stated that, malnutrition in Nigerian infants is
found to be as a result of inappropriate child feeding
practices such as late introduction of complementary
foods, small energy and nutrient density of foods offered,
feeding in little quantity at meals, food limitations due to
cultural beliefs, low birth-weight and high morbidity.

Hypothesis testing
Hypothesis 1:

From the chi-square test (Table 6), the null hypothesis of
no significant relationship between respondents’ level of
education and deeding and weaning practices is rejected.
Consequently, the alternative hypothesis of a significant
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relationship between respondents’ level of education with
feeding and weaning practice accepted (Table 5).
Hypothesis 2:

As shown in Table 2, there was no significant
relationship between respondents’ age and feeding and
weaning practices, hence the null hypothesis of
a significant relationship between respondents’ age with
feeding and weaning practices was rejected (Table 7 and
Table 8).

Adequate nutrition during infancy and early childhood is
essential to ensure the development, health, and growth of
children to their full potential. As stated by Mohammed
(2014), gradual weaning period should be introduced first
which allows the child to receive the benefits from
breastfeeding while also consuming necessary nutrients
from complementary foods. This is contracts with the
result obtained in this study where about 45% of mothers
abruptly weaned their children from breast milk.
According to Razia and Naheed (2007), complete
weaning can be introduced at about 2 — 4 years of age, and
this is the total withdrawal from breast milk. The findings
of the study showed that 39.5% of the mothers weaned
their children at about 6 — 7 months and 45% of mothers
weaned because they were of the opinion that the child is
old enough. This is similar to the results obtained by
Kikafunda, Walker and Tumwine (2003), Mohammed
(2014), Olatona, Odozi and Amu (2014) and Ogunsuyi
(2016), where 42%, 91.6%. 48.4% and 55.6% respectively
started the weaning process between ages 4 — 6 months.
Feeding and weaning are important components for the
physical and psychological well-being of a child. Feeding
a child which involves breast feeding is a complex
approach while weaning is a critical approach. According
to Kavitha, Nadhiya and Parimalavalli (2014),
displacement of breast milk and increased risks of
infections such as diarrhoea which further contributes to
weight loss and malnutrition can be as a result of untimely
introduction of complementary feeds before the age of six
months. Thus, it is important that weaning should be
gradual and not done abruptly. In addition, the findings
revealed that during weaning, homemade food, infant
formula and family food were given to the infants by the
mothers.

The present study revealed that the majority of
participants had good knowledge (70%) on feeding and
weaning of their infants, with most indicating their
knowledge came from the information provided by health
workers. Poor infant feeding and their consequences are
one of the world’s major problems and a serious obstacle
to social and economic development, therefore adequate
knowledge on the feeding and weaning practices of the
children is very essential. Nurses can assess the knowledge
of mothers attending post-natal clinic towards feeding and
weaning, certain educational programmes can be
conducted for the mothers based on the needs which will
help improve the mother’s knowledge regarding feeding
and weaning. Since health care workers serve as a strong
means of disseminating health information to the
community; they too need to be abreast of information
(Kambli, 2012).

CONCLUSION

This study assessed mother’s feeding practices, their
weaning practices and also their knowledge on the feeing
and weaning practices. The findings from the result
showed that the vast majority of the mothers have good
knowledge about feeding and weaning of their infants.

The practices of mothers on the feeding of their children
were good based on the fact that breastfeeding was the
major practice by mothers and also the knowledge of
mothers on feeding and weaning their children was good.
Specifically, the results of this study provide a baseline
data on the importance of establishing standard indigenous
nutrition education programme for mothers of young
children in Nigeria. Emphasis should be placed on
including pregnant women and women of child bearing
age as the target audience. This will facilitate the mothers
understanding of nutrition which will in turn enhance the
feeding practices and nutritional status of their children.
There is need concerning health education program aimed
at educating mothers on commencement of breastfeeding
within one hour after birth, exclusive breastfeeding till six
months of age and the value of night feed and the benefits
of giving infants colostrum.
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AUTHENTICATION OF WISTAR RAT FATS WITH GAS CHROMATOGRAPHY
MASS SPECTOMETRY COMBINED BY CHEMOMETRICS

Any Guntarti, Ibnu Gholib Gandjar, Nadia Miftahul Jannah

ABSTRACT

Indonesia is a country with the largest Muslim population in the world, which is very concerned about halal food. The most
problem that’s very concerning nowadays was that food products were contaminated by unclean meat, such as rat meat.
The purpose of this study was to authenticate rat fat using Gas Chromatography-Mass Spectrophotometry (GC-MS)
combined with chemometrics. In this study, rat fat were heated in oven at 90 °C — 100 °C for approximately one hour until
the oil came out. After that, the derivatization process was carried out to convert fat into methyl ester compounds using
NaOCH3 and BF3. Methyl ester compound than injected into the GCMS instrument system. In addition to rat fat, other fat
extraction were carried out, such as pigs, cows, chickens, wild boars, dogs, and goats. The combination of chemometrics
Principal Component Analysis (PCA) was used to classify rat fat with other animal fat. Based on the results of the study
showed that fatty acids in rats using GCMS produced 6 types of fatty acids, namely: myristat (0.15 +0.09%), palmitoleate
(0.73 £0.54%), palmitate (19.08 £3.54%), linoleate (30.14 £16.90%), oleate (40.48 £2.74%), and stearate (2.55 £0.01%).
Total content of rat fatty acids was 93.13%, with unsaturated fatty acids 71.35% and saturated fatty acids 21.78%.

Chemometrics PCA from rat fat can be grouped with other animal fats.
Keywords: chemometrics; food; GC-MS; halal; PCA; Wistar rat fat

INTRODUCTION

Food is a basic human need, therefore food availability
needs serious attention both in quality and quantity.
Indonesia is a country with a Muslim majority of
207.2 million with a presentation of 87.18% in 2010 out of
a total population of 237 million (Muslim and Purwanto,
2013). In addition to food safety factors, the halal factor of
a food product must also be of concern to the Muslim
community. At present the awareness of the Muslim
community to consume halal food increases along with the
awareness of the Muslim community following Islamic
laws (Rohman et al., 2016). Along with the increase in
people's income, the demand for meat consumption in
various regions of Indonesia has increased. The price of
basic ingredients which are quite expensive such as
chicken meat, makes many producers mix it with meat
which is relatively cheaper, one possibility is to use rat
meat (Guntarti and Prativi, 2017). Rat meat is a meat
that is quite easy to obtain, even it can be obtained free of
charge. Some media also reported the adulteration of beef
meatballs with rat meat (Lumakso et al., 2015). Examples
of several cases on the market are forgery of chicken
nuggets from pork, and nuggets from recycled materials
(Sari and Guntarti, 2018). Based on this, it is also feared
that counterfeiting of processed chicken products using rat
meat will also occur in Yogyakarta. Laboratory tests to

determine fatty acid markers in the form of methyl esters
in rats include using gas chromatography-gas
spectrophotometry combined with chemometrics. This
technique has been used in a variety of analyzes, such as
food and pharmaceutical products (Ronggo et al., 2007).

The chemometric method is one way to obtain important
information about certain objects in the data by using
statistical or mathematical techniques. The most
commonly used types of chemometrics are (1) grouping
techniques, such as Principle Component Analysis (PCA)
and (2) quantitative analysis techniques with multivariate
calibration, such as Partial Least Square (PLS).

Scientific hypothesis

The hypothesis in this study is that methyl esters from
wistar rat animal fat can be analyzed using the Gas
Chromatography Mass Spectrometry (GCMS) method.
The methyl ester data combined with chemometrics is able
to classify types of fat.

MATERIAL AND METHODOLOGY

Fat samples

Samples in the form of pork, beef, dog, goat, wild boar,
chicken were obtained from the traditional market, Wistar
white rats were obtained from other researchers' carcasses,
the fat was taken. Materials used n-hexane (technical),
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NaOCH3 0.2 N solution (E-Merck, pro-analysis quality),
BF3 solution (E-Merck, pro-analysis quality), saturated
NaCl and anhydrous Na2SO4 (E-Merck, pro-analysis
quality) (Rohman and Che Man, 2011; Kumar et al.,
2014).

Tools

GC-MS distributor from Ditek Jaya, Merck Shimadzu,
Japan, type GCMS-QP2010 SE. The column used was
Rtx-5ms, DB1-MS Restech, 30 m x 0.25 mm ID, 0.25 pm,
stationary phase of polymethyl xiloxan, injector
temperature of 230 °C, column temperature of 70 °C and
increased to 300 °C with an increase of 10 °C.min"', and
flow rate of 1.15 mL.min"!. The mobile phase of Helium
gas. MS Detector Electron Multifier Detector (EMD) 70
MeV. The mass spectrum was compared to the
WILLEY 147 & NIST47 library found in the GC-MS
software. The methyl ester was injected as much as pL
into the GC column in a manner of autosampler.

The Research Progress
Fat Extraction

Intake of fat was done by rendering at a temperature of
90 — 100 °C for approximately one hour in the oven. The
resulting fat was then added with anhydrous Na2SO4 and
then centrifuged at 3000 rpm for 20 minutes (Rohman et
al., 2012). The solution was stored in the refrigerator at -
20 °C in a rolling test tube. The solution was used for the
derivatization process.

Derivatization

Fat derivatization aims to convert fat into a form of fatty
acid methyl ester by using NaOCH3 0.2 N and BF3
solution. Derivative products containing fatty acid methyl
ester derivatives (FAME) were taken and injected into the
gas chromatograph system. A total of 1uL supernatant was
injected into gas chromatography-mass spectrometry,
replicated two times.

OH

Statistical analysis

The results of the analysis in the form of a mass spectrum
were compared with the WILLEY 147 & NIST47 libraries
contained in the GC-MS software. Data obtained from
GC-MS was fatty acids in the form of methyl esters. The
content of methyl esters of fatty acids from each animal fat
was grouped using chemometrics PCA with minitab 16.

RESULTS AND DISCUSSION

Fat Extraction

Rendering extraction to obtain rat fat. The advantages of
this method are that there are many extract yields, easy and
inexpensive processing because it does not involve
chemicals (Rohman et al., 2016). The yield of 16.36%.
The yields are influenced by the intake of food from the
rats themselves, body fat taken, and the way the fat is
extracted (Lobb and Chow, 2007). The obtained lipid
fraction was then carried out by the esterification process.
The esterification reaction aims to convert the fatty acids
into their methyl ester forms. The esterification process is
carried out using BF3 as a catalyst. BF3 is an acidic
compound (Purbasari and Silviana, 2008). Figure 1 is a
process of the esterification mechanism and the product of
methyl ester is obtained.

Fatty Acid Composition in Wistar Rat.

Analysis of methyl esters from Wistar rat derivatization
using gas chromatography-mass spectrometry (GC-MS)
method. This instrument is a combination of gas
chromatography with a mass spectrometer detector. Gas
chromatography is used for the separation of fatty acid
content in the form of methyl esters. In addition to the
retention time (tR) of the separation results in gas
chromatography, there is similarity index (SI) information
to determine the proximity of the chemical structure of the
type of fatty acids. The result of SI >90 shows the
similarity of mass ion overflow to the target spectra/fat
sample.

+R'OH
R—COOH + H -~ R <\/+
oy - ROH
OH OH
+ +
R OHR' R—C—OR + H
OH OH
SH, on ﬁ
-H,0
R n|: R =— R—C/— R—C—OR + H'
| TH0 \OR'
OH

Figure 1 The Process of Esterification Reaction Mechanisms with Methanol and using Acid Catalysts (adapted from

Purbasari dan Silviana, 2008).
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Table 1 Separation results and identification of compounds in Wistar rat fat with GC-MS.

Number tr (min) % Area SI MW Compound Name
(x £8D) (n =2)
1 17.75 0.15+0.09 95 242 (C14:0) Methyl Myristate
2 20.34 0.73 £0.54 9 268 (C16:1) Methyl
Palmitoleate

3 20.81 19.08 +3.54 96 270 (C16:0) Methyl Palmitate
(C18:2) Methyl

4 2560 30.14£16.90 86 284 oktadekadienoat/linoleate

5 25.93 40.48 £2.74 88 296 (C18:1) Methyil Oleate

6 26.51 2.55+0.01 97 298 (C18:0) Methyl Stearate

Note: SI= Similarity Index, MW= Molecular weight.
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Figure 2 Line of the type of fatty acids in Wistar rat fat.
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Figure 3 The Line of total fatty acid, saturated fatty acid, unsaturated fatty acid, and ingredients other content in

Wistar rat.

Table 1 presents retention time (tR), % peak area, SI,
molecular weight (MW) and estimated compounds and
identification of white rat fat (Guntarti and Amidin,
2018). The results of GC-MS analysis in Table I show the
results of SI values >90 except oleic acid which is 88%
and linoleic acid 86%. This shows that the target fatty acid
type is suitable or similar to the comparison spectra. The
fatty acid compound with a tR of 25.93 minutes and a SI
value of 96% was similar to the comparison compound
with the formula C17H3602 with m/z 296. The fatty acid

was in the form of its methyl ester. Whereas if in the form
of fatty acids, the compound formula is C18H3302.

Fat is an unstable component in the presence of light. The
results of the analysis with GC-MS showed that oleic acid
was the highest constituent component of fatty acids in rat
fat with a percentage of 40.48%, followed by linoleic acid
30.14%, palmitic acid 19.08%, stearic acid 2.55%,
palmitoleic acid 0.73%, and myristic acid 0.15%. The line
of the types of fatty acids in Wistar rat fat is presented in
Figure 2. unsaturated fatty acid with one double bond.
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When viewed from unsaturated bonds, white rat fat
contains many types of unsaturated fatty acids, namely
palmitoleic acid (0.73%), linoleic acid (30.14%), and oleic
acid (40.48%). Whereas saturated fatty acids are myristic
acid (0.15%), palmitic acid (19.08%), and stearic acid
(2.55%). If looked at the percentage of the content, then
more unsaturated fatty acids is equal to 71.35%. Saturated
fatty acids of 21.78% and 6.87% are ingredients other than
methyl esters. Larger amount of unsaturated fatty acid
content will affect the physical form of fat at room
temperature and the stability of fat. Figure 3 presents a line
of total fatty acid, saturated fatty acid, unsaturated fatty
acid, and ingredients other content in Wistar rat.

Comparison of fat: Wistar rat, dog, wild boar,
beef, pork, chick and goat.

Besides Wistar rat fat, other animals’ fat used were: dog,
beef, pork, chick, and goat. Fat retrieval is the same as
done in white fat retrieval, which is by rendering with an
oven at a temperature of 90 °C — 100 °C, for 30 — 60
minutes. The fat obtained is esterified to form its methyl
ester with NaOCH3 and BF3 which are then injected into
the GC-MS system. The results of analysis of dog, beef,
pork, chick, goat, and wild boar fat are presented in Table
IT and Figure 4.

Based on Table II it can be seen that the fat of white rat
and pork containing linoleic content (30.14%), and pork
fat (21.49%). The highest oleic acid is in the content of
pork (55.66%). Goat fat has the highest type of saturated
fat, palmitate (23.55%) and stearic (47.13%).

In the results of previous studies (Hermanto,
Muawanah and Harahap, 2008), that pork and chicken
fat contain margaric acid. Margaric acid content (C17: 0)
in pork is 0.5%, and in chick 1.74% (Hermanto,
Muawanah and Harahap, 2008). Guntarti (2018)
research results: beef fat has a high stearic acid (35.03%),
while oleic acid is 14.90%. The results of this study, beef
fat has a high oleic acid content (52.29%), while stearic
acid is 12.59%. Except for goat fat, all animals contain the
highest oleic acid; while goat fat, the highest is stearic
acid. Figure 4 presents the content of saturated and
unsaturated fat, and the total amount of fatty acids in
various animals. Based on Figure 4, the saturated fatty
acid content is high in goat fat (71.16%), wild boar fat
(36.27%), beef fat (35.16%), dog fat (34.33%), lard/pork
(27.78%), and the smallest is in chick fat (20.55%). The
highest unsaturated fat content is in chick fat (73.2%), rat
fat (71.35%), lard / pork fat (55.66%), dog fat (53.93%),
wild boar fat (45.24%), and the smallest is in goat fat
(19.19%). While the highest amount of total fat is in chick,
followed by white rat.

Table 2 The results of the analysis of acid content in the fat of: Wistar rat, dog, wild boar, pork, chick, beef, and goat

with GC-MS.
Percentage of (%) methyl esters
Methyl ester Dog Wild Pork Chick Beef Goat White
boar rat
Methyl myristat (C14:0) 0.33 nd 0.41 nd 0.29 0.25 0.15
Methyl pentadekanoate (C15:0) nd nd nd nd 0.36 0.23 nd
Methyl palmitoleic (C16:1) 0.34 nd 1.14 1.14 0.98 nd 0.73
Methyl palmitate (C16:0) 16.42 19.65 17.26 18.91 21.81 23.55 19.08
Methyl margarate (C17:0) 0.37 0.27 nd nd 0.11 nd nd
Methyl linoleate (C18:2) nd nd 25.75 21.40 nd nd 30.14
Methyl oleate (C18:1) 53.59 45.24 55.66 50.66 52.29 19.19 40.48
Methyl stearate (C18:0) 17.21 14.37 10.11 1.64 12.59 47.13 2.55
Note: nd= not detected.
100
80 \’\/
70 - —
60 A
50 —+— Total fatty acid
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Figure 4 Amount of total fatty acid, saturated acid, and unsaturated fatty acids in the fat of: Wistar rat, dog, wild boar,

pork, chick, beef and goat.

Volume 14

55

2020



Potravinarstvo Slovak Journal of Food Sciences

154
! O O Lard Goat O
1,01 0 Wistar Rat

2= Chick
whd
c
2
E 0,0
3
& -051 Beef @
(5]
=
s -1,0-
(%]
@

1,51 C’ Wild Boar

L ]
2,01
o
_2'5 T T T T T
-2 -1 0 1 2

First Component

Figure 5 PCA Score Plot of fat from: Wistar rat. dog. chick. pork. wild boar. goat and beef by using fatty acids as a

variable.

Table 3 The report of PCA analysis of sausage and some parameters of its Eigen analysis.

Eigenalysis of the Correlation Matrix

Eigenvalue 3.8699 2.3938 1.0508 0.4382 0.1553 0.0920 -0.0000 -0.0000
Proportion 0.484 0.299 0.131 0.055 0.019 0.011 -0.000 -0.000
Comulative 0.484 0.783 0.914 0.969 0.989 1.000 1.000 1.000
Variable PC1 PC2 PC3 PC4 PCS5 PC6 PC7 PC8
Myristate 0.004 0.180 -0.932 0.054 0.237 0.011 0.122 -0.160
Pentadecanoate 0.473 0.219 0.123 0.001 0.003 -0.225 0.802 0.141
Palmitoleate -0.373 0.346 -0.110 -0.503 -0.490 -0.532 -0.035 0.185
Palmitate 0.470 0.083 -0.145 -0.174 -0.705 0.397 -0.124 -.0224
Margarate 0.036 -0.586 -0.186 0.450 -0.400 -0.507 0.031 -0.028
Linoleate -0.304 0.432 -0.013 0.634 -0.296 0.262 0.067 0.397
Oleate -0.267 -0.513 -0.171 -0.328 -0.097 0.418 0.360 0.464
Stearate 0.502 0.003 -0.140 -0.035 0.151 -0.133 -0.437 0.705

Principal Component Analysis of wild boar and
other animal fat.

PCA data interpretation is done by reducing data, in which
the number of variables in a matrix is reduced to produce
new variables while maintaining the information held by
the data. The new variables generated are scores or main
components (Rohman and Man, 2012). PCA aims to
group variables that are correlated with each other and
replace them with new groups called main components
(principal component) (Coltro et al., 2005). PCA
simplifies data by reducing a number of variables to a
smaller number of orthogonal variables. This needs a
correlation between variables. Although PCA reduces the
number of initial variables, PCA retains variability and
initial information. PCA also helps provide pattern
visualization and correlation analysis (Miller and Miller,
2010). PCA plot scores are presented in Figure 5. The
results of replication greatly affect the location of the
quadrants obtained, further showing that there are
similarities in the physical chemical properties of the fatty
acid content. Wistar rat fat is located between chick fat and
lard. The results of replication measurements affect the
proximity position of the grouping of animal fat.

The results of PCA analysis using Minitab resulted in 8
PCs presented in Figure 6. Each PC displays eigenvalue,
proportion, and cumulative values. Eigenvalue variations
can explain the data on each PC and show how much
influence a variable on the formation of the characteristics
of a matrix (Miller and Miller, 2010). In Table 3, PCl
with eigenvalue 3.8699 is able to describe 48.4% of the
total original data variables while PC2 with eigenvalue
2.3938 is able to describe 21.90% of the total original
variables, PC3 with eigenvalue 1.0508 is able to describe
13.10%. Thus, 3 PCs described the illustration data for
discriminant analysis of 83.40%.

CONCLUSION

Mass spectroscopy gas chromatography method can be
used to authenticate Wistar strain rat with fatty acids
content.The content of that fatty acids in white Wistar
strain rat is: myristate (0.15 +0.09)%, palmitoleate
(0.73  £0.54)%, palmitate (19.08 +3.54)%, linoleic
(30.14 £16.90)%, oleate (40.48 +£2.74)%, and stearic
(2.55 £0.01)%. Chemometrics PCA white rat, dog, wild
boar, chick, pork, beef, and goat fat can be grouped.
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OPTIMIZATION OF BREWING TIME AND TEMPERATURE FOR CAFFEINE
AND TANNIN LEVELS IN DAMPIT COFFEE LEAF TEA OF ROBUSTA (COFFEA
CANEPHORA) AND LIBERICA (COFFEA LIBERICA)

Dewi Melani Hariyadi, Cynthia Amelia Tedja, Elok Zubaidah, Sudarminto Setyo Yuwono,
Kiki Fibrianto

ABSTRACT

Coffee constitutes a plant product high in economic value. Extremely abundant throughout Indonesia, different varieties
can be found in each region. Coffee leaves represent a by-product of coffee production which are disposed of without being
subjected to further processing. One advantage of coffee leaf waste is that it can be made into coffee leaf tea, to prevent
various diseases. The caffeine and tannin content can be optimized by temperature and brewing time. Research on coffee
leaf tea remains limited, with little study of Liberica coffee leaf tea. This investigation was to determine the optimal
brewing time and temperature of Robusta (Coffea canephora) and Liberica (Coffea liberica) coffee leaf tea. This research
used the Response Surface Methodology (RSM) method with Central Composite Design (CCD). Data analysis using RSM
method was conducted incorporating two factors. The first factor was the brewing temperature with a minimum value of
91 °C and a maximum value of 99 °C. The second factor was brewing time with minimum and maximum values of three
and seven minutes respectively. Identifying the optimal treatment was based on two factors, caffeine and tannin content.
Optimized processes were applied to conduct organoleptic tests on 110 untrained panelists using the Rate-All-That-Apply
(RATA) method to highlight the majority attributes experienced by the panelists. The optimal brewing temperature and
duration for robusta coffee leaf tea were 93.43 °C and 4.80 minutes which produced caffeine and tannin levels of
74.90 mg.100mL" and 293.01 pg.g™! respectively. In contrast, in the case of Liberica coffee leaf tea, the optimal brewing
conditions comprised a temperature of 91.65 °C and duration of 4.84 minutes which produced caffeine and tannin levels of
72.52 mg.100mL"! and 415.87 pg.gl. Results of sensory analysis showed that the majority produced five significant
characteristics, namely: sweet flavor, fire flavor, sweet taste, bitter taste and astringent mouthfeel.

Keywords: caffeine; tannin; Robusta; Liberica; coffee leaf tea

INTRODUCTION

Coffee represents an extremely abundant plant
commodity which can potentially be developed into an
increasing source of income for Indonesia. The economic
value of coffee is relatively high compared to that of other
plantation crops. Moreover, its role as a major source of
national income is based on its abundance and range of
varieties in each region. According to statistics produced
by the General Directorate of Plantations (2016), in
2017 plantations in Indonesia occupied an estimated area
of 1,227,787 hectares capable of producing 637,539 tons
of coffee. The coffee plantations listed in the statistics
include those in the community, state and private sectors.
Dampit in East Java, at an altitude of 300 — 460m above
sea level, is a renowned coffee producing area (Malang
Electronic Data Manager, 2014). According to the
Central Statistics Agency of Malang Regency (2018),
the total coffee production of the Dampit Subdistrict was
2,387 tons from a total cultivated area of 3,373 ha, within

which the seedling area covered 6 ha, the productive plant
area 2,965 ha and the mature plant area 372 ha. In
Indonesia, several varities of coffee have been developed,
for example, Arabica, Robusta and Liberica. The two
former types contain high levels of active compounds such
as quilonic acid, pirogalic acid and, particularly, caffeine
(Ciptaningsih, 2012).

For farmers, the only productive part of coffee plants is
their beans which can be processed into drinks or food
additives. Being considered waste, coffee plant parts such
as the leaves are pruned and disgarded. The purpose of
pruning is, among other reasons, to improve the quality of
coffee, reduce pest attacks and stimulate new growth
(Arief et al., 2011). Therefore, rather than discarding the
coffee leaves, it is necessary to make further use of them in
order to maximise coffee farmer income.

Coffee leaves are as delicious as coffee beans and in an
example of product diversification, can substitute for tea
leaves in the manufacture of tea drinks. Tea itself is a very
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common everyday drink that represents the second most
consumed beverage after water (Damayanthi et al., 2008).
Tea is made from steeping Camellia sinensis leaves which
have a distinctive flavor and aroma much appreciated by
consumers. However, tea can also be made from other
plant parts such as rosella flowers, lemongrass stems,
soursop leaves, avocado leaves and coffee leaves. This
drink is commonly called herbal tea or tisane (Somantri
and Tanti, 2011).

At present, coffee leaf tea is relatively unknown, whereas
in Sumatra, coffee leaves are used to produce a drink
commonly referred to as "Aia Kawa", believed to contain
alkaloids, caffeine, saponins, flavonoids and polyphenols
that prevent various diseases (Pristiana, Susanti and
Nurwantoro, 2017). The caffeine content in coffee leaf
drink is lower than that of coffee beans, rendering it an
alternative for producers and individuals who want an
affordable soft caffeinated drink. Moreover, tea contains
tannin compounds and polyphenol, the latter of which
functions as an antioxidant. Elements within coffee leaf tea
such as caffeine and tannin are beneficial to the body, but
must be optimized in order to maximize their positive
effects.

Optimizing the beneficial contents of coffee leaf tea drink
such as caffeine and tannin can be achieved based on the
temperature and duration of brewing. According to
Schwalfenberg, Genuis and Rodushkin (2013), both the
beneficial and harmful effects of tea depend on the manner
in which it is brewed. The longer the tea is soaked, the
more caffeine will be extracted, resulting in oxidation.
Several previous studies, such as that conducted by
Retnaningtyas et al. (2016), have been limited to the use
of Arabica and Robusta coffee leaves, while ones relating
to Liberica remain rare. Furthermore, caffeine and tannin
are yet to be extensively studied. Therefore, it is necessary
to conduct research to optimize caffeine and tannin levels
within the parameters of brewing temperature and
duration. Moreover, such research should be conducted to
determine consumer sensory responses to coffee leaf tea
characteristics. Sensory responses are required because
caffeine and tannin are compounds that contribute to the
flavor of the tea. There would be differences between
Robusta and Liberica Coffee leaves tea in terms of
caffeine and tannin contents due to different brewing
temperature and duration. Thus it may change perceived
sensory attributes as well.

This research was aimed to provide information and
recommendations to agencies with links to agricultural
product development, especially coffee farmers, in order to
promote greater use of coffee leaves in tea drinks as part of
a food diversification program.

Scientific hypothesis

Temperature and brewing time optimization have an
influence on caffeine and tannin levels as well as sensory
attributes on Robusta and Liberica coffee leaf tea Dampit.

MATERIAL AND METHODOLOGY

Materials

The raw materials used in this study consisted of Robusta
and Liberica coffee leaves obtained form the Dampit
region of East Java. The testing materials comprised

calcium carbonate, chloroform, distilled water, methanol,
folin ciocalteau, Na2COs, tannic acid and caffeic acid. The
materials employed for organoleptic testing included
mineral water and biscuits as palate cleansers. Dampit
region is located in East Java, at an altitude of 300 — 460 m
above sea level, is a renowned coffee producing area
(Malang Electronic Data Manager, 2014). The period of
the harvest is every 4 to 6 months in every year.

Method

The raw materials used in this study were fresh Dampit
old Robusta and Liberica coffee leaves. Fresh coffee
leaves from older mature leaves were washed and then cut
into small pieces. After being reduced in size, the coffee
leaves were dried in an oven for three hours at
a temperature of 90 °C. The dried coffee leaves were
subsequently blended to produce coffee leaf powder. The
characteristics of the raw materials analysed in this study
were used to determine their chemical content consisting
of fresh coffee leaves and coffee leaf powder. The
chemical parameters adopted for the analysis of raw
materials included water content, caffeine content and
tannin content.

The methodology applied in undertaking this study was
experimental in character, combining Surface Response
Method (RSM) and Rate All That Applied (RATA) data.
Application of the RSM method involved an optimization
process incorporating the Center Composite design
available in the Design Expert DX 9 application (Stat-
Ease, Inc.) (Maharjan et al., 2014; Montgomery, 2001;
Montgomery, 2016). Chemical analysis related to
optimization was conducted based on run provided by the
software. The optimization process was conducted with
three center points or repetitions to obtain 13 runs or
experimental treatments, during which the caffeine and
tannin levels were analyzed. The research factors applied
were those of temperature and duration of the brewing
process. The RSM method produced optimization data
subsequently subjected to sensory analysis using the
RATA method. A CATA evaluation of the product was
conducted to determine the sensory attributes present in
coffee leaf tea. As shown from the contents of Table 1,
panelists were requested to complete the questionnaire by
indicating the attributes they experienced when tasting the
sample.

For sensory evaluation, the sensory evaluation based on
consumer perception was conducted following RATA
(Rate All That Apply) method. This experiment was
observed according to Completely Randomized Block
Design and the data was further analysed on Minitab
17 (Minitab, LLC, Pty Ltd, Australia) with General Linear
Model (GLM) followed by Tukey Post-hoc Test.

The questionnaire results relating to the most prominent
sensory attributes were further tested using the RATA
method. The panelists were asked to complete the
questionnaire by assigning ratings to the strength or
dominance of the sensory attributes in the sample.

Data Observation and Analysis

The observations in this study were based on analysis of
caffeine, tannin, water content, total acid, pH and color.
The coffee leaf tea producing optimal levels of caffeine
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and tannin was further analyzed by observing sensory
properties using the RATA method.

Caffeine Analysis

Caffeine  analysis was completed using the
spectrophotometric method (Maramis, Citraningtyas and
Wehantouw, 2013) which involved adding the sample to
hot distilled water, agitating and filtering the resulting
liquid prior to adding it to CaCOs (calcium carbonate). The
coffee solution was placed in a separating funnel and
extracted four times, with chloroform being added on each
occasion. A bottom layer would be formed that could be
removed, with the extract (chloroform phase) subsequently
being placed in a rotary evaporator until all the chloroform
had evaporated. The solvent-free caffeine extract was
deposited in a measuring flask, diluted with distilled water
and homogenized. The caffeine level was quantified by
means of a UV-VIS spectrophotometer at a wavelength of
275 nm. The results having been obtained, a standard
curve representing standard caffeine solution as the
equation was y = ax + b and resulted correlation
coefficient value in each equation.

Tannin Analysis

Tannin analysis was performed using
a spectrophotometric method (de Godoy Pelozo,
Carvalho Cardoso and Palazzo de Mello, 2008). The
sample was extracted using methanol and the levels
measured using a folin ciocalteu reagent that formed
a complex with tannin producing a dark green blue color.
Color intensity was measured using a spectrophotometer at
a wavelength of 755 nm. The tannin concentration was
quantified by comparing the sample with a standard tanic
acid curve.

Sensory Response Analysis using the RATA
Method

Sensory response analysis of coffee leaf tea was
performed employing the RATA method. Conducting the
test involved 110 untrained panelists, aged 18 — 29, drawn
from the surrrounding areas of Universitas Brawijaya
(Malang). The specified age range was selected because
the older the panelists, the less acute their sense of taste
(Mojet, Heidema and Christ-Hazelhof, 2003). Sensory
testing was performed by completing a questionnaire
containing a combination of open and closed questions.
The open questions related to the identity of panelists,
while the closed questions were designed to elicit their
opinions of with regard to the intensity of the perceived
attributes of the sample. The resulting data was then
recapitulated, processed and analyzed using Minitab to
determine the significance of the sensory attributes of the
sample. Each rating was scored, followed by the
administering of an ANOVA test and a Fischer test.

Statistical analysis

The optimization method used is the Response Surface
Method (RSM) method. The RSM methods use a Center
Composite Design (CCD) by Design Expert 9 (DX 9)
software. Whereas the sensory test uses the Rate-All-That-
Apply (RATA) method which is analyzed by the General

Linear Model and Fisher's Post-hoc test using the Minitab
17 software.

RESULTS AND DISCUSSION

Characteristics of Raw Materials

Chemical characteristics of raw materials including the
analysis of moisture content, caffeine and tannin content
are shown in Table 2.

The contents of Table 2 indicated that the water content
contained in fresh Robusta coffee leaves was 75.89%,
while that of fresh Liberica coffee leaves was 72.93%.
According to Angga et al. (2018), the water content of old
tea leaves was approximately 70%. Moreover, research
conducted by Kristiningrum, Cahyanti and Wulandari
in 2016 into Jember Arabica and Robusta coffee leaves
indicated that old coffee leaves had a moisture content of
75.79 — 82.82%. The moisture content of Robusta coffee
leaf powder was 6.84%, while that of Liberica was 5.5%.
The criterion of good tea quality is a maximum moisture
content of 10% (CiZkova et al., 2008). The drying process
can reduce the moisture content of fresh coffee leaves by
approximately 60 — 70% (Deb and Pou, 2016).

The caffeine level in fresh coffee leaves was higher than
the level of caffeine in dried coffee leaf powder. The
caffeine content of fresh robusta leaves was 0.63%, while
that of the powder was 0.23%. The caffeine content of
fresh Liberica leaves was 0.43% and the powdered
caffeine level was 0.36%. According to the literature, the
caffeine content of coffee leaves is relatively low
compared to that of coffee beans which is 1.6 — 2.4%
(Khotimah, 2014). The amount of caffeine in coffee
leaves can vary and is influenced by the cultivation area,
growth conditions, environment, season, leaf age and
specific production system (Heckman, Weil and
Gonzales de Mejia, 2010).

The tannin content of fresh coffee leaves was higher than
the that of dried coffee leaf powder. The tannin content of
fresh robusta leaves was 19.24%, while that of the leaf
powder was 12.27%. The tannin content of fresh liberica
leaves was 18.38%, while that of leaf powder was 13.83%.
The literature on the subject states that tea leaves contain
numerous tannin compounds amounting to 13.76%. These
affect both astringence and bitter taste, but both decrease
after processing (Karori et al., 2007).

Optimization of Caffeine and Tannin Content of
Robusta Coffee Leaf Tea

Optimization of Robusta coffee leaf tea was conducted
using the variables of brewing temperature and brewing
time. This approach was in accordance with the
experimental design of Design Expert 9.0 using Response
Surface Methodology (RSM). The observed responses
consisted of the caffeine and tannin levels.

The results of the study of the relationship between
brewing temperature and duration and the levels of
caffeine and tannin are contained in Table 3.

Analysis of the 13 treatment combinations indicated that
the response value of caffeine content tended to be low,
namely; 67.85 mg.100mL"!, when produced by a brewing
process at a temperature of 8§9.34 °C and of five minutes’
duration. The response value of the caffeine level tended to
be high at 83.03 mg.100mL"' which occured in the
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brewing process at a temperature of 99 °C and duration of
seven minutes. According to the research conducted by
Putri and Ulfin (2015), caffeine content is influenced by
the extraction conditions, namely; temperature and
extraction duration. The highest caffeine level is found in
the temperature of 100 °C. In addition, a longer extraction
time can increase the caffeine level in tea. Caffeine is
a compound that dissolves readily in hot water. At
a temperature of 25 °C its solubility is 2.17 g.100mL"!,
while at 80 °C the solubility is 18 g.100mL", and at
100 °C, the solubility is 67 g.100mL'(Mumin et al.,
20006).

The tannin level with a high tendency value of
314.857 pg.g! resulted from a brewing process at
a temperature of 95 °C and of five minutes’ duration.
Meanwhile, tannin content with a value as low as
225.77 pg.g! was obtained at a brewing temperature of
89.33 °C and a brewing time of five minutes. According to
de Hoyos-Martinez et al. (2019), all forms of tannin
dissolve in water, methanol, ethanol and acetone,
demonstrating a high level of solubility that increases
when dissolved in hot water. Tannin will break down into
pyrogallol, pyrocatechol and phloroglucinol when heated
to temperatures of 2,100 F — 2,150 F (98.89 °C -
101.67 °C).

Statistical analysis has demonstrated that increased
caffeine content is affected by both the brewing
temperature and brewing time. These factors have
a significant effect on caffeine content where the higher
the linear temperature, the higher the resulting level of
caffeine.

Moreover, the higher the water temperature in the
brewing process, the greater the ability of water to extract
the chemical content of tea and the longer the brewing
time. The latter will affect the level of dissolved
ingredients, color intensity and aroma. Increasing the
brewing time will lengthen the contact time between the
hot water and tea, thereby rendering the extraction process
more effective (Saklar et al., 2015).

Optimization of Brewing Temperature and Time of
Robusta Coffee Leaf Tea and Desired Responses

Solution for optimal process based on Design Expert 9.0
application was obtained by determining the desired
variable and response criteria and can be seen in Table 4.

In Table 4, the variable criteria for brewing temperature
and brewing time chosen were within a specific range.
This was because it was expected that the brewing process
would be carried out at a temperature and duration
between the specified upper and lower limits. In the
caffeine content response variable, the selected criteria
chosen was that of minimize, because the desired caffeine
content was the lowest, thereby rendering it safe for
consumption by individuals sensitive to caffeine.

In contrast, the response of the desired tannin content was
maximum because to maximize its functional properties
such as astringent and antibacterial activity. Based on
these criteria, the Design Expert program provides an
optimization solution that can be seen in Table 5.

The data in Table 5 indicates that the solution provided
by the program had a desirability level of 0.64 or a level of
accuracy of the predicted value with an optimization value
of 0.64. The desirability value was indicated by the value

of 0 — 1, where the higher the value indicated the more
suitable the combination of process parameters obtained to
achieve the optimal combination with the desired response
variable (Melati, 2012). The recommended optimal
processing point in terms of brewing temperature was
93.43 °C and of cooking time was 4.80 minutes. The
predicted caffeine content following the brewing process
was 7490 mg.100mL"!, while that of tannin was
293.01 pg.gt.

Optimization of Liberica Coffee Leaf Tea Caffeine
and Tanin Content

Optimization of Liberica coffee leaf tea was carried out
using variables in the form of brewing temperature and
time and in accordance with the experimental design by
Design Expert 9.0 using Response Surface Methodology
(RSM). The observed responses were caffeine and tannin
content. The results of the study of the relationship
between brewing temperature and brewing time and
caffeine and tannin content can be seen in Table 6.

The optimized caffeine content response represented the
amount of caffeine contained in 100 mL of steeped
Liberica coffee leaf tea. Based on the analysis of
13 treatment combinations, the response value of caffeine
content, which tended to be low at 61.68 mg.100mL"!, was
produced by brewing for three minutes at a temperature of
91 °C. The response value of caffeine content which
tended to be high at 91.83 mg.100mL" resulted from
brewing at a temperature of 100.66 °C for five minutes.

The result showed that the highest caffeine content was
found following the longest time again range at 100 °C.

The tannin content which had a high tendency value was
464.99 ng.g' obtained during a brewing process at
temperature of 95 °C and of five minutes’ duration. Tannin
content tended to have a value as low as 280.57 ng.g’!
obtained at a brewing temperature of 99 °C and a brewing
time of three minutes.

Statistical analysis indicated that brewing temperature
and time exert a significant influence on caffeine content.

Optimization of Temperature and Time of Liberica
Coffee Leaf Tea and Desired Response

The solution for optimal processes based on Design
Expert 9.0 application is obtained by determining the
desired variable and response criteria as shown in Table 7.
In Table 7, the variable criteria for the brewing
temperature and brewing time chosen were in a range. This
was due to the expectation that the brewing process would
be carried out at a temperature and duration between the
specified upper and lower limits. In the caffeine content
response variable, the criteria chosen was ‘minimize’,
because the desired caffeine content was the lowest.
Therefore, it was safe for consumption by those sensitive
to caffeine. In contrast, the response to the desired tannin
content was ‘maximum’, due to the optimizing of its
functional properties. Based on these criteria, the Design
Expert program produced an optimization solution that is
contained in Table 8. The solution provided by the
program quantified desirability as 0.69. In other words, the
level of accuracy of the predicted optimization value was
one of 0.69.
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Table 1 Sensory Attributes.

Attributes Description
Odor Green Resembling leaves, vegetables or herbal plants
Floral Reminiscent of jasmine and rose petals
Spicy Possessing the aroma of cloves, pepper or ginger
Fruity Similar to the odor of apples, melons, berries
Marine Resembling seaweed
Gouda Nuts, for example almonds and peanuts
Sweet Sweet like honey, sugar or caramel
Fire Burning like ash or smoke
Minerals Reminiscent of minerals such as metal or chalk
Earth Resembling the odor of soil, moss or compost
Wood Reminiscent of timber such as pine or oak
Taste Sweet Sweet taste
Sour Sour taste
Bitter Bitter taste
Flavor Green Resembling leaves, vegetables or herbal plants
Floral Similar to the flavor of jasmine and rose flowers
Spicy Spices such as clove, pepper, or ginger
Fruity Fruits like apples, melons, berries
Marine Resembling sea angina or seaweed
Gouda Nuts like almonds, peanuts
Sweet Sweet like honey, sugar, or caramel
Fire Burnt flavors such as ash or smoke
Minerals Resembling minerals like metal or chalk
Earth Resembling soil, moss, or compost
Wood Resembling timber such as pine, oak
Mouthfeel Astringent Dry and slightly viscous sensation in the mouth
Oily Oily sensation in the mouth
Table 2 Raw Material Analysis Data.
Parameters Robusta Liberica
Leaf* Powder* Leaf Powder
Moisture Content (%) 75.89 6.84 72.93 5.5
Caffeine Content (%) 0.63 0.23 0.43 0.36
Tannin Content (%) 19.24 12.27 18.38 13.83
Table 3 Research Data on Robusta Coffee Leaf Tea.
Factor 1 Factor 2 Response 1 Response 2
Std A:Brewing B:Brewing Duration  Caffeine Content Tannin Content
) “Run” Temperature
°C minute mg.100mL! ng.g!
13 1 95 5 76.55 290.70
8 2 95 7.83 78.68 285.77
1 3 91 3 74.2 231.22
5 4 89.34 5 67.85 225.77
6 5 100.66 5 81.1 254.34
9 6 95 5 76.98 297.71
2 7 99 3 80.2 241.601
3 8 91 7 75.7 265.51
12 9 95 5 76.93 314.86
7 10 95 2.17 70.93 262.13
4 11 99 7 83.03 281.61
10 12 95 5 77.15 305.51
11 13 95 5 77.3 304.21
13 1 95 5 76.55 290.70
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Table 4 Criteria for Variables and Desired Responses.

Name Goal Limit Limit Importance
Brewing Temperature within range 91 99 3
Brewing Time within range 3 7 3
Caffeine Content minimize 67.85 83.03 3
Tannin content maximize 225.77 314.86 3
Table 5 Robusta Coffee Leaf Tea Optimal Temperature Point and Brewing Time.
No. Brewing Brewing Time  Caffeine Tannin Desirability
Temperature Content Content
1 93.43 4.80 74.90 293.01 0.64 Selected
Table 6 Research Data on Liberica Coffee Leaf Tea.
Factor 1 Factor 2 Response 1 Response 2
Std A:Brewing B:Brewing Duration  Caffeine Content Tannin Content
) “R” Temperature
°C minute mg.100mL! ng.g’!
13 1 95 5 80.08 446.29
8 2 95 7.83 83.5 388.36
1 3 91 3 61.68 320.57
5 4 89.34 5 71.98 376.68
6 5 100.66 5 91.83 320.57
9 6 95 5 81.08 399.01
2 7 99 3 86.55 280.57
3 8 91 7 75.18 392.52
12 9 95 5 79.95 398.23
7 10 95 2.17 76.65 290.44
4 11 99 7 80.31 345.25
10 12 95 5 79.45 455.64
11 13 95 5 80.23 464.99
13 1 95 5 80.08 446.29
Table 7 Criteria for Variables and Desired Responses.
Name Goal Limit Limit Importance
A:Brewing Temperature is in range 91 99 3
B: Brewing Time is in range 3 7 3
Caffeine Content minimize 61.68 91.83
Tannin Content maximize 280.57 464.99
Table 8 Liberica Coffee Leaf Tea Optimal Temperature Point and Brewing Time.
No. Brewing Brewing Time Caffeine Tannin Desirability
Temperature Content Content
1 91.65 4.84 72.52 415.87 0.69 Selected

Desirability value was indicated by a value between 0
and 1, where the higher the value the greater the suitability
of the combination of process parameters obtained to
achieving the optimal combination with the desired
response variable (Melati, 2012). The recommended
optimal processing point was 91.65 °C for brewing
temperature and 4.84 minutes for cooking time. The
prediction result of caffeine content obtained from the
brewing process was equal to 72.52 mg.100mL" with
a tannin content of 415.87 pg.g.

Sensory Characterization of Coffee Leaf Tea
Panelist Profiles

The panelists involved in testing the sensory
characteristics of coffee leaf tea were untrained individuals
of average intelligence who had not been formally trained,
but were capable of differentiating and communicating the
reactions resulting from orgnoleptic  assessment
(Ayustaningwarno, 2014). The 110 participating panelists
were composed of 24 males and 86 females as shown in
Table 9.
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The age range of panelists in this study was one of
18 — 29 years. Based on research conducted by Hanspal
(2010), tea is most popular among consumers within the
18 to 36 years age range. Significantly, the declining sense
of taste of panelists will compromise their ability to
differentiate between flavours from the age of 45 (Choi,
2019).

Sensory Attribute Characterization of Robusta
and Liberica Coffee Leaf Teas Using the RATA
(Rate-All-That-Apply) Method

The measuring of sensory attributes used the RATA
sensory evaluation method (Rate-All-That-Apply). This
represents a sensory evaluation method utilizing
a questionnaire instrument in which there are intensities

for each sensor attribute. The RATA method requires
panelists to select the intensity of sensory attributes of the
product. Response boxes and can be left blank if no
attributes are detected in the product (Ares et al., 2014).
The intensity used to describe the sensory attributes in the
questionnaire ranged from numbers 1 — 5. Attribute
number 1 represents ‘Very lacking’, number 2 ‘Lacking’,
number 3 ‘Moderate’, number 4 ‘High’ and number 5
‘Very high’. After completion of the questionnaire,
panelist responses to coffee leaf tea were presented in
a spider chart contained in Figure 1. The responses
represented the average intensity of the sensory attributes
from 110 panelists.

Table 9 RATA Sensory Panelist Profile Analysis of Coffee Leaf Tea.

No. Item Item Options Number of People
1. Sex a. Male (M) 24
b. Female (F) 86
2. Age a. 18 —21 (Late teen) 53
b. 22 — 29 (Early adulthood) 57
Table 10 Sensory Attributes of Coffee Leaf Tea Resulting from Different Leaf Types.
Attributes p-value
(Coffee Leaf Type)
Sweet Flavor 0.005
Fire Flavor 0.001
Sweet taste 0.000
Bitter Taste 0.000

—&— Robusta

—@®— Liberika

Aroma green

mouthfeel oily 3. 5

mouthfeel astringent

. 3
taste bitter
25
taste sour
2
taste sweet 5
flavor wood
flavor earth
flavor mineral
flavor fire
flavor sweet
flavor nutty
flavor marine _ .
ﬁavor fruity

Aroma floral
Aroma spicy

Aroma fruity

Aroma marine

Aroma nutty
Aroma sweet
Aroma fire

Aroma mineral

Aroma earth

Aroma wood

flavor green

flavor floral
flavor spicy

Figure 1 Average Response of the Intensity of Robusta and Liberica Coffee Leaf Tea Sensory Attributes.
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Panelist Responses to Coffee Leaf Tea Sensory
Attributes to Leaf Types

This study used samples of Robusta and Liberica coffee
leaves brewed in accordance with the optimal brewing
process solution obtained from the Design Expert
application. Robusta coffee leaves were brewed at
93.43 °C for 4.80 minutes. In contrast, the Liberica coffee
leaves were brewed at a temperature of 91.65 °C for
4.84 minutes. After sensory evaluation, the data was
processed using ANOVA test on Minitab 17 software. The
results of the p-value analysis of sensory attributes that
differed significantly according to the specific variety of
coffee leaves can be seen in Table 10.

Data analysis of p-value variance for the sensory
attributes of the different types of Robusta and Liberica
coffee leaves confirmed the existence of five significantly
different sensory attributes (p-value <0.05), namely: sweet
flavor, fire flavor, sweet taste, bitter taste and astringent.
The results were significantly different indicating that the
panelists experienced a difference in the intensity of the
sensory attributes of coffee leaf tea present in the different
types of coffee leaves. The analysis results were
subsequently subjected to Fisher tests of significantly
different sensory attributes.

Sweet Flavor

Sweet flavor is a flavor often associated with the
impression of sweetness in items such as fruits and
flowers. Sweet Flavor is also considered to be contained in
sugar, honey, or caramel (Lee and Chambers, 2007). The
ANOVA test result indicated that the variance in
sweetness in the different types of coffee leaves differed
significantly. It can be concluded that the sweet flavor
attribute will become stronger when approaching number 5
and weaker when approaching number 0. The different
notation in each sample shows them to be significantly
different. Sweet flavor in steeped tea leaves can be
contributed to by simple sugars contained in coffee leaves
such as glucose, sucrose, fructose, and various volatile
compounds such as linalool, dihydroactinidiolide,
coumarin, and phytol (Lee, Chambers and Chambers,
2013). Compounds that also contribute to sweet flavor,
include: nerol, phenylacetaldehyde, 5-octanolide, menalool
oxide and geraniol (Yashin et al., 2015). Liberica coffee
leaves had a sweeter flavor because it contained more
glucose, sucrose, fructose, and various volatile compounds
than Robusta leaves.

Fire Flavor

Fire flavor is associated with the aroma of soil, ash,
roasted pepper, coffee and smoke, in addition to heat in the
throat (Kim, Lee and Kim, 2016). ANOVA analysis of
fire flavor response in the various types of coffee leaves
indicated significant differences. It can be concluded that
the fire flavor attribute strengthens when approaching
number 5 and weakens when approaching 0. The different
notation in each sample shows it to be significantly
different. Fire flavor in steeped tea leaves can be
contributed to by 1-ethyl-1H-pyrrole-2-carboxaldehyde,
3-ethyl-4-methyl-1H-pyrrole-2,5-dione, 3-ethyl-3-methyl-
2,5- pyrrolidinedione, coumarone, and coumarine (Yashin
et al., 2015).

In addition, research undertaken by Angga et al. (2018)
found five aromatic compounds burning in coffee leaves,
namely: 2-furanmethanol, safranal, benzeneethanol (CAS),
guaiacol and 3,5-cocoa pyrazine.

Liberica coffee leaves had a more fire flavor because it
contained more safranal, guaiacol, coumarone and
coumarine than Robusta leaves.

Sweet taste

Sweet taste is caused by aliphatic organic compounds
containing hydroxy groups (OH), several amino acids,
aldehydes and glycerol which are commonly found in food
containing simple carbohydrates (Diez-Simon, Mumm
and Hall, 2019).

The results of ANOVA analysis of sweet taste response
to the differences in the types of coffee leaves varied
significantly. It can be concluded that the sweet taste
attribute will become stronger when approaching number 5
and weaker when approaching number 0. The contrasting
notation in each sample shows it to be significantly
different. Sweet taste is often associated with aldehydes
and ketones which contain carbonyl groups (Chang,
Waters and Liman, 2010). According to research
conducted by Angga et al. (2018), coffee leaves contain

15 aldehyde group compounds, six alcohol group
compounds and four ketone group compounds.
Furthermore, sweet taste is also  considered

a pleasant sensation produced by the presence of sugar and
several other substances. Liberica coffee leaves had
a sweeter taste because it contained more aldehyde and
ketone than Robusta leaves.

Bitter Taste

Bitter taste is caused by the presence of phenol
compounds, flavonoids, isoflavones, terpenes and
glucosinolates which exude a bitter, sharp or astringent
odor (Drewnowski and Gomez-Cameron, 2000). The
results of ANOVA analysis of bitter taste response to the
differences in the types of coffee leaves varied
significantly. It can be concluded that the bitter taste
attribute will strengthen when approaching number 5 and
weaken when approaching number 0. The contrasting
notation in each sample showed that it was significantly
different. Liberica coffee leaves had a much more bitter
taste in the ratings because it contained more flavonoid
and tannin than Robusta leaves.

Compounds that contribute to bitter taste in tea are
phenolic compounds such as flavonoids (quercetin),
flavans (catechins, epicatechin and epicatechin gallate,
epigalocatechingallate). High levels of flavonoid and
tannin in tea contribute to an increase in the bitter taste of
tea (Mahmood, Akhtar and Khan, 2010).

Astringent Mouthfeel

Mouthfeel is a physical sensation in the oral cavity
caused by food or drink but which differs from taste
(Mouritsen and Styrbaek, 2017). Astringency constitutes
dryness in the mouth and a slight sensation of stickiness
caused by the presence of astringent substances in plants
(in the form of leaves, flowers and fruit) that are not yet
ripe (Laaksonen, 2011). Rossetti et al. (2009) state that
astringent substances are able to constrict body tissue
where the lubricant is produced and disappears due to the

Volume 14

2020



Potravinarstvo Slovak Journal of Food Sciences

deposition of proteins contained in the saliva that lines and
lubricates the oral cavity. The result of ANOVA analysis
of astringent response to variations in the types of coffee
leaves was significantly different. It can be concluded that
the astringent attribute will get stronger when approaching
number 5 and weaker when approaching number 0.
Varying notation in each sample shows that the sample is
significantly different. Liberica coffee leaves had a much
more astringent mouthfeel because it contained more
caffeine, tannin and catechin than Robusta leaves.
Astringence is important in determining the sensory
quality of drinks such as tea, coffee, juice or wine. The
compounds that play the most dominant role in influencing
astringence are tannin and catechin. Moreover, astringence
is also caused by caffeine and flavonol glycosides (Zhang
et al, 2018). In addition to five significantly different
attributes, 22 sensory attributes exist that are not
significantly different from the various types of coffee
leaves.

CONCLUSION

The temperature and length of time required to optimize
caffeine and tannin levels in Robusta coffee leaf tea are
93.43 °C and 4.80 minutes respectively. The caffeine level
of Robusta coffee leaf tea with optimal steeping amounted
to 74.90 mg.100mL"' and Robusta coffee leaf tea tannin
level with optimal steeping amounted to 293.01 ug.g’. On
the other hand, the brewing temperature and time required
to optimize the levels of caffeine and tannin in Liberica
coffee leaf tea are 91.65 °C and 4.84 minutes respectively.
The caffeine level in Liberica coffee leaf tea with optimal
steeping is 72.52 mg.100mL"!, while the level of Liberica
coffee leaf tea tannin with optimal steeping is
415.87 pg.gl. Sensory responses of consumers towards
Robusta and Liberica coffee leaf tea that have been
optimized for caffeine and tannin levels indicate five
significant attributes, which are sweet flavor, fire flavor,
sweet taste, bitter taste and astringent mouthfeel.
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THE CHARACTERISTIC OF SHEEP CHEESE “BRYNDZA” FROM DIFFERENT
REGIONS OF SLOVAKIA BASED ON MICROBIOLOGICAL QUALITY

Miroslava Kacaniova, Ludmila Nagyova, Jana Stefanikova, Soia Felsociova, Lucia Godocikova,
Peter Hascik, Elena Horska, Simona Kunova

ABSTRACT

The aim of our study was to describe microorganisms which occur in the traditional Slovak cheese ,,Bryndza“. There were
a total of 60 cheese samples collected from ten different farms during May 2019. The microbiota studies included the total
bacterial count, coliforms, enterococci, lactic acid bacteria, yeasts and microscopic fungi. The total bacterial counts were
cultivated on plate count agar at 30 °C in aerobic conditions, lactic acid bacteria on MRS at 37 °C in anaerobic conditions,
coliform on VRBL and VRBG at 37 °C in aerobic condition, yeasts and microscopic fungi on MEA at 25 °C under aerobic
condition. Gram-positive, Gram-negative and yeasts isolates were identified with MALDI-TOF MS Biotyper. Totally,
a number of 1175 isolates of G, G and yeast were identified with score higher than 2 and moulds. Escherichia coli and
Stenotrophomonas maltophilia were the most frequently identified species of Gram-negative and Leuconostoc
mesenteroides ssp. mesenteroides and Lactococcus lactis ssp. lactis from Gram-positive bacteria. Yarrowia lipolitica and
Kluyveromyces lactis were the most distributed yeasts. Lactic acid bacteria group was represented by Lactobacillus,
Lactococcus, Leuconostoc and Pediococcus. The most abundant genera of lactic acid bacteria were Lactobacillus with

11 species. This study describes the indigenous microbiota of the traditional ewe's milk cheeses from Slovakia.

Keywords: isolation and identification of microorganisms; MALDI TOF MS Biotyper; Slovak ewe's cheese

INTRODUCTION

Slovak ,,Bryndza“ is a natural white, gently spreadable,
slightly moist fresh ripened cheese with curds and own
texture, made in a traditional way from well-fermented
ripened ewe's lump cheese.

A characteristic feature of the production of Slovak
»Bryndza“ is the crushing and grinding of mature ewe's or
a mixture of ewe's and cow's lump cheese and their mixing
with salt or specially prepared saline solution to achieve
the required composition, which distinguishes this
production from the production of other ewe's cheese
produced outside Slovakia. Its characteristic sensory
attributes are due to the natural microflora contained in
raw ewe's milk and ewe's lump cheese and to the
characteristic production method. The basic raw material
for the production of Slovak ,.Bryndza“ is ewe's lump
cheese or a mixture of ewe's and cow's lump cheese, or
a mixture of cured ewe's lump cheese and cow's lump
cheese aged under specific conditions (Commission
Regulation No. 676/2008).

Microorganisms represent without doubt the largest
group of living organisms in the world, with only a small
fraction of microbial species which have been identified
until now. They can be highly diverse in their
biochemistry, physiology and nutritional modes. Most of
them are reproducing swiftly and the significant plasticity

of their genome allows them to easily adapt to changing
environmental conditions, as well as perform a variety of
essential ecosystem functions, on which food production
depends on. According to FAO (2009), the main
functional groups for food processing are beneficial
microorganisms (fermentation and probiotics). Microbial
food cultures include bacterial food cultures, fungi and
yeasts. These microorganisms determine the characteristics
of the fermented food, e.g., acidity, flavour and texture, as
well as health benefits that go beyond elementar nutrition
(Vogel et al., 2011).

The aim of our study was to isolate and identificate the
microorganisms from Slovak ewe's cheese ,,Bryndza“
obtained from different Slovak regions.

Scientific hypothesis

Slovak ,,Bryndza“ is specific traditional food product
with various microorganisms, which has positive and
negative role of quality.

Hypothesis no. 1: There are a lot of different bacteria and
yeast species presented in the traditional Slovak sheep
cheese called ,,Bryndza“.

Hypothesis no. 2: There are microscopic filamentous
fungi presented in the traditional Slovak sheep cheese
»Bryndza“.
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MATERIAL AND METHODOLOGY

There were 60 samples of Slovak ewe's cheese
»Bryndza®“ from east, middle and west part of Slovakia
evaluated for microbiological quality in our study. All
samples were obtained in May 2019. These samples were
placed in sterile sample containers and transported on ice
to the laboratory for microbiological investigations.
Samples were kept in a refrigerator (4 +1 °C) until the
testing began. The primary dilution of the ewe's cheese
was made for preparing the samples for testing: a 5 mL of
sample material was added to 45 mL of 0.87 % sterile
saline. Then the serial dilutions (107 to 10™*) were done
and a 100 pL of each dilution was plated out.

Determination of total bacterial count

Plate count agar (PCA, Sigma—Aldrich®, St. Louis, USA)
for total microbial count enumeration was used. Inoculated
plates were incubated at 30 °C for 24 — 48 h and then
examined for the characteristics of bacterial colonies.

Isolation of coliform bacteria

The Violet red bile lactose agar (VRBGA, Sigma-
Aldrich®, St. Louis, USA) for enumeration of coliforms
bacteria was used. Inoculated plates were incubated at
37 °C for 24 — 48 h and then examined for the
characteristics of typical colonies.

Isolation of enterococci

Enterococcus selective agar (ESA, Sigma-Aldrich®, St.
Louis, USA) for enumeration of enterococci was used.
Inoculated plates were incubated at 37 °C for 24 — 48 h
and then examined for the characteristics of typical
colonies.

Isolation of Lactic Acid Bacteria (LAB)

MRS (Main Rogose agar, Oxoid, UK), MSE (Mayeux,
Sandine and Elliker in 1962, Oxoid, UK), and APT (All
Purpose TWEEN®™ agar, Oxoid, UK) agars were used for
enumeration of LAB including lactobacilli, leuconostocs
and lactic acid streptococci as well as other
microorganisms with high requirements for thiamine
(Sigma—Aldrich®, St. Louis, USA). Inoculated agars were
incubated at 30 °C for 72 h anaerobically and then the
bacterial growth was evaluated.

Isolation of yeasts

Malt extract agar (Sigma-Aldrich®, St. Louis, USA) and
acid base indicator bromocresol green (Sigma-Aldrich®,
St. Louis, USA) (0.020 gL") were used for yeasts
identification. Inoculated plates were incubated at 25 °C
for 5 days aerobically and then the growth was evaluated.

Sample preparation and MALDI-TOF MS
measurement

Prior to the identification, the bacterial and yeasts
colonies were subcultured on TSA agar (Tryptone Soya
Agar, Oxoid, UK) at 37 °C for 18 — 24 h. One colony of
eight bacterial isolate was selected. Subsequently, the
identification was performed using the Maldi TOF MS

Biotyper as was described by Kacaniova et al. (2019). We
identified totally 870 isolates with a score higher than
2 (Kacaniova et al., 2019).

Identification of microscopic fungi

Microscopic fungi were identified to species level
according to the manuals of Samson et al. (2002),
Samson and Frisvad (2004), Pitt and Hocking (2009).

Statistical analysis

All experiments were carried out in triplicate and the
results reported are the results of those replicate
determinations with standard deviations.

RESULTS AND DISCUSSION

Different groups of microorganisms were isolated from
the 60 ewe's cheese ,,Bryndza“ samples (Table 1). Total
bacterial count in ewe's cheese ranged from
3.87 +0.58 CFU.g' from west Slovak producers to
432 +0.17 CFU.g' from middle Slovak producers.
Generally, the coliform bacteria ranged from
3.46 +0.26 CFU.g' from east Slovak producers to
3.64 £0.19 CFU.g"' for bryndza from middle Slovak
producers. The number of lactic acid bacteria ranged from
3.14 £0.09 CFU.g' from east Slovak producers to
3.24 £0.21 CFU.g" in the bryndza cheeses from west
Slovak producers. Table 2a and Table 2b showes isolated
species of bacteria.

The eukaryotic microorganisms were represented largely
by members of the genera of Dipodascus and
Kluyveromyces, which were present at a level of
99 isolates and 60 isolates, and by other yeasts, which
were present in Candida genera (Figure 3). The moulds
were present generally at middle levels, with the most
colonies of Rhizopus spp. With 21 isolates. All samples
contained high numbers of lactic acid bacteria belonging to
genera Lactobacillus, Lactococcus and Leuconostoc. In
order to obtain a better view of the lactic acid bacteria
isolates, the Enterococcus, Lactobacillus, Lactococcus,
Leuconostoc and Pediococcus strains were identified by
mass spectrometry assays. Representatives of the species
Leuconostoc mesenteroides ssp. mesenteroides were
isolated and identified in all bryndza cheese samples
(Figure 2).

Different Lactobacillus species, such as Lb. brevis, Lb.
delbrueckii, Lb. fermentum, Lb. helveticus, Lb.
harbinensis, Lb. jonsonii, Lb. paracasei ssp. paracasei, Lb.
plantarum, Lb. paraplantarum, Lb. rhamnosus and Lb.
suebicus, were identified in the bryndza cheese samples
from all producers (Figure 2). The most isolated species
were Lb. brevis, Lb. fermentum and Lb. plantarum.

There were totally 1175 isolates identified by mass
spectrometry include G', G* and microscopic filamentous
fungi in our study. Together 199 isolates were (Figure 1)
isolated and identified from G™ and most frequently species
was Escherichia coli, 599 isolates from G' with most
isolated  species  Leuconostoc — mesenteroides  ssp.
mesenteroides (Figure 2) and 377 isolates of yeast and
molds where the most frequently isolated species was
Yarrowia lipolitica (Figure 3).
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Table 1 Groups of microorganisms in ewe's cheese ,,Bryndza“.

Microorganisms Content CFU.g
east middle west
Total bacterial count 4.05 +0.45 4.32+0.17 3.87 £0.58
Coliforms bacteria 3.64 £0.19 3.60 £0.21 3.46 £0.26
Enterococci 2.77 +£0.23 2.71 £0.17 2.67 £0.29
Lactic acid bacteria 3.24 +£0.21 3.17+0.10 3.14 +0.09
Yeats and molds 2.41+0.19 2.28 +0.14 2.18 +0.10
Table 2a Isolated family, genera and species from ewe's cheese.
Family Genera Species
Moraxellaceae Acinetobacter Acinetobacter baumannii
Moraxellaceae Acinetobacter Acinetobacter tandoii
Bacillaceae Bacillus Bacillus pumilus
Saccharomycetaceae Candida Candida catenulate
Saccharomycetaceae Candida Candida krusei
Saccharomycetaceae Candida Candida lusitaniae
Saccharomycetaceae Candida Candida rugose
Saccharomycetaceae Candida Candida utilis
Enterobacteriaceae Citrobacter Citrobacter braakii
Enterobacteriaceae Citrobacter Citrobacter koseri
Davidiellaceae Cladosporium Cladosporium spp.
Dipodascaceae Dipodascus Dipodascus candidum
Dipodascaceae Dipodascus Dipodascus silvicola
Enterobacteriaceae Enterobacter Enterobacter cloacae
Enterobacteriaceae Enterobacter Enterobacter ludwigii
Enterococcaceae Enterococcus Enterococcus faecalis
Enterococcaceae Enterococcus Enterococcus faecium
Enterococcaceae Enterococcus Enterococcus hirae
Enterobacteriaceae Escherichia Escherichia coli
Enterobacteriaceae Hafnia Hafnia alvei
Enterobacteriaceae Klebsiella Klebsiella oxytoca
Enterobacteriaceae Klebsiella Klebsiella pneumoniae ssp. ozaenae
Enterobacteriaceae Klebsiella Klebsiella pneumoniae ssp. pneumonia
Saccharomycetaceae Kluyveromyces Kluyveromyces lactis
Lactobacillaceae Lactobacillus Lactobacillus brevis
Lactobacillaceae Lactobacillus Lactobacillus delbrueckii
Lactobacillaceae Lactobacillus Lactobacillus fermentum
Lactobacillaceae Lactobacillus Lactobacillus helveticus
Lactobacillaceae Lactobacillus Lactobacillus harbinensis
Lactobacillaceae Lactobacillus Lactobacillus johnsonii
Lactobacillaceae Lactobacillus Lactobacillus paracasei ssp. paracasei
Lactobacillaceae Lactobacillus Lactobacillus plantarum
Lactobacillaceae Lactobacillus Lactobacillus paraplantarum
Lactobacillaceae Lactobacillus Lactobacillus rhamnosus
Lactobacillaceae Lactobacillus Lactobacillus suebicus
Streptococcaceae Lactococcus Lactococcus lactis ssp. lactis
Streptococcaceae Lactococcus Lactococcus lactis ssp. cremoris
Lactobacillaceae Leuconostoc Leuconostoc mesenteroides ssp. mesenteroides
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Table 2b Isolated family, genera and species from ewe's cheese.

Family Genera Species
Microbacteriaceae Microbacterium Microbacterium liquefaciens
Lactobacillaceae Pediococcus Pediococcus acidilactici
Saccharomycetaceae Pichia Pichia cactophila
Saccharomycetaceae Pichia Pichia fermentas
Enterobacteriaceae Raoultella Raoultella ornithinolytica
Mucoraceae Rhizopus Rhizopus spp.
Enterobacteriaceae Serratia Serratia liquefaciens
Staphylococcaceae Staphylococcus Staphylococcus aureus ssp. aureus
Staphylococcaceae Staphylococcus Staphylococcus pasteuri
Xanthomonadaceae Stenotrophomonas Stenotrophomonas maltophilia
Dipodascaceae Yarrowia Yarrowia lipolytica

4

:
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<

Figure 1 Gram negative bacteria isolated from ewe's cheese bryndza.
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Figure 3 Microscopic filamentous fungi isolated from ewe's cheese bryndza.
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The distinctive flavour of bryndza cheese produced in
month May is apparently composed from compounds
contained in ewes’ milk and from the products of
fermentation of the substrate by microflora. Principal
volatile aroma-active compounds of May bryndza cheese
have been characterized by Sadecka et al. (2014).

Due to composition and activity of microflora is
estimated to have a great impact on the flavour of bryndza
cheese, several culture-based as well as culture-
independent microbiological studies were carried out in
this regard. Data from older culture based studies, which
identified  Lactobacillus  spp., Lactococcus  spp.,
Streptococcus spp., Enterococcus spp., Kluyveromyces
marxianus and Galactomyces geotrichum as main
components of the microflora of bryndza cheese (Palo and
Kalab, 1984; Gorner and Valik, 2004; Gorner, 1980)
were updated by a study of Berta et al. (2009), in which
a range of Lactobacillus spp. isolates were identified by
16S rDNA sequencing. Enterococci (Jurkovi€¢ et al.,
20006), staphylococci (Mikulasova et al., 2014) and fungal
species (Laurencik et al.,, 2008) were cultured and
identified in bryndza cheese. Culture-independent studies
(Chebenova-Turcovska et al.,, 2011; Pangallo et al.,
2014) provided information on the diversity of bacteria
and fungi and its dynamics during the production of
bryndza cheese. In the production of bryndza cheese, also
interactions  between lactic acid bacteria and
Galactomyces/Geotrichum group (Hudecova et al., 2011)
and competition between lactic acid bacteria and
coagulase-positive staphylococci (Medved’ova and Valik,
2012) were studied.

Although basic information on May bryndza cheese is
available regarding microbiological composition as well as
aroma-active compounds, most of the previous
experiments were done on a limited geographical basis,
sometimes with products of just one factory. In order to
obtain a more reliable and representative view, this study
aimed to gain data for the products from the entire territory
of Slovakia that is relevant to bryndza production, i.e.
specified mountainous regions of Slovakia (Commission
Regulation (EC) No. 676/2008). In Slovakia, the presence
of Carpathian Mountains creates different climatic
conditions that can have influence various characteristics
of the produced bryndza cheese. These can relate, in
particular, to the ewe's diet in terms of different plant
species composition in the pasture and, therefore, to the
quality of milk used for the production of bryndza
(Ostrovsky et al., 2009) and to different temperatures at
which the lump cheese is produced, which can affect the
microbial consortia in the beginning of the ripening
process (Gorner and Valik, 2004).

CONCLUSION

The aim of our study was to evaluate the microbiological
quality of Slovak ewe's cheese bryndza from producers of
east, middle and west Slovakia. The number of isolated
group of microorganisms was accurate for the traditional
cheese produced in Slovakia. Totally 1175 isolates of
bacteria with score more than 2 were identified with
MALDI TOF MS Biotyper.
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INFLUENCE OF REDUCTION ON ADHESIVE PROPERTIES

Igor Stadnyk, Volodymyr Piddubnyi, Svitlana Krsnozhon, Nataliia Antoshkova

ABSTRACT

An analytical analysis of the action of rolls on the medium and its behaviour at adhesion bonds with its surface are carried
out. The methods and means of carrying out researches on determination of surface roughness are offered, and the
experimental setting for determining the adhesion strength is developed. To reveal the essence and understanding of the
general research execution, a number of hypotheses for the determination of adhesion are given and a generalized approach
to the definition of adhesion is given. The physical nature of the influence of the roughness of the roller surface on the
injection of the dies depends on the shape and angle of roughness, the application of mechanical forces, the degree of its
previous dispersion (recipe) and its physical and mechanical properties. The nature of the contact interaction of the dough
with the rough surface of the roller working organ in the injection nozzle of the fumigation machine is established.
Violation of these mutual relations leads to the production of poor-quality products and a reduction in the efficiency of the
machine. The contact area of the adhesive and the component forming work for overcoming the adhesion and deformation
of the environment in determining the criteria influencing the process according to each particular period of the
deformation stage are substantiated. The obtained data give an answer to a number of questions about the possibility of
interaction of the surface of the working bodies from the environment. On the basis of their data, the actual change in the
contact adhesion in the roller unit of the molding machine with a comparative analysis of existing ones with the newly
designed design is considered. It is established that in order to provide a constant area of actual contact, which contributes
to better adhesion, and, accordingly, the passage of a qualitative process of tightening, compression and pouring, the
necessary condition is the consistency of the specified criteria. This means that the actual contact area S¢ ., varies from Sy
to S, depending on the ratio of parameters.

Keywords: dough; adhesion; adhesive; substrate; forming channel; deformation; stress

INTRODUCTION

In food technologies, in the preparation of raw materials,
the receipt of semi-finished products, finished products,
their storage is important interaction product with various
moving and stationary surfaces. Such interaction, as a rule,
leads to the adhesion of the product to the surface of the
working bodies, working chambers of technological
equipment, as well as structural and technological
materials etc. In technology, the phenomenon of sticking is
called adhesion (Zimon and Yevtushenko,
1985).Adhesion of the food masses is often undesirable.
Oftentimes one has to face the phenomenon when the
dough is sticking to the surface, and when it is removed,
the part remains on the surface of the latter. This results in
loss and deterioration of the semi-finished product and its
appearance. Consequently, it negatively affects the
efficiency of the use of equipment. The quality of the
product, leads to increased costs of raw materials and
energy resources, complicates the sanitary conditions of
enterprises. In the previous part of our research, an
example of the effect of adhesion is given. Effect of
adhesion in the formation of bagels, drying on a molding

machine, where the surface of roller working bodies is
rough, has grooves, grooves. This is evidenced by the
sticking of the dough to the surface of the roller working
bodies of the molding device (Stadnyk et al., 2018).With
the wide introduction into food production of modern
automated, integrated mechanized lines, when the
processing speed of the non-Newtonian food masses has
significantly increased and new building materials are
widely introduced, there is always a need to study the
strength of adhesion, modelling processes. Modelling of
technological processes is directed to the separation zone,
considering both the type and condition of the surface, and
the structural and mechanical properties of the non-
Newtonian food masses. Processes associated with the
adhesion of structured food masses, such as dough, baking
and flour confectionery products, are still poorly studied
and especially difficult to model. This phenomenon was
investigated by many inventors who revealed the essence
and possible ways of decreasing adhesion, its
determination with the help of theoretical and
experimental studies and was substantiated by
mathematical modelling. Therefore, in our opinion, to
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reduce the negative impact of adhesion on technological
processes can be by means of a comprehensive study of
this phenomenon, i.e., based on the application of modern
methods of simulation, analysis of processes in the contact
area, the product -product.

ANALYSIS OF LATEST RESEARCHES

The adhesion of the elastic-plastic food masses is realized
at the boundary between the two solids. Elastic-plastic
bodies have abnormal viscosity, which varies depending
on the shear stress, mass properties and other factors. The
reason for the variability of viscosity is the peculiarities of
the structure of elastic-plastic bodies. Adhesion as a
superficial phenomenon arises at the boundary of the
distribution of two phases of heterogeneous condensed
bodies: the food masses — one phase, the contact surface -
the second phase (Moriarty et al, 2011). Superficial
properties of the food masses, in particular, adhesion,
depend on the bulk properties of the masses themselves.
The latter determine the contact area of two bodies, which
affects the amount of adhesion and its consequence, which
characterizes the condition of the surface after removing
the adherent mass. The separation of material from a solid
contact surface may have adhesion (the boundary separates
through the surface of the contact surface), cohesive (the
fringe is contained in the product layer) and mixed
(Hoevar et al., 2014). Adhesion is due to various forces
and connections by nature, they can be divided into two
groups. The first group of forces is manifested in the
convergence of two bodies and in the absence of contact
between them, when there is a gap of a certain magnitude.
The same forces act after the violation of the contact of
dissimilar bodies and cannot exist in the absence of
contact.As a result of the works under consideration
(Stadnyk et al., 2019) it was established that the structural
parameters of the rolls are directed to ensure the flow of
the dough during its alignment and redistribution in the
volume of its mass due to the smooth drag, transport and
injection in the gap between them. Although the process of
injection of medium (dough) with rollers at first glance
seems simple, but the construction of its mathematical
model and the search for the basic calculations of
dependencies is quite complicated. Now there are a
number of solutions for this problem, which are based on
simplification of the actual process and do not consider the
influence of the elastic-viscous and plastic structure of the
dough and the action on it of the pressure fluctuations. Due
to the fact that the pressure of the dough on the roller
working bodies is transmitted on a normal basis, on the
basis of the applied working pressure and the diagrams of
its change over the length of the working chamber, one can
determine the forces acting on them in the zones of power
and pumping. (Stadnyk et al., 2018), grain
storage.Surface adhesion is considered to be a complex
physical and chemical process that depends on surface
properties such as topography, roughness, hydrophobicity,
chemical composition and surface energy; the initial
amount of the medium, its size, temperature and pH of the
environment, ctc. (Hoevar et al., 2014; Whitehead and
Verran, 2007; Merritt and Yuehuei, 2000). However,
among many of the factors that influence the process of
adhesion, researchers (Whitehead and Verran, 2007;
Merritt and Yuehuei, 2000) believe that surface

properties play a major role. As a result, three theories of
microbial adhesion to the surface have been proposed:
thermodynamic, DLVO (Deryaguin-Landau-Verwey-
Overbeek) theory and the theory of extended XDLVO
(Hoevar et al., 2014; Whitehead and Verran, 2007).The
thermodynamic theory is based on the fact that when the
particles are attached to the surface there is a change in the
total free energy of Gibbs (the energy, which is determined
in the closed system). This energy is calculated by the
equation of Lifshitz-van der Waals and the acidic
interactions of Lewis (Hoevar et al., 2014).

Gapy = DGy + AGyp

Where:

AGupy — change in the total free energy of Gibbs involved
in adhesion; AGLy — the change in the total free energy of
Gibbs and the forces of Lifshitz-van der Waals; AGpp —
change of free energy of acidic main forces of Lewis.

The thermodynamic theory assumes that adhesion is
always a reverse and distance-independent process. This
theory does not determine the influence of surface charge
and the concentration of electrolytes in the environment. It
is believed that this theory is most accurate when working
with uncharged surfaces or in the presence of a large
number of electrolytes in the medium (Hoevar et al.,
2014). The theory of DLVO is based on the
thermodynamic theory, and also suggests that adhesion is
the sum of interphase energies. This theory believes that
colloidal particles of a disperse system can easily unite
with each other until contact of their liquid diffuse shells
occurs.

yPLVO — LW 4 [JEL

Where:

UPYYO — full energy interactions; U™ — the energy of the
forces of Lifshitz-van der Waals; U™ — electrostatic
energy interactions.

The theory assumes that adhesion can be reciprocal and
depends on distance. It is most accurate when electrostatic
forces prevail, but it is limited in the case of ignoring the
effect of polar interactions (Hoevar et al., 2014). In order
to more accurately model microbial adhesion, the theory of
XDLVO, based on the thermodynamic and DLVO theory,
was proposed. According to this model, it is assumed that
the adhesion is the sum of the forces of Lifshitz-van der
Waals, the electrostatic and free energy of the acid-base
forces of Lewis.

Gapy = DGy + AGyp

Where:
UPYO — full energy interactions; U™ — the energy of the
forces of Lifshitz-van der Waals;U"" — electrostatic energy
interactions; U” — the energy of the acidic main forces of
Lewis.

As in the case with the DLVO theory, the XDLVO model
believes that adhesion can be reciprocal and depends on
distance.However, researchers (Hoevar et al.,, 2014;
Whitehead and Verran, 2007) believe that all three
theoretical models, which aim to reveal the essence of
adhesion to the surface, are designed for an ideal colloidal
system.
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Scientific hypothesis

In production conditions, adhesion is a much more
complicated process and its attachment to the surface may
occur in different ways. Therefore, in our view, the process
of adhesion to the surface in practice often differs from the
above described theories. This is due to the fact that the
surfaces of solid materials are exposed to various
contacting media, adsorb organic and inorganic
substances, thus forming a conditioning layer, to which the
attachment of the contact medium comes. In the future,
under the action of the driving forces, the formed air
conditioning layer changes the physical and chemical
properties of the surface, and this affects the process of
adhesion.

On the basis of the above, we consider that the adhesion
of the medium to solid surfaces is a two-phase process,
which consists of the initial inverse (physical) and the next
irreversible (molecular or cellular) phase. Adhesion to the
solid surface can also be passive or active, which depends
on the driving forces and transport of cell media on the
basis of gravity, diffusion, or hydrodynamic forces. In
addition, the process of adhesion is influenced by the
physical and chemical properties of the medium, phase
composition and surface roughness.

Therefore, when studying adhesion, we pay attention to
the surface roughness and the parameters of the
topography. Thus, proceeding from this, the process of
adhesion is closely related to the amplitude surface
parameter (roughness) and its spatial changes, which are
characterized by morphological features of the surface
(topography). Therefore, the theory of attachment of the
medium to the surface should consider mainly the physical
and chemical aspects of the surface of materials, and to a
lesser extent, pay attention to the morphological and
physiological features of the medium.

MATERIAL AND METHODOLOGY
A dough with a moisture content of 33%, for high quality

wheat flakes on pressed yeast, was prepared in an opaque
manner with a fermentation time of 60 minutes at a
temperature of 32 — 33 °C. The quality of the pressed yeast
corresponds to the DSTU. Characteristics of wheat flour:

e mass fraction of moisture,% — 14.5;

e the content of raw gluten,% — 28;

e resistance gluten compression on the device

IDK-1, per.pril. — 54;
e gluten stretch, cm — 14.

The study of the dough injection process was carried out
on the molding machine B-54 of the confectionery factory
(Ternopil). It is known from work (Zimon and
Yevtushenko, 1985) that the adhesion is determined by
separating the medium from the surface, measuring the
separation effort. In this effort, the adhesion resistance of
the medium is calculated. Therefore, the adhesiveness of
the Fvd (equal to the ratio of the fracture effort of the Fvd
model to the area of the nominal contact Shk) depends on
the size of the surface and adhesion, the conditions of
contact and the separation of the dough. Adhesion was
seen as a process that occurs in time when the surfaces of
two heterogeneous bodies come into contact or are
violated. For the quantity that quantitatively evaluates the

adhesion, the work of the separation (strength) and the
unstable process of filling the medium (dough) of the
groove surface of the roll at the pressure of the previous
loading Pk were used.

The problem that complicates the determination of
adhesion strength is the establishment of the actual contact
area. After all, the size of the area of actual contact is
influenced by many factors: normal pressure, the nature of
the contacting bodies, as well as external factors -
temperature, tenseness, duration of the previous load,
speed of growth separation effort. These factors have
a different effect on the change in the actual contact area.

An analysis of existing methods of studying the adhesion
properties of food products showed that all the methods
considered have their advantages and disadvantages. In
this regard, an experimental device was developed for the
study of adhesion properties of the dough consisting of
vessel 1 (Figure 1), plate 2, rod 3, cargoes 4, measuring
vessel 5, capacity 6, flexible hose 7, valve 8, a cable 9,
apulley 10, a tripod 11, a guide 12, and a valve 13.

This installation worked as follows. A bowl of uniform
dough was placed in the vessel 1, on top of which a wide
plate 2 with a rigidly fixed rod 3 was installed. The
previous loading was carried out by measuring loads
4 which were mounted on the plate 2. In a measuring
vessel 5, a liquid from the container 6 was fed by means of
a flexible hose 7 and thus created the separation effort that
was transmitted to the plate 2 by means of a rope 9, which
is one end attached to the rod 3, and the other to
a measuring vessel 5. In the vessel 6, a constant level of
liquid was maintained. The valve 8 made it possible to
adjust the flow rate of the liquid to the measuring vessel
5 and thus adjust the rate of application of the force to the
plate 2.

L —

— —

Figure 1 Scheme of the installation for the study of
adhesion propertiesprotein  dispersed phase:1 —
a vessel; 2 — plate; 3 — stock; 4 — cargoes;
5 — measuring vessel; 6 — capacity; 7 — flexible hose;
8 — wvalve: 9 — cable: 10 — pulleys;11 — tripod;
12 — guiding; 13 — valve.

The change in the direction of the force by 180 © was
carried out with the help of pulleys 10 which are attached
with the possibility of rotation around their axis on the
tripod 11. As a previous load so and the separation effort
acted at right angles to the plate 2.
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This was provided by means of a guide 12 rigidly
attached to the tripod 11. After the complete separation of
the plate, the 2-meter vessel 5 moved down and the valve
13 blocked the feeds in the liquid from the vessel 6. The
separation effort was determined through the volume of
the liquid that was in the measuring vessel 5 after the plate
was detached.

The developed experimental setup allowed to regulate
parameters that influence the adhesion interactions: the
pressure of the previous loading (0 — 10 kPa), the
separation effort (0 — 100 N), the rate of growth of the
separation effort (0.2 —2 N.s™") and contact area

The quarrying of the experimental set-up was to
determine the force to be applied to rod 3 to ensure that the
plate 2 is detached from the bottom of the vessel
1 provided there is no layer of the protein disperse phase in
vessel 1.

The dough was applied uniformly to the bottom of a rigid
vessel with cylindrical walls in such a way that the height
of the layer was 1.2 x 10~ m. The area of the bottom of the
vessel corresponded to the area of the plate and amounted
to 7.8 x 107 m”.

Adhesion strength was determined by substituting data
obtained during the experiment into the following formula:

F_FO
P=—g

Where:
F, — separation effort in the absence of the test material in
the vessel, H.

Methods of study of roughness of a surface

Experimental researches were carried out using modern
technical and standard methods (determination of surface
roughness of steel), microscopic (light and electron
microscopy of the process of formation and degradation of
dough residues), spectrophotometric (optical density
(density), mathematical and theoretical modelling,
statistical). Used plates of stainless corrosion-resistant
nickel-chrome austenitic steel in the size of 30 x 30 mm
and 5 mm thick, with roughness of the surface
R, = 2.687 +£0.014 microns, R, = 0.95 +0.092 microns,
shown in Figure. 2. Their roughness corresponded to the
surface of the roll.

The roughness of the surfaces of the stainless-steel plates
was determined using a profiler of the mark 296. The
profile of the profile (Figure 3) includes: a rack 3 for
installing parts with a diamond measuring needle, a drive 1
for moving the sensor along the measured surface and an
electronic unit 2 for control and calculation roughness of
the surfaces. The measured part is mounted on the plate of
the rack 3. If the part has a cylindrical shape, the prism 5 is
installed on the stove plate and the measured part is
mounted on the prism 5. The part is set so that the
measured surface is perpendicular to the measuring plane.
The nut 6 is designed to move the sensor 4 with actuator 1
along the guide rack 3 and install the diamond needle of
the sensor 4 on the measured surface of the part.

R —

R, = (2.68+0.014) microns, R, = (0.95+0.092) microns,
R,= (0.63%0.087) microns

Figure 2 The appearance of the stainless plates with
different roughness: a- native appearance of the plates;
B-appearance of plates using microinterferometer MII-
4U4.2 (increase 1500 times).

Figure 3 Ploofilometer mark 296.
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Electronic block 2 is executed in a desktop version. On
the block front panel there are: a digital scoreboard for the
measured Ra value; indicator of the working area; power
button.

Statistical analysis

Considering the chaotic interaction of the dough during
its displacement, where the change of interaction occurs
between the broad-walled surface in the surface of the roll,
the task planning experiment with the use of a full factor
experiment of the second order is compiled. With two
factors, the model of the experiment's function has the
form:

y = f(X1X3)

According to the results of the experiment, we obtain
a regression equation of the second order.

Y = bo + b1x1 + bzXZ + bllxlz + b22x22 + b12x1x2

For experiments a plan with corresponding matrices of
experiment planning with the number of experiments and
boundaries of factor changes has been drawn up. The
matrix is a list of options taken in this series of
experiments. Independent variables were selected from the
analysis of the nature of the effect on the change in the
contact angle of the dough with the roll (forums number
5). As a parameter of optimization, the side a and the
contact area of the broadened surface S are used
respectively.

X, — side length a, mm;

X, — the contact area of the broad surface S, mm>.
Experiments were carried out on the basis of mathematical
planning. Determining which factors influence the change
in the angle of contact, we determine their level variations
and the step of variation. The main factors and their
variation equation are given in Table 1.

Output parameters were:

V¥, — change in the angle of interaction of the dough in
height of its movement in the gap between the burrs. The
displacement height of the test mass was recorded by the
visual control method on a scale applied to the working
roller;

¥, — change the angle of interaction of the dough on its
contact area on the roll surface. The weight of the test was
fixed by the method of visual inspection according to the
photographs.

Using the obtained data of the regression coefficients, we
make a regression equation for ¥, and ¥,

y, = —54.39 — 3a + 12.07S + +0.59a2 + 0.21aS
—0.3352

y, = —17.43 + 0.8a + 3.13S + 0.11a? — 0.09aS
—9.952

The analysis of the impact of the surface roughness of the
roll confirms our opinion about the activity of adhesion at
the injection stage and its dependence on the driving
forces. From the graphical dependencies of Figure 5 — 8 it
is quite clear about the influence of the parameters a and S

on the process flow. Therefore, the change in the angle of
interaction of the dough in its height of movement
(Figure 5) depends significantly on X, — contact area and
quite significantly depending on X; — the length of side a
(the basis of latitude).

N

— |
! ] o
3

Figure 4 General view of the profile mod. 296:
drive — 1; block electronic — 2; rack — 3; sensor — 4;
prism — 5; nut — 6.

Table 1 The main factors and their variation
equation.

Variable Variable
factors factors
Characteristics of the the area of
plan side length a contact of the

X,, mm broader

’ surface S

Xz,mm2
Basic level, X;” 4.5 12
The step of variation 1.5 3
Lower level X;7(-1) 3 9
Upper level, X, (+1) 6 16

Table 2 The experiment plan and its results.

X, (a, mm) X, (S, mm®) v, v,
3 9 30 5.6
45 9 35 7
6 9 40 9
3 12 45 9.8
4.5 12 50 10
6 12 64 10.8
3 16 60 11
4.5 16 68 11.6
6 16 75 12.4

Figure5 Two-dimensional section of the surface of
the response as a function.
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The optimum values are within the range of 50 — 600 at the
values a = 4.5 — 5.5 mm, S = 11 — 13.5 mm”. To change
the angle of interaction of the dough along its contact
plane V, — the optimal values are at the corner 6 — 9° at
valuessa=5-6mm, S=105-12.5 mm’.

Thus, the surface of the roll really creates conditions for
the movement of the mass of the dough both on its surface
and in the layers placed in the working chamber.

R

5 20

5.0 5 80 85

=f(a, S).

Figure6 Surface response Y,
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Figure 7 Two-dimensional section of the surface of
the response as a function ¥, = f (a, S).

L]
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Figure 8 Surface response ¥V, =f (a, S).

RESULTS AND DISCUSSION
The formed adhesion on the surface of the roll consists of
an inhomogeneous structure, resulting in a gas

concentration gradient, in particular, reducing the amount
of oxygen from the periphery to the depth of the
environment, pH gradients and temperature. Such
gradients of functioning provide contact between the two
bodies, resulting in phenotypic resistance to abrupt change
in environmental factors. Data from the scientific literature
(Hoevar et al., 2014 Stadnyk et al., 2016; Gorbatov,
1979) indicate that when studying adhesion, it is necessary
to approach complexly and consider, along with
roughness, the topography of the surface, as these
quantities are interdependent. Consequently, the adhesion
process is closely related to the amplitude parameters of
the surface (roughness) and its spatial changes, which are
characterized by morphological features of the surface
(topography).

Studies on the effect of terrain and surface roughness on
adhesion are not straightforward. Thus, according to
(Stadnyk et al., 2018; Nikolaev, 1976; Jullien et al.,
2003), there is a correlation between surface roughness
and adhesion, with the attachment of the medium to the
surface increasing with increasing roughness. However,
other studies indicate (Kolari, 2003; Kukhtyn et al.,
2017;Langsrud et al., 2016) that there is practically no
correlation bond between the roughness of the surface of
the stainless steel and the roughness range of 0.01 to
3.3 um. It has also been found that adhesion on surfaces
with high roughness reduces the efficiency of heat transfer
in heat exchangers by about 15% (Kukhtyn et al., 2017).

Therefore, the conflicting data obtained by scientists
regarding the effect of the surface roughness of stainless
steel on the adhesion process are obviously related to the
experiments under different conditions using different
media, materials and methods of study. However,
scientists have concluded that such elements of the surface
topography as scratches, cracks, holes, protrusions, cracks
play an important role in the adhesion process (Kolari,
2003; Monds and O'Toole, 2009; Moons and Michiels,
2009; Zogaj et al., 2003).

The results of the analytical review and the conducted
research and statistical modelling made it possible to
approach the development of methods for determining the
surface and adhesion strength by mathematical modelling.
Based on the above and the data processing, two
mathematical modelling approaches are proposed that can
be used to determine the adhesion strength and strength.

Method of determining the wide surface of the roll

The results of the computational experiments allowed to
investigate the effect of changing the angle of roughness of
the roll surface on the interaction with the dough. From the
studies it is clearly seen that the angle of roughness of the
surface when interacting with the dough affects the
adhesion properties. This approach allows us to determine
rational design parameters that will contribute to the
intensification of the dough injection process. Based on
previous studies (Stadnyk et al., 2019), when studying
adhesion, it is necessary to approach the complex and
consider, along with the roughness, the topography of the
surface, since these values are interdependent. The surface
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roughness refers to the two-dimensional surface of the
material and is usually described as arithmetic mean
roughness (Ra) and average square roughness (Rq). At the
same time, the topography has three dimensional
parameters and describes the elements of the shape of the
surface. Under the strength of adhesion, adhesion must be
understood as a function of factors such as separation
speed, duration and pressure of the previous contact, flat
contact, etc. It is necessary to distinguish between the
strength of adhesion, which is measured in H (Newton),
and the strength of adhesion — N.m™.

Interaction on the boundary of two phases, that is, the
dough and the surface of the rolls, occurs from the first
seconds of the molding machine. Therefore, the
phenomenon of wetting the roller surface is related to the
ratio of surface tensions (o) of the adhesive and substrate.
To achieve wetting on the surface of a well-adhesive
roller, it must be ensured that the surface tension of the
substrate is greater than the surface tension of the
adhesive. This will accelerate the process as a whole with
a corresponding reduction in energy costs.

The studies carried out by the authors found that the
strength of the adhesion of the dough at speeds of its
separation from the roller working body of the molding
machine was not determined more than 1 m.s”. This is
due, first of all, to the lack of simulation of the existing
processes of formation, transport of the dough, which is
mainly due to relatively small speeds of movement of the
working bodies of the molding machine.

Power interaction of the medium with a roll occurs on its
surfaces after the discrete injection of the mass of the test.
Since the method of formation and the shape of the
interaction profiles of the dough with the surface of the roll
has a significant impact on the quality characteristics and
the injection process, a number of comparative studies
have been carried out to determine the rational roughness
section of the roll.

To increase the force of adhesion between the viscous
medium and the leading roller working body is possible by
increasing the angle of coverage in accordance with the
well-known law of Euler:

Snab = Snageaf
Where:
Snab and s, — respectively, tightening at the points of the
runoff of the medium and its coincidence with a rough
surface; a — the angle of coverage of the medium;
f — coefficient of friction in a pair of materials.

The change in the angle of coverage of the medium is
achieved due to the geometric orientation of the tightening
and its injection. The problem of geometric synthesis of
the system with an increase in the angle of coverage of the
medium is solved on the basis of geometric bonds.
Consider cases of power interaction, in which the line of
vertices of roughness of a roll:- parallel to the vector of
injection velocity wv,and the circular power Rgg
(angle 0 =10 °);

- not parallel to the velocity vector injection vr and circular
power Rgp (angle a >0°).

The angle o depends on the lifting of roughness
(Figure 6). Roll movement in the middle during its
injection can be divided into 3 components:

- rectilinear horizontal in the direction from the axis of
the roll to the inner surface of its body, due to centrifugal
force Pvb;

- rotational horizontal in the direction of rotation of the
roll due to the force of the knee Pgg;

- straight vertical from the force of gravity on the
dough layer of the dough that is above it Pr¢

Due to these movements, the friction forces (adhesion)
appear on the upper and lower front roughness of the roller
surface. The three components of the dice movement
described above correspond to the coordinate axes of the
XYZ Cartesian coordinate system (Figure 9). That is, the
direction of the axis OX (vertical axis) coincides with the
direction of gravity, Prs, OY (horizontal axis) with the
direction of action of the centrifugal force Py, OZ
(orthogonal) with directional velocity vgg, circular force
Pypand the forces of compression of the dough Pcr. With
a steady state of work, we assume that the velocity of the
circle vgg will be equal to the pumping speed wvp
(vks = vy).

In the case of a = 0 °, the vertical coordinate plane XOY
will be perpendicular to a plane passing through lines of
roughness to its front surface. If a >0 °, then the angle
between the above-mentioned planes will be 90 °+a.

Figure 9 Coordinate system, which considered power
interaction: Ryp— centrifugal force; Rg— gravity force;
Rgg — the force acting on the dough; Perp is a
compressive force; vgp— circular speed.

a) b)
Figure 10 Cross-sections of roughness of different
profiles with an area of 1.2 mm® each: a) triangular,
equilateral; b) triangular, equidistant.

For comparison, two triangles were chosen (an
equilateral triangle, an equilateral triangle with an angle at
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the vertex of 75, cross-sections of roughness with an area
of 1.2 mm? each (Figure 10).
For an equilateral triangle S, the length of a side is
determined by the formula:
V3

= [s2
@ 4

For an isosceles triangle, the area (S) will be determined
by the formula:
1 .
S=-ap bsina
“)
Where:
a — side of the triangle; b — the basis of the triangie; o—1is
the angle between the side and the base (for an isosceles
triangle with an angle at the apex 75 © a = 52.5 °).

We will define the projection theorem b:

b = 2a,cosa

)

Substituting equation (5) into formula (4) and expressing

a, we obtain it:
S
cosa sina
Where:

S =1.2 mm*> — ap = 0.498 mm, b = 0.606 mm.

a, =

Method of determining adhesion strength

At the moving surface of the rotary rollers, a general
work is performed which consists of elastic forces and
changes in the contact of the rolling dough:A,= A+ Ay

Work of elastic forces:
Apr = Spre(ly — 1)

Specific work 1 kg of dough (in J) can be calculated by

the formula:

A,
"~ mg, 103

Where: m_, — average weight of dough between surfaces

Apr

of rotating rolls, kg:

_V
Mgy = —

v
Where: U — specific volume; y/— camera volume.

The work that is spent on changing the contact of a
moving layer of the medium with the surface of the
working chamber and rollers to overcome the adhesion and
deformation of the medium A4, will be:

AV = Aad +Ad = Fde = Faddh + Addh

Where:

F.q, Ag— the efforts of adhesion and deformation;

h — the thickness of the medium on the surface of the roll
when the separation of its layer on the subsequent process
-formation;

F.iq — the effort of separating a piece of medium from the
surface of the roll.

Consider the components forming the work of the
separation:

Faq = [, frld = foqrl*(6)
Deformation of the environment is determined:

14
F; =1, ;”rl

(7

Where:

V. —the speed of separation of the medium from the
surface of the roll under the action of external forces;
T, — tangential stresses; n — plastic viscosity of the

medium; r — dough layer on roller; 1 — the length of contact
of a part of the working body.

Given the length of the contact area, we obtain the

expression:
14
Fy =1, N rl

Work determined by the separation effort is spent on
overcoming adhesion F,q and deformation of the medium,
when exiting through a rectangular molding surface
between rotating rolls F ¢

Fy =Faq +Fy (8)

When studying the process of dough injection, one of its
conditions was to change the gap between the rolls and the
angular velocity of their rotation. Knowing the mass of the
dough, the area of its contact with the surface of the
mixing drum, with the help of the proposed method and
computer symbolic mathematics, the strength of adhesion
is determined.

Initial speeds are selected at three values of the crack
(6 =20 mm; & = 25 mm; & = 30 mm). Trajectory of the
mass of the test for three cases in the car chamber:
v,=0.18 ms’; v =032 ms'; v, =04 ms". On the

dash movement there is an impedance which is expressed
by the coefficient of resistance K. For the three clearances
we make the equation of spline approximation:

vy = 0.18ms™ !

K = 4.58x% — 3.25x + 2.7
vy = 0.32ms™1

K = 3.65x% — 2.9x + 2.69
vy = 0.4ms™!

K =2.29x% — 2.26x + 2.73

Where:

vo— speed of the dough movement at the output of the
rollers, with different values of the gap;

K — factor of resistance.
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The graph of the relationship between the coefficient of
resistance K and the length of the dough movement at the
output of the rollers (x) is shown in Figure 11.

Experimentally determining the value of length (x),
substituting it into an approximation equation, one can
determine the coefficient of resistance K, which is the
sum:

K =Kp+ Ky

Where:

K,— component of the resistance coefficient considering
the air resistance;

K, 4— part of adhesion.

The air resistance coefficient is 0.11.

Consequently, considering the trajectory of the dough
movement at m.s” the most favourable (gap of 30 mm),
we will substitute x = 0.3 into the approximation equation:

K =2.29(0.3)> —2.26-0.3+2.73 = 2.26

25
242 N
234
K(x)
1226 \\\
218 ~—
~_

21
005 008 011 014 017 02 023 026 029 032 035

X

Figurell Charts of functions K (x) for an initial speed
of 0.18 m.s™.

We find the coefficient of adhesion, which in our case
will be:

Hc
K,g=K—-K,=226-0.11= 2.15;

In accordance with the chosen model of motion, we
consider that due to adhesion, the strength of resistance
appeared, directed against the movement of the mass of the
test, equal to:

ox

P = Kada

Since x-axis is chosen for calculations, then:
dx

— =V, COSX
at ~ °

Substituting this equation in (B), we obtain:
P,, = K vocosa

Knowing the magnitude K4, vy cosa, we will define:
P, = 2.15 - 0.4 - cos15° = 0.831H
Where:
cos15 — the angle between the surface of the roll and the

detached moving dough during the injection process.
Area of the nominal contact

S=2mRi(2b+2R) = 2m0113(202+2011)=
8 5 8 5
9.0343m? )

Where:
R —roll radius;
b — roller width (Figure 12).

N

Figure 12 Scheme of Roll.

P, 0.831H H
ad __ 40—

Fopy=—7=——77— =24
@75 7 0.0343m2 m?
considering relations (6) and (7) — (8), the separation

effort will be in the form:

Vi |
fad+TOfFV:Sre'fad+T0;v )

With these conditions, it is possible to determine the

actual adhesion by the results of an adhesion test at
insignificant discontinuation rates when Vv — 0.
These conditions are fully consistent with the processes
taking place at the pumping stage. In addition, we know
the actual contact area of the phases. Minimum actual
contact area S, formed by a contact of a dough with a roll
surface, where oo = 1. The maximum contact area is equal
to the surface area of the roll (substrate) Sc (Figure 13).

The nominal contact area is easily determined by the
geometry of the adhesive or substrate. The area of the
substrate, considering the relief surface (depends on the
frequency and type of its processing, Figure 13, type A) is
known to us. Therefore, in the general form, the relief of
the surface with the side a can be written by a double
Fourier series:

TRY

Z=Ymn10mn" sin% 1 COS— (10)

Where:

Z — the value of the height of the inequalities;
a,s- Fourier coefficients;
x, y — Cartesian coordinates;

m, n — Harmonic numbers.

The forces of adhesion in these cases are very small.
Expression (10) characterizes the profile of any surface.
The element is selected on the surface of the areas :

dz dz
— 2 2y .
ds—\/1+(dx) +v1+(dy) dx - dy
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3
A-A
R
i 4

e e e r
—_T____i = E R,
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2

Figurel3 Scheme of the injection site: 1-working
chamber, 2—dough, 3-rolls; A-determination of the
actual contact area of the roller working body and the
dough: 2—adhesive (dough); 3 — substrate; 4 — surface of

the substrate.
% 1
| XY

0 y
2

Tpk

Figurel4 Filling the cavity on the substrate surface 1
with adhesive 2.

Knowing the profile form, i.e. dz/dx and dz/dy, it is
possible by means of integration to define Sc based on the
topography of the surface. So, as the relief of the surface
of the roller working body has grooves with the
appropriate angle, the angle of the vertex between the
groove protrusion y = 60° at the top of the trapeze. In any
arbitrarily selected slit, the relief has the form of an
equilateral trapezoid (Figure 16). Then the length of the
profile formed by the surface in 2 times will increase the
length of the middle line of the profile. Accordingly, the
surface area of the substrate will be 2 times greater than
the nominal contact area.

In real conditions, the dough does not fully contact the
surface of the roller working body. According to the work
(Nikolaev, 1976), the filling of the rough surface is
proportional to the pressure and time of contact of the
dough, as well as its viscosity:

EN(M)%
d S u

It can be assumed that the dough is in contact with a
broad-walled surface at a contact pressure Pk. The width
of the roll is characterized by the mean square value of the
inequalities Rz. In this case, the cavity on the surface of
the roll is filled with a dough. If the size of the
macromolecules of the dough is much smaller than the slit
of the surface, the law of the mechanics of continuous
media propagates in the car's current and the two-
dimensional flow motion passes.

In this case, the forces of inertia are small, and the forces
of hydrostatic pressure, viscous friction and capillary are
mutually balanced. In such conditions, to obtain the basic
criteria for the similarity of the current, it is sufficient to
consider the one-dimensional equation of the dough
movement. In isothermal flow, when the values of the
temperature of the dough and rolls are equal (this is

evident from the experiments of (Stadnyk et al., 2019),
the equation of motion has the form:

Q=-%-2.22 (an

Where:
p — pressure;
x, y — Cartesian coordinates;
Ty, tangential tension;
p— density of the dough.

On the free surface of the dough, the conditions of
continuity of the normal and the absence of tangential
stresses are fulfilled.

We denote the radius of curvature of the adhesive on the
surface of the substrate (Figure 14) A, then the condition of
the continuity of normal stresses on the Laplace formula
has the form:

Ty =—
12)
Where:
6,— surface tension on the boundary adhesive - surface.

The rheological properties of the dough in the region of
small deformation velocities, namely, when passing
through the gap between rotating roller working bodies, is
characterized by the Shvedov-Bingam equation (Stadnyk
et al., 2016; Believ, Egorenkov and Pleskachevsky,
1971),

T =Ty SINJ = Yy (13)

Where:
To— conditional yield curve;
Upy — plastic viscosity;
Jj — gradient of strain rate.

The tensile stress in the xx direction is determined
accordingly

Tux = 2B (14)

Where:
B=1-A—pp
A — the second invariant of the strain rate tensor, obtained

for a one-dimensional flow from the ratio:
v

A= (15)

dx

Considering (13) — (15) and equation (11) and boundary
conditions (12) can be written as:

ap a ov\ _

54‘5(‘[04'#1,15)—0 (16)
v\ &g

2 (0 + - 55) = 75 17)

Replacing differentials with characteristic values

A
PzPK;Y—A;XzA;vz?

we get dimensionless components:
SaBt To-t t

N, =28k N, = k. N, — Pklk (18)
Apipi Hpl HUpl
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Figure 15 Photo of adhesion of the dough to the
surface of the roll of a new design: 1 — roll with screw
grooves; 2 — car body.

Criterion N,, characterizes the ratio of forces of surface
tension and viscous friction; N, analogue of Saint-
Venant's criterion for conditions of non-stationary
movement (flow); N3 — takes into account the influence of
contact pressure and viscous friction. Thus, completeness
complements the grooves of the working body S, varies
from Sy, to S, depending on the ratio of the parameters

of the criteria N,, N,, N,. These criteria, as well as a

number of others, affect the injection according to each
particular period of the corresponding stage of the process.
From the criterion equations, it is evident that the plastic
viscosity of the dough is of great importance. At the first
minutes of the process, the contacts of the medium with
the surface of the roller working body pass through the
basic principle of slow plastic deformation. With increased
contact time with the contact pressure present, adhesion
elasticity increases, mainly due to the plastic flow and is
determined by the value of plastic viscosity. At the exit
from the molding channel formed by the roll’s criterion

N loses its meaning and there is a qualitative separation
of the given mass of the test to the molding device. At the
same time, there are two criteria N, and NN, continue to

affect the bulk of the dough that is on the roll, retaining its
plastic properties and thereby ensuring the cleanliness of
the surface (Figure 15).

CONCLUSION

To ensure a constant area of actual contact, which
contributes to better adhesion and, accordingly, the
passage of a qualitative process of tightening, compression
and pouring, the necessary condition is the consistency of
the criteria (18). This means that the actual contact area
S¢x, varies from Sy, to S; depending on the ratio of
parameters. Therefore, to meet the requirements of the
process, the gap between the rotary rolls is set at the
appropriate distance to create a forming channel, which
corresponds to theoretical and practical calculations. In
such conditions, qualitative stages of the process in the
injection site pass through large stresses of deformations.
These conditions must last for a certain period of injection.
Therefore, the effect of adhesion should be minimal. It is
possible to change the forces of adhesive bonding only if
the thickness of the dough layer is sufficiently small and in

the separation from the surface of the shafts should be
clean.
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COMPARATIVE ASSESSMENT OF STORAGE STABILITY OF GINGER-GARLIC
AND CHEMICAL PRESERVATION ON FRUIT JUICE BLENDS

Abiola Olaniran, Helen Abu, Ruth Afolabi, Charles Okolie, Akinyomade Owolabi,
Oghenerobor Akpor

ABSTRACT

The study aimed at reduction of wastage of fruit, encourage production, consumption and preservation of fruit juice blends
using garlic ginger filtrate with health benefits as biopreservative thus providing alternatives with biological advantage over
chemical preservatives (ascorbic and benzoate acids) without altering the organoleptic and physicochemical properties of
fruit juice blends. The study evaluated the potential of natural preservatives (ginger, garlic and ginger-garlic filtrates) in
comparison with two conventional chemical preservatives (ascorbic and benzoate acids) for fruit juice blends preservation.
The juice blend used was cashew, pineapple and watermelon. In terms of flavor and mouth feel, the order of preference of
the juice were the preserved with 1% garlic-ginger > 1% ginger > 1% garlic > 1% ascorbic acid > and preserved with 1%
sodium benzoate at ambient temperature. Maximum decrease in pH was observed in the juice sample that had no added
preservative. Generally, all the fruit blends (preserved and unpreserved), with the exception of the one preserve with 1%
ginger-garlic showed growth of bacteria after one week of storage. Juice blends preserved with the 1% ginger-garlic were
most acceptable compared to other preservatives. The synergistic biopreservative ability observed with the ginger-garlic
may be a preferable alternative to conventional preservatives.

Keywords: juice blends; ginger; garlic; stability; preservatives

INTRODUCTION

Juices are the extractable fluid contents of cells or tissues
intended for direct consumption obtained by the
mechanical process from sound, ripe fruits (Naz, 2018).
They are non-alcoholic liquid products with diverse degree
of clarity and viscosity (Sadecka et al., 2014). Fruit juices
are rich in lycopene, ascorbic acid and citrulline that have
been reported to have protection against cancer and
cardiovascular disorders. The functionality of fruit juices
have been attributed to their antioxidative properties
(Okwori et al., 2017). Water melon is a common staple
fruit in the world consumed as a dessert, fruit salad or used
fo garnishing drinks (Mohammad, 2016). Cashew is a
hard, drought-resistant, tropical tree, widely grown
primarily for its nuts. Cashew apple, the pseudo-fruit, is
fibrous, juicy and weighs approximately 8 times of the nut
(Afolayan et al., 2016). Much (90% ) of the harvest is
wasted after harvesting (Igbinadolor et al.,, 2017).
Because, cashew apple has a characteristic astringent taste
with biting sensation on the tongue and throat, blending it
with other fruits may lessen its astringency (Reboucas et
al., 2016). Raw pineapple juice is an excellent source of
calcium, magnesium and manganese; however, pineapple
mostly consumed around the world as canned products
(Kaddumukasa et al., 2017). The demand for pineapple
and its juice rises continually most especially due to its

health benefits (Nwachukwu and Ezejiaku, 2014). It is
usually used for blend composition to obtain new flavors
in drinks. Most juice if not refrigerated has a very short
shelf life (Okwori et al., 2017). Ginger is a spice with
characteristic flavor due combination of zingerone,
shogaols and gingerols and volatile oils. Fresh ginger is
composed of 80.9% moisture, 23% protein, 0.9% fat, 1.2%
minerals, 2.4% fibre and 12.3% carbohydrates (Olaniran
and Abiose, 2018). Ginger has antibacterial effect and
exhibits antifungal activity and extended the shelf life for 8
weeks in tomato paste. Ginger powder has been compared
with synthetic antimicrobial agents such as potassium
sorbate and citric acid in smoked fish (Oduah et al.,
2015). Ginger is a commonly added to beverages for
flavor. Garlic (Allium sativum) also regarded as Russian
penicillin, stinky rose, tafanuwa in Hausa, ayo-ishi in Igbo
and ayu in Yoruba (Neeraj et al., 2014; Olaniran et al.,
2019a). Garlic comprises of sulphur containing
compounds, the fresh bulb contains allicin, alliin and
volatile oil. Garlic has exhibited antibacterial activity
against Gram positive and Gram-negative bacteria
(Olaniran et al., 2015). Fruit juice blends produced from
different fruits combines basic nutrients present in these
different fruits to provide a better quality juice
nutritionally and organoleptically (Eke-Ejiofor, 2016).
The inhibition of microbial growth and activity of
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microorganisms is one of the main purposes of the use of
chemical preservatives such as benzoic, sorbic, lactic and
acetic acid (Piper, 2018). Benzoic acid has been used in
different forms as preservative in foods because of its
established antimicrobial properties against yeasts and
molds. They can denature protein, inhibit enzymes and
alter or destroy the cell walls or cell membranes (Reut et
al., 2004). Current reduction in consumption of chemically
preserved foods is due to consumer’s awareness of the
health implication of consumption of synthetic
preservatives (Pongsavee, 2015). Replacing chemicals
with natural preservatives (bio-preservatives) which have
no side effects to the consumer is of interest. To provide
alternatives with biological advantage over chemical
preservatives without altering the organoleptic and
physicochemical properties of fruit juice blends, the need
to explore natural preservatives has been highlighted
recently in scientific literature. In this regard therefore, the
current study aimed to apply ginger-garlic mix; exploring
their effectiveness as preservatives and assessing
organoleptic acceptability of the new combination in fruit
juice blends using cashew, pineapple and watermelon fruit
for the storage study.

Scientific hypothesis

Biopreservatives are as effective as chemical preservatives
in the preservation of fruit blends. The presence of
biopreservatives in fruit blends can improved their
organoleptic properties, when compare to chemical
preservatives.

MATERIAL AND METHODOLOGY

Preparation of preservative filtrates

Garlic, ginger and ginger-garlic filtrates were used as
preservatives in this study. For preparation of the filtrates,
fresh ginger rhizomes and garlic cloves obtained from a
local market in Kwara State, Nigeria. Prior to use, they
were washed under running water, peeled and diced into
cubes separately. The respective diced cubes (100 g) were
blended with 100 mL of distilled water using a grinder
(Marlex Appliances PVT, Mumbai, India) for 5 min and
allowed to stay for 30 min. The suspensions were then
filtered and the filtrates were poured into labelled clean
bottles. Garlic-ginger mix was obtained by mixing equal
volume of garlic and ginger filterate and homogenized for
60 s (Olaniran et al., 2019b).

The preservatives used were 1% ginger filtrate, 1% garlic
filtrate, 1% ginger-garlic, 1% ascorbic acid and 1% sodium
benzoate.

Preparation of the juice blend

For preparation of the juice blend, pineapple, watermelon
and cashew fruits were used. Three kilograms of each of
the fresh, ripe fruits were respectively washed under
running water, drained in colanders, peeled and diced into
cubes. Each juice of the edible parts of the respective fruits
was extracted separately using juice extractor (Imarflex
IM-3180, Quezon City, Philippines).

Following extraction, the cashew, pineapple and
watermelon (CPW) juice were mixed in ratio of 10:50:40
(v/v) respectively to obtain the blends which was
homogenized for 10 sec. A glass jar of CPW juice,

containing no preservative was maintained as positive
control. Five other separate jars were engaged with five
different pretreatments.

Sensory analysis

To estimate consumers’ acceptability, the following
sensory attributes were investigated: aroma, color, flavor,
sweetness, mouth feel and overall impression. A nine-
point structured hedonic scale test (9 = “extremely like”;
5 = “neither like nor dislike”; 1 = “extremely dislike”) was
used for the assessment of overall acceptance of the
freshly prepared juice blend, with and without the
respective preservatives.

For investigation, the samples were served in a sequential
manner in cups containing 25 mL of the respective juice
treatments and codified with three random digits. The
sensory evaluation was conducted with 45 panelists
(25 females and 20 males) comprising of students and staff
of a university and aged between 18 and 50 years. The
inclusion criteria in being selected as a panelist on
condition of regular consumption of the juice blend.
Approval was granted by the University research ethics
boards (LUAC-0046B).

Determination of physical characteristics

pH was determined using a pH meter (Jenway model
6505). Before use, the pH meter was calibrated using
standard buffers of 7.0, 4.0 and 9.2. After calibration, pH
readings were read and documented only when
equilibrium pH was reached.

Titratable acidity and specific gravity were determined as
described in AOAC (2010). For determination of total
soluble solids, a refractometer (Hanna HI 96801) was
used. Values were measured in % Brix as described
elsewhere (Makebe et al., 2017).

Microbiological enumeration

During the storage period, microbial analysis was carried
out on a weekly basis for 5 weeks, using nutrient agar
(Oxoid limited, UK), De Man, Rogosa and Sharpe agar for
enumeration of lactic acid bacteria incubated at 37 C for
total bacterial and lactic acid bacteria count for 24 and
72 hours respectively and potato dextrose agar incubated at
28 °C for 3 days, for estimation of fungal count, using the
standard pour-plating method (APHA, 2015).

Statistical analysis

All data from sensory evaluation, variation in pH,
titratable acidity, specific gravity and total soluble solid of
the juice blend containing different preservatives during
storage were analysed using analysis of variance
(ANOVA) and differences in mean values were assessed
using Duncan’s multiple range test. A value of p <0.05
was used to indicate statistical significance. Using
Microsoft Excel (Microsoft Corporation, Redmond, WA,
USA) means of the replicates were all calculated and
separated.

Volume 14

2020



Potravinarstvo Slovak Journal of Food Sciences

RESULTS AND DISCUSSION

All samples were acceptable in terms of color, taste,
flavor and texture. In terms of flavor and mouth feel, the
order of preference of the juice were the preserved with
1% garlic-ginger > preserved with 1% ginger > preserved
with 1% garlic > preserved with 1% ascorbic acid > and
preserved with 1% sodium benzoate at ambient
temperature of blends. Addition of preservatives enhanced
the colour of the juice blends with the preserved with 1%
ginger-garlic having the highest mean score of 8.88. There
was no significant difference (p <0.05) in the sweetness of
all the juice blends and the scores were in-between 8.77 to
8.94. Combination of ginger and garlic significantly (p
<0.05) improved the mouth feel of the juice blends. In
terms of overall impression, the most acceptable juice
blend was the one preserved with 1% ginger-garlic (Table
1). In this the study all the juice blends that was garlic-
ginger preserved was most acceptable and preferred. This
observation may be due tempering of the pungent taste of
garlic with pleasant scent of ginger resulting from mixing
of equal volume of garlic and ginger filtrates. A similar
observation has been reported by Mancini et al. (2019).
The least preference for the garlic preserved juice blend, as
observed in this study may be due to the strong pungent
taste of garlic compared to that of those with ginger due to
its pleasant (Mancini et al., 2019). In a study on the
preservation of soymilk, Borode (2017) however reported
low preference for garlic preserved soymilk.

In all the juice samples, pH was observed to show
consistent decreases with period of storage. Maximum
decrease in pH was observed in the juice sample that had
no added preservative. At end of the five weeks storage
period, pH decreases of 31.6, 25.1, 30.8, 30.9, 20.7 and
25.1% were observed in the juice samples without
preservative, preserved with 1% ginger, 1% garlic, 1%
garlic-ginger, 1% ascorbic acid and 1% sodium benzoate,
respectively
(Table 2).

For the titratable acidity, consistent increases were
observed in the juice sample throughout the period of
storage. Increases of 90.9, 133, 240, 35.7, 200 and 80%
were observed in juice samples the juice samples without
preservative, preserved with 1% ginger, 1% garlic, 1%
garlic-ginger, 1% ascorbic acid and 1% sodium benzoate,
respectively (Table 3). The consistent decrease in pH with
period of storage as reported in this study is indicated to be
vital to retaining the quality of tartness to the product.
Decrease in pH with period of storage has been also been
reported by previous investigators (Kaddumukasa et al.,
2017; Olaniran et al., 2019b). It is opined that that low
pH could enhance the stability of bioactive compounds
during storage, thus extending shelf life (Chia et al.,
2012).

In the case of specific gravity, increases were observed at
the end of the five weeks period of storage. However, only
minute increases of 8.4, 4.5 and 6.0 were observed were
observed in juice samples preserved with, preserved with
1% ginger, 1 % garlic and 1 % garlic-ginger, respectively.
Remarkable increase of 44.7% in specific gravity was
observed in the unpreserved juice sample (Table 4). The
total soluble solids in the preserved juice blends were
observed to show consistent decreases with time. This
observation was irrespective of the preservative used.

Highest increase (12.1%) in total solids was however
observed in the unpreserved juice blend at the end of the
five weeks storage period. At the end of storage, increases
in total soluble solids of 6.3, 3.6, 5.5, 10.5 and 9.4% were
observed for juice blends that were preserved with 1%
ginger, 1% garlic, 1% garlic-ginger, 1% ascorbic acid and
1% sodium benzoate, respectively (Table 5). The stability
documented in the study in the values of total soluble
solids and specific gravity of preserved juice blends for
weeks might be due to the presence of garlic, ginger,
garlic-ginger filtrates, sodium benzoate and ascorbic acid
added as preservatives. The preservatives slowed down the
rate of fermentation of sugars present in the juices blends
to water, carbon dioxide and ethyl alcohol at room
temperature during storage (Kaddumukasa et al., 2017).
In this study, the concentration of total soluble solid in the
juice blends showed consistent increases with period of
storage. Increase in soluble solids is an indicator of the rate
of deterioration. The minimal increase soluble solid level
observed in the preserved juice during storage could be
due to decrease in the rate of conversion of organic acid to
sugar thus increasing the shelf life of the juice. Similar
observations have been reported by earlier researchers in
related studies (Samad et al., 2019; Rapisarda et al.,
2008). Generally, all the fruit blends (preserved and
unpreserved), with the exception of the one preserve with
1% ginger-garlic showed growth of bacteria after one
week of storage. Growth was only observed in the 1%
ginger-garlic preserved juice from the third week of
storage. At the end of the 5-week storage period, the
bacterial count in the unpreserved juice was however
remarkably higher than those of the preserved samples.
The growth of lactic acid bacteria was observed in all the
juice samples throughout the period of storage, except the
1% garlic and 1% ginger-garlic preserved samples where
growth was observed only after 2 and 3 weeks of storage,
respectively. For the total fungal counts, no growth was
observed for the ginger-garlic preserved juice until after 5
weeks of storage. The 1% ginger and 1% garlic preserved
juice showed growth after 2 weeks and 3 weeks of storage,
respectively (Table 6). Combining the garlic-ginger as
preservative in the study was the most effective during
storage as microbial growth was greatly inhibited. This
could be as result of a synergistic effect of ginger and
garlic (Juan et al.,, 2017). It is opined that the major
challenge in spoilage of fresh juice is the stability of the
pH, natural microflora; chemical composition fruit juice
(Ephrema et al., 2018). From the results from the study,
addition of 1% garlic-ginger as preservative was effective
in reduction of the microbial load and other
physicochemical parameters. This may be due to the
presence of essential oil from garlic and ginger, which are
reported to have health promoting bioactive components
offering consumers health benefits (Aneja et al., 2014;
Baskaran et al., 2010). Thus, if 1% garlic-ginger is
incorporated into industrial production of cashew apple,
pineapple and water melon juice blends; it has better
potential replacement for the chemical preservative during
storage.
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Table 1 Sensory Evaluation of freshly prepared Cashew, pineapple and watermelon blends.

Attributes CPW CPW-GIN CPW-GAR CPWGG2 CPW-ASC CPW-SBZ
Sweetness 8.89+0.02°  8.9440.01° 8.82+0.04® 886+0.01*  8.77+0.02° 8.86 +0.03°
Color 8.00+0.01°  8.64+0.04*  822+0.02°  8.88+0.01°  8.15+0.03"° 8.25+0.01°
Flavor 7.78 +0.03* 7.7540.01°  7.22 £0.03%*  7.92+0.02°®  7.33+0.01° 7.67+0.02°
Mouth feel 742 £0.01°  7.44+0.02°  6.82 £0.01°  8.33+0.01*  7.22+0.04° 5.82+0.01¢
Overall impression 8.88 +0.02° 8.84+0.03*  8.58 +0.01°  8.87+0.04*  8.66+0.01"  8.56+0.04™

Note: Values are means (n = 45) + standard deviation. Means followed by different superscripts are significantly
different (p <0.05) along column according to Duncan multiple range test: CPW, CPW-GIN, CPW-GAR, CPWGQG2,
CPW-ASC and CPW-SBZ represent juice that was unpreserved juice blend, preserved with 1% ginger, preserved with
1% garlic, preserved with 1% ginger-garlic, preserved with 1% ascorbic acid and preserved with 1% benzoate acid,
respectively

Table 2 Variation in pH of the cashew, pineapple and water melon juice blends with the different preservatives during
the period of storage.

Preservative type Storage period (weeks) % decrease

0 1 2 3 4 5

No added a a a ¢ b b

. 4.53+0.01* 4.53+0.02° 4.46+0.02° 3.10£0.01° 3.10+0.01° 3.100.01 31.6
preservative

1% ginger 4.06+0.01° 3.61+0.03% 3.48+0.05° 3.1440.01° 3.04+0.0lc 3.04+0.01° 25.1
1% garlic 4.514£0.02° 4.38+0.01° 4.28+0.02° 3.42+0.01* 3.13+0.03" 3.1240.01° 30.8
1% garlic — ginger ~ 4.47 £0.04* 4.43 +0.01* 3.59+0.02° 3.10+0.03° 3.09 +0.02° 3.09 +0.04° 30.9
1% ascorbic acid ~ 4.06 £0.01°  4.05+0.01° 4.02+0.02° 3.33+0.01° 3.28+0.01* 3.22+0.01° 20.7
1% Sodium benzoate  4.03 £0.02°  4.02 £0.04° 3.52+0.02" 3.06+0.04° 3.02+0.03° 3.02+0.01° 25.1

Note: Values are means (n = 3) = standard deviation. Means followed by different superscripts are significantly different
(p <0.05) along column according to Duncan multiple range test.

Table 3 Variation in titratable acidity of the cashew, pineapple and water melon juice blends with the different
preservatives during the period of storage.

Preservative type

Storage period (weeks) % increase

0 1 2 3 4 5
No added preservative 0.11 £0.02° 0.17 £0.01* 0.17+0.02* 0.19+0.01* 0.21+0.01* 0.21 £0.01° 90.9
1% ginger 0.09£0.01° 0.09 £0.01° 0.17 +0.01* 0.17 +0.03* 0.17 +£0.02* 0.21 +0.00° 133
1% garlic 0.05+0.01° 0.09 +£0.02° 0.13+0.01° 0.13+0.01° 0.13 +£0.02° 0.17 +£0.01° 240
1% garlic — ginger  0.14 +0.01* 0.14+0.00° 0.20 £0.01° 0.20+£0.01* 0.19+£0.01> 0.19 +0.01° 35.7
1% ascorbic acid ~ 0.07 £0.02° 0.12+0.01° 0.14+0.00° 0.18 £0.02* 0.18 £0.02* 0.21 +0.01° 200
1% Sodium benzoate 0.10 £0.02* 0.13 +0.01° 0.18 £0.01* 0.18 £0.03* 0.18 £0.01* 0.18 £0.02° 80

Note: Values are means (n = 3) = standard deviation. Means followed by different superscripts are significantly different
(p <0.05) along column according to Duncan multiple range test.

Table 4 Variation in specific gravity of the cashew, pineapple and water melon juice blends with the different
preservatives during the period of storage.

Preservative type

Storage period (weeks) % increase

0 1 2 3 4 5
No added preservative 1.32+0.04° 1.38£0.01° 1.70 £0.00° 1.75+0.00° 1.85+0.01° 1.91 +0.00° 44.7
1% ginger 1.55+0.01° 1.57+0.01* 1.61+0.01° 1.63+0.01° 1.65+0.02° 1.68 +0.02° 8.4
1% garlic 1.56 £0.00° 1.57£0.00* 1.58+£0.03" 1.61+0.03" 1.63+0.03" 1.63 £0.02° 4.5
1% garlic-ginger ~ 1.49+0.03* 1.51 £0.04* 1.52+0.02° 1.54+0.02° 1.56+0.01° 1.58+0.05" 6.0
1% ascorbic acid ~ 1.37+0.01° 1.37+0.02° 1.54+0.01° 1.57+0.02° 1.59+0.00° 1.62+0.03" 18.2
1% Sodium benzoate  1.34 +0.02° 1.45+0.01° 1.55+0.00° 1.57+0.02° 1.57+0.02° 1.58+0.02° 17.9

Note: Values are means (n = 3) + standard deviation. Means followed by different superscripts are significantly different
(p <0.05) along column according to Duncan multiple range test.

Volume 14

91

2020



Potravinarstvo Slovak Journal of Food Sciences

Table 5 Variation in total soluble solids of the cashew, pineapple and water melon juice blends with the different

preservatives during the period of storage.

Preservative type

Storage period (weeks)

% increase

0 1 2 3 4 5
No added preservative 5.79 £0.00° 5.77£0.01° 5.60 £0.01° 5.38 £0.02° 5.28 +0.02¢ 5.09 +0.01° 12.1
1% ginger 5.90 £0.05" 5.82+0.01° 5.60+£0.03° 5.60+0.04° 5.53+0.01° 5.53 £0.01° 6.3
1% garlic 5.82+0.01° 5.78 £0.02° 5.72+0.00" 5.69 £0.00° 5.67 +£0.02* 5.61 +0.05" 3.6
1% garlic-ginger 5.98+0.01° 5.88+0.00° 5.78+0.03* 5.75+0.01° 5.66+0.02" 5.65 +0.03" 5.5
1% ascorbic acid 5.81+£0.02° 5.79+0.01° 5.65+0.01° 5.5140.02° 5.60+0.04* 5.20 +0.02° 10.5
1% Sodium benzoate  5.83 £0.02° 5.80+£0.01° 5.74 +0.00° 5.71+£0.02* 5.45+0.02° 5.28 +0.01° 9.4

Note: Values are means (n = 3) = standard deviation. Means followed by different superscripts are significantly different
(p <0.05) along column according to Duncan multiple range test.

Table 6 Microbial Counts of the Fruit Juice during Storage.

Storage period (weeks)

Samples 1 ) 3 2 3
Total bacterial count (colony-forming units.mL™")
Unpreserved 80x10° 25x10° 43x10° 30x10° 10x10°
Preserved 1% ginger 12x10° 20x10° 24x10° 10x10* 15x10°
Preserved with 1% garlic 11x10° 18x10° 17x10° 29x10° 11x10*
Preserved with 1% ginger-garlic Nil Nil 12x10° 20x10° 35x10°
Preserved with 1% ascorbic acid 12x10° 22x10° 39x10° 24x10° 75%10°
Preserved with 1% sodium benzoate 12x10° 25x10° 43x10° 84x10* 90x10°
Lactic acid bacterial count (colony-forming units.mL™")
Unpreserved 36x10° 39x10° 54x10° 25x10° 25x10°
Preserved 1% ginger 24x10? 38x10° 51x10 45x10° 65x10°
Preserved with 1% garlic Nil 21x10? 29x10? 33x10? 40x10°
Preserved with 1% ginger-garlic Nil Nil 12x10° 16x10° 52x10?
Preserved with 1% ascorbic acid 60x10° 58x10? 40x10° 56x10° 46x10*
Preserved with 1% sodium benzoate 34x10° 60x10* 39x10° 47x10° 15x10*
Total fungal count (spore-forming units.mL™")
Unpreserved 14x10° 29x10° 40x10° 25x10° 34x10°
Preserved 1% ginger Nil 15%10° 33x10° 42x10° 15%10*
Preserved with 1% garlic Nil Nil 25x10? 10x10° 60x10?
Preserved with 1% ginger-garlic Nil Nil Nil Nil 11x10?
Preserved with 1% ascorbic acid 10x10° 31x10? 46x10° 30x10* 35x10*
Preserved with 1% sodium benzoate 15x10° 43%10? 20x10° 18x10* 30x10*

With respect to sensory accetability, the fruit blend
preseved with the 1% garlic-ginger blend was the most
accepatble (p <0.05). In presence of the biopreseravtives,
the phyicochemical patrameters of the fruit blend showed
stability during storage.

The study concluded that ginger and garlic could be used
as effective biopreservatives in fruit juice blends at
a minimum concentration at 1% and recommended as
potential replacement for the chemical preservative during
storage juice blends from cashew water melon and
pineapple. The outcome of this study may expand the
utilization of ginger and garlic more often in fruit juice
production, create more job opportunities and reduce
seasonal losses and wastage of fruits like cashew.

CONCLUSION

From the findings of this study, the biopreservatives (1%
ginger, 1% garlic and 1% garlic-ginger extracts) compared
favourably with the chemical preservatives (1% sodium
benzoate and ascobic acid) used for preservation of the
cashew water melon and pineapple juice blend. In

addition, the study revealed 1% garlic-ginger extract as the
most effective biopreservatives of all the biopresevatives
used.
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INVESTIGATION OF ZERANOL IN BEEF OF UKRAINIAN PRODUCTION AND
ITS REDUCTION WITH VARIOUS TECHNOLOGICAL PROCESSING

Mpykola Kukhtyn, Volodymyr Salata, Ruslan Pelenyo, Volodymyr Selskyi, Yulia Horiuk, Nataliia
Boltyk, Larisa Ulko, Volodymyr Dobrovolsky

ABSTRACT

Synthetic growth stimulants are widely used to get high productivity of animals. These preparations can accumulate in the
meat and their residual quantities will adversely affect the health of consumers. The purpose of the work was to monitor the
content of zeranol, growth stimulant of ruminants in beef which goes to meat processing enterprises of the Western region
of Ukraine and to determine the effect of heat treatment on its quantity. It was found out that 29.8% of beef samples taken
at meat processing enterprises contained a stimulant for the growth of ruminant zeranol. It was found that during the
storage of beef samples frozen at a temperature of -18 °C with different content of zeranol there is a decrease in its number.
The most intense process of destruction of zeranol occurred during the first month of storage, during this period of time the
amount of zeranol is reduced by an average of 20%, regardless of the initial content. Within two months of storage of
frozen beef, the content of zeranol decreases by 28.2 +0.17%, and at the end of the sixth month its quantity decreases to
33.2 +0.58%. It was also found that the dynamics of zeranol reducing in beef samples with large quantities (22.5 ug.kg™)
and small (2.3 pg.kg") were the same. It was set up that during 30 min of meat cooking there was a decrease in the content
of zeranol 24.7 £0.23% and 32.0 +£0.35% for 60 min, compared to its content in fresh meat. At the same time, when stored
in the frozen state and subsequent cooking, the reduction of zeranol content in meat was 39.3 +0.3%. Therefore, it is
proposed to revise and amendments into the regulatory documents of Ukraine regarding the control and supervision of the
presence of hormone (zeranol) residues in meat and meat products in order to prevent their sale and consumption by
humans.

Keywords: beef; zeranol; frozen meat; synthetic growth promoters; meat temperature processing

INTRODUCTION
The meat industry is one of the main branches of

metabolic disorders and causing cancer. Therefore, in the
countries of the European Union it is forbidden to use

agriculture, which provides the population with food rich
in high protein. Currently, beef is an important part of the
human diet, since meat has good taste, high nutritional
levels and is also considered a dietary product (Tonu,
2013; Salata et al.,, 2017). However, various synthetic
hormonal growth promoters have become widely used for
short periods of time in animal husbandry, in particular:
zeranol, trenbolone acetate, diethylstilbestrol and others
(Galbraith, 2002; Brynes, 2005; Azza, Sania and
Weam, 2015; Lykholat, Grigoryuk and Lykholat,
2016). Meat obtained from animals on the use of anabolics
is characterized by a gentle consistency and lower fat
content. However, according to many researches of many
scientists (Larrea and Chirinos, 2007; Jeong et al.,
2010; Wang et al., 2013), excessive amounts of residues
of hormonal preparation in meat and meat products
adversely affect the health of consumers, causing various

hormonal preparations — stimulants of growth of live
weight of ruminants and it is regulated by directives (EC,
1996a; EC, 1996b). At the same time in countries of Latin
America and the USA the use of synthetic preparations in
animal husbandry is allowed by national legislation (CFR,
1999).

Our attention was drawn to the synthetic stimulator
anabolic zeranol, known as a-zearalanol, it is a non-
steroidal estrogen of the lactone group of resorbic acid and
is used as an implant in the ear of cattle to increase muscle
mass (Leffers et al., 2001). Ukrainian legislation does not
oblige the definition of this anabolic in beef at
slaughterhouses and when implemented within the state.
Therefore, researches on the presence of zeranol in the
bovine muscle grown in Ukraine in domestic scientific
publications are virtually none.
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Therefore, conducting experimental researches on the
monitoring of zeranol in beef at meat processing
enterprises in Ukraine will allow to determine the real
status of its circulation. Besides, based on the obtained
information, it will be possible to propose appropriate
amendments to the legislation of Ukraine on the safety of
meat and meat products.

The purpose of the work was to monitor the content of
zeranol, growth stimulant of ruminants in beef which goes
to meat processing enterprises of the Western region of
Ukraine and to determine the effect of heat treatment on its
quantity.

Scientific hypothesis

The main hypothesis of the investigation is in the
detected beef containing the synthetic anabolic stimulant
zeranol, which goes to meat processing enterprises of the
Western region of Ukraine and the possible use of meat
processing that would reduce the amount of meat.

MATERIAL AND METHODOLOGY

Research on beef meat was conducted during years
2016 — 2018. Samples of beef meat were selected at the
meat processing enterprises of the Western region of
Ukraine to determine the amount of zeranol.
Determination of zeranol in meat was performed using the
test system for enzyme immunoassay RIDASCRIN®
Zeranol (Art. No.:R3301) (manufactured by firm Art-
Biopharm/R-Biopharm, Darmstadt, Germany) at the
Stepan Gzhytskyj Lviv National University of Veterinary
Medicine and Biotechnologies.

Statistical analysis

Statistical processing of the results was carried out using
methods of variation statistics using the program Statistica
9.0 (StatSoft Inc., USA). Non-parametric methods of
research were used (Wilcoxon-Mann-Whitney test). The
arithmetic mean (X) and the standard error of mean (SE)
were determined. The difference between the comparable
values was considered to be significant for p <0.05.

RESULTS AND DISCUSSION

The results of the searches of the content of zeranol in
fresh beef are shown in Figure 1. From Figure 1 it can be
seen that, on average, 30% of beef samples taken from
meat at processing enterprises in the Western region of
Ukraine contained a stimulant for the growth of ruminant
zeranols. The number of negative samples without zeranol
content was 70.2 £2.1%. The detected amount of zeranol
in meat was different (Figure 2). The highest number of
samples — 35.7% with the content of zeranol was found in
the smallest range from 1 to 5 pg.kg'. The number of
samples with zeranol content from 5.1 to 10.0 pg.kg" was
found in 28.6%. A significant number of samples — 21.5%
contained zeranol at high concentrations from 10.1 to
15.0 ug.kg" and 14.2% of the investigated samples had its
content greater than 15.1 pg.kg™.

Thus, the conducted searches have established the fact of
receipts at processing plants of the Western region of
Ukraine of beef containing the prohibited in the European

Union countries the stimulant of growth of live mass of
ruminants — zeranol.

Considering that when consuming food products
containing residues of hormonal preparation, there is
a violation of metabolism in humans we conducted
research of the influence of different technological
processes of temperature meat processing on reducing of
zeranol content. In Figure 3 the results of the research are
presented of changes in the content of zeranol in beef
during its storage in the frozen state at a temperature of
-18 °C.

The results of the research indicate that there is no
complete reduction in the content of zeranol in meat
during the six-month refrigerated storage. However, we
note the same dynamics of zeranol reducing in beef
samples, which contained both large and small amounts.
The most intense process of destruction of zeranol
occurred during the first month of storage. During this
period of time, the amount of zeranol is decreased by an
average of 20% in all samples, regardless of initial content.
During the two-month term of storage of frozen beef, the
content of zeranol was decreased by 28.2 =+0.17%,
compared to the initial amount in fresh meat. Next storage
of beef for three months did not cause a significant
decrease in the content of zeranol and at the end of the
sixth month their number was decreased by 33.2 +£0.58%.

Analogical results of the research on the dynamics of
changes in zeranol in beef were obtained using the
freezing temperature of meat -25 °C and -30 °C. However,
when storing meat containing zeranol in the cooled state at
+2 to +4 °C and frozen for -2 to -3 °C for 20 days, no
decrease in the amount of zeranol was observed.

Thus, obtained scientific data indicate that the storage of
meat in the frozen state has a positive effect on the
dynamics of reducing the content of zeranol. This process
is particularly active within two months of the start of
storage.

In Figure 4 results of researches are given of the
influence of the cooking process on the dynamics of
changes in zeranol in beef. Installed that the process of
cooking also affects to reduce the content of zeranol in
beef. After 30 minutes of meat cooking, the amount of
zeranol in all samples was decreased by 24.7 £0.23% and
over the next 30 minutes to 32.0 £0.35%, compared to its
content in fresh meat. Further heat processing up to
120 minutes did not cause a significant decrease in the
zeranol content compared to the 60 minutes of cooking
process.

Consequently, during cooking, about 30% of the zeranol
from the meat to the broth is destroyed or transferred,
which is almost the same amount as in the frozen storage
process.

Changes in the content of zeranol in meat were also
examined after 6 months of storage in the frozen state and
subsequent cooking for 60 min (Figure 5). After freezing,
the decrease in the amount of zeranol was found to be
33.2 £0.58%, and the subsequent meat cooking process led
to a slight reduction of the zeranol content to 6.1 +0.2%.
Therefore, in general, after the freezing process and further
meat cooking process, the amount of zeranol is reduced by
39.3 £0.3%.
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Figure 1 Searches of beef for the presence of zeranol.
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Figure 2 Characteristic of beef samples by zeranol content.
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Figure 5 The intensity of the process of reducing zeranol in beef after 6 months of storage and 60 min of cooking

Meat and meat products are essential components of the
human diet, so first of all they must be safe in biological,
chemical and physical terms. It is currently widely used in
the world to increase the growth of live weight of animals
and improve the use of feed anabolic hormonal
preparations of synthetic production (Galbraith, 2002;
Brynes, 2005; Azza, Sania and Weam, 2015; Lykholat,
Grigoryuk and Lykholat, 2016). However, in violation of
the fattening technology, these preparations can
accumulate in the products of slaughter, and their residual
quantities adversely affect the health of consumers
(Larrea and Chirinos, 2007; Jeong et al., 2010; Wang et

al., 2013). Synthetic anabolic stimulator — zeranol is
banned in the European Union for use in veterinary
medicine because of its adverse influence on humans. At
the same time in the USA this preparation is allowed and
its amount in ruminant muscles is allowed up to 2 pg.kg”
and 10 pgkg' in liver (CFR, 1999). In Ukraine,
regulatory and legal documents do not regulate the
definition of this anabolic in domestic beef and imported
abroad.

Our research has found that 29.8% of beef samples taken
at meat processing enterprises in the Western region of
Ukraine contained a stimulant for the growth of ruminant
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zeranol. In addition, a significant number of samples —
35.7% contained zeranol at high concentrations greater
than 10 pgkg’'. Our researches are consistent with the
results of scientists from other European countries
(Borazan et al., 2007; Salata, et al., 2017), who reported
the detection of zeranol in 100% of the investigated meat
samples and meat products. Consequently, conducted
research have found that there is an income for the
processing of beef, which contains the hormone to
stimulate the growth of live weight — zeranol. Therefore,
we consider it necessary to revise and making changes in
the regulatory and legal documents of Ukraine on the
control and supervision of the presence of residues of
hormone preparations (zeranol) in meat and meat products
in order to prevent their sale and consumption by humans.
In addition, at the present time, due to the large number of
food supplies from different countries, it is impossible to
guarantee the safety of meat in terms of residues of animal
growth stimulants (Gladij and Sychevs'kyj, 2018).
Therefore, when importing beef in Ukraine, it is necessary
to control it for the presence of residual quantities of
zeranol.

Considering the fact of receipts for beef processing with
high content of zeranol, we conducted a research to
determine the influence of different types of heat treatment
and storage of beef on the quantitative content of zeranol.
It has been established that storage of beef in chilled and
frozen state for 20 days does not affect the content of
zeranol. At the same time, it was found that the storage of
beef samples in the frozen state at a temperature of -18 °C
with different content of zeranol decreases its amount.
Thus, the most intense process of destruction of zeranol
occurred during the first month of storage, during this
period of time the amount of zeranol was decreased by an
average of 20%, regardless of the initial content. During
the two-month term of storage of frozen beef, the content
of zeranol was decreased by 28.2 +0.17%, and at the end
of the sixth month its amount was decreased to
33.2 £0.58%. It was also found out that the dynamics of
zeranol reducing in beef samples with large quantities
(22.5 pgkg') and small (2.3 pgkg') were the same.
Therefore, conducted researches have given us reason to
affirm that the storage of meat in the frozen state has
a positive influence on changes in the content of zeranol,
that is, it significantly reduces its amount. With the small
content of zeranol in meat, it can be reduced to the limit of
2 ugkg' in the US. In addition, it was found out that
during 30 min of cooking meat there is a decrease in the
content of zeranol by 24.7 +0.23%, and for 60 min by
32.0 £0.35%, compared with its content in fresh meat.
Further heat processing did not cause a significant
decrease in the content of zeranol. At the same time, when
stored in the frozen state and subsequent cooking, the
reduction of zeranol content in meat was 39.3 +0.3%. In
researches (Braekevelt et al., 2011) it was also found
a decrease in the amount of estrogen hormones in beef by
25 — 30% after its two-hour cooking. Moreover, the
researchers found that in the non-fat beef, the process of
disintegration of hormonal preparations was less and
ranged from 5 to 20%. Thus, cooking reduces the content
of anabiolics in meat, but in the presence of high
concentrations, this process is not effective enough to
produce a safe product.

CONCLUSION

In summary, it can be noted that the revealed fact of
earnings to the processing of beef containing zeran in high
concentrations, therefore, we consider it necessary to carry
out a selective control and selection of beef at meat
processing enterprises in order to establish safety
indicators, namely the content of zeranol. To reduce the
number of detected samples, the meat must be frozen at
-18 °C and stored for at least two months and then
subjected to heat processing (cooking). However, if
significant concentrations of zeranol (greater than
2 pgkg") are found, such meat is prohibited.
Consequently, the planned monitoring will allow the
monitoring and analysis of the situation of beef zeranol in
Ukraine.
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TECHNICAL EFFICIENCY AND FACTORS AFFECTING RICE PRODUCTION IN
TIDAL LOWLANDS OF SOUTH SUMATRA PROVINCE INDONESIA

Khairul Fahmi Purba, Muhammad Yazid, Mery Hasmeda, Dessy Adriani, Meitry Firdha Tafarini

ABSTRACT
Rice has been the staple food for most Indonesians, so the rice consumption in Indonesia is considerably high. Rice is

cultivated in many agroecosystems, including tidal lowlands. Some tidal lowlands are considered suitable for rice
cultivation. Therefore, tidal lowlands may support food security in Indonesia. However, productivity remains a problem in
which inputs are not used efficiently. This study aims to determine the technical efficiency and identify factors affecting
rice production in tidal lowlands of South Sumatra, one of main rice barns in Indonesia. A survey was conducted by
interviewing 93 farmers in Telang Rejo Village. A data envelopment analysis (DEA) with output-oriented and variable
returns to scale (VRS) approach was applied to measure technical efficiency score from each farm observed. An ordinary
least square (OLS) regression with a Cobb-Douglass production function approach was employed to analyse the factors
affecting rice production in tidal lowlands of South Sumatra, Indonesia. The results showed that majority of rice farms in
the tidal lowlands of South Sumatra Indonesia were inefficient. There were 44 rice farms (47.31%) that were efficient, 5
rice farms (5.38%) that were inefficient under increasing returns to scale and 44 rice farms (47.31%) that were inefficient
under decreasing returns to scale. The inputs, such as nitrogen, phosphorus, and potassium fertilisers, herbicides,
insecticides and fungicides had positive significant influences on rice production in the tidal lowlands of South Sumatra,

Indonesia.

Keywords: technical efficiency; rice production; tidal lowlands; data envelopment analysis; ordinary least square

INTRODUCTION

Rice is a staple food and livelihood platform for Asian
countries, such as Vietnam, Indonesia, Pakistan and others
(Roy, Chan and Rainis, 2014; Roy, Chan and Xenarios,
2016; Al-Mashadani and Mahmood, 2019) Rice is still
an income source for rural society in Indonesia. Therefore,
it has a strategic position. Moreover, Rice also contributes
to  9.5% of the Gross Domestic Product of Indonesia
(Adriani and Wildayana, 2015; Central Bureau of
Statistics of Indonesia, 2019). According to Government
regulation #12 of 2012 concerning food, the Indonesian
government is obligated to guarantee availability,
affordability, and fulfilment of food consumption for all
Indonesians. However, the consumption rate of rice is very
high in Indonesia. The rice consumption of Indonesia
achieved approximately 29.13 million tons or 111.58 kg
per capita per year (Central Bureau of Statistics of
Indonesia, 2017). A population rate increase caused rice
consumption to also increase. At the same time, a high
land conversion causes unstable rice production for
fulfilling rice consumption in Indonesia. This means that
the government must take an appropriate decision or
policy for solving those problems.

One of the solutions taken by government is the
development of agriculture in the suboptimal lands of
Indonesia. One of the suboptimal lands in Indonesia is
tidal lowland. Tidal lowland is reclaimed swamp land and
occurs between the land and the sea. Therefore, tidal
lowland depends on the changing tides. Tidal lowland has
potential to support food security in Indonesia. One of the
available tidal lowlands of Indonesia is in South Sumatra
Province. Based on data, the total of tidal lowland area is
266,674 hectares in South Sumatra. A large number of
tidal lowlands in South Sumatra are in Banyuasin
Regency. Based on the report of statistics, the total of tidal
lowlands in Banyuasin is 161,917 hectares (Central
Bureau of Statistics of Banyuasin Regency, 2018). Due
to the available total area of tidal lowland is being large, it
is expected become a food barn or food growing area or
rice production centre of Indonesia. On the other hand,
tidal lowland is still not reclaimed in large amounts
because of peat in tidal lowlands. Therefore, Many tidal
lowlands may not be utilised (Susanto, 2003).

One of locations for tidal lowlands is in Telang Rejo
Village, Delta Telang I, South Sumatra Province of
Indonesia. This location is a reclamation project in the
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1970s involving the transmigration program from Java
Island to Sumatra Island (Scholz, 1980; Wildayana,
Adriani and Armanto, 2017; Wildayana and Armanto,
2018). Telang Rejo Village has type A tidal lowlands. The
type A is a tidal lowlands suitable for rice cultivation
(Imanudin and Armanto, 2012), it forms by tidal
lowlands that are overflowed both large and small tides at
all times (Irwandi, 2015).

Besides the good potential of tidal lowlands, the
constraints and threats exist, such as the rice productivity
of tidal lowlands still being low. The rice productivity of
tidal lowlands is approximately 4.10 to 4.43 tons per
hectare. Whereas, the average rice productivity is 8 tons
per hectare (Wildayana and Armanto, 2019). This
difference between actual and expected production was
caused by inefficient use of input (Majumder et al.,
2016). The other problems of rice cultivation in tidal
lowlands are soil acidity, nutrient deficiency, salinity and
pyrite (Fe,S) content (Armanto, et al., 2013; Armanto,
2014; Wildayana and Armanto, 2018). Furthermore, the
water is unsuitable for the crop needs for rice cultivation in
tidal lowlands agriculture (Yazid et al., 2015). There is no
technological recommendation based location, such as
fertiliser, variety of rice, land clearing and management,
and also water management (Oemar, 2003). These factors
are causes of inefficient use of agricultural inputs to rice
production in tidal lowland agriculture.

Studies regarding the technical efficiency of rice
production become important for estimating the efficiency
level of rice production in tidal lowlands agriculture.
Technical efficiency refers to achieving a total of potential
output though s combination of total of available input
(Iraizoz, Rapun, and Zabaleta, 2003). If a business or
enterprise can improve output by input use optimization,
the business is efficient (Coelli et al., 2005). Some studies
regarding the technical efficiency of rice production in
Indonesia have been conducted (Erwidodo, 1990; Squires
and Tabor, 1991; Trewin et al.,, 1995). Even through
there have been many studies regarding the efficiency of
rice production in Indonesia, there are only a little of them
discussing the efficiency of rice production in tidal
lowlands of South Sumatra in particular. These previous
studies investigated phenomena on Java Island with
technical irrigated land agroecosystem. On the other hand,
this study investigates the case of Sumatra Island with its
suboptimal land agroecosystem, which is tidal lowlands.
Therefore, this study is very important to be conducted.

Scientific hypotheses
There were two hypotheses in this study:

1. 70% of rice farms in tidal lowlands of South Sumatra
Indonesia are efficient in constant returns to scale
condition

2. Land area, seed, fertilizer of N, P, and K fertilisers
herbicides, insecticides, fungicides and labour
significantly affect rice production in tidal lowlands of
South Sumatra Indonesia

MATERIAL AND METHODOLOGY

Location

This study was conducted in Telang Rejo Village,
Banyuasin Regency, South Sumatra Province of Indonesia.
There are some considerations in choosing the location.
1. This location has tidal lowlands of type A, and this
location is suitable for rice cultivation.
2. This location is well known as food barn and production
centre of tidal lowland rice for Banyuasin Regency.
3. This location is the largest village in tidal lowland
agriculture of South Sumatera.
4. Telang Rejo is one of the transmigration project villages
in the 1970s. The tidal lowlands in Telang Rejo was
reclaimed by government to transmigrants from Java
Island to Sumatra Island.
5. The Water management system was built by the agency
of public work through grants from the government. The
map of study site is in Figure 1.

Data Collection

Data was obtained by interviewing 93 farmers in Telang
Rejo. Therefore, there were 93 decision making units
(DMUs). They were selected randomly. This study used a
questionnaire as a tool of research. This study was assisted
by five master degree students as enumerators. The
variables used in this study consisted one dependent
variable (Y) and nine independent variables (X). The
dependent variable was the rice production of tidal
lowlands (Coelli et al., 2005). The independent variables
were land area (Thanh Nguyen, Hoang and Seo, 2012),
seeds (Duangbootsee and Myers, 2014), chemical
fertilisers which are N, P and K (Hoang and Alauddin,
2012; Hoang and Nguyen, 2013; Jansen et al., 2006),
pesticides and labour (Rios and Shively, 2005;
(Duangbootsee and Myers, 2014).

Technical Efficiency

Efficiency is the ratio between output and input. If the
ratio is high, the efficiency score will be high. The
efficiency score is between 0 to 1. It can be defined
mathematically 0 < TE <I. Efficiency score can be
obtained by (Arnade, 1994):

Efficiency = Lkukyk']
Zivixi,j
Where :
y = output
X = input
u, v = average weight
i,j,k=123,..n

Data Envelopment Analysis (DEA)

Data envelopment analysis (DEA) is a method to
estimate  efficiency = with  linear = programming
nonparametric approach (Charnes, Cooper and Rhodes
1978; Charnes, Cooper and Rhodes, 1979) DEA
identifies the best frontier solution involving all
observation of decision making units (DMUs). Therefore,
it is called an envelope model. The DEA model also can be
applied to estimate efficiency or performance in some
sectors such as hospital (Gholami, Higon and
Emrouznejad, 2015; Khushalani and Ozcan, 2017),
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Figure 1 Location of study.

school (Fatimah and Mahmudah, 2017), construction
(Hu and Liu, 2016), banking (Wanke and Barros, 2014;
Avkiran, 2015), port operation (Rajasekar and Deo,
2014; Nguyen et al., 2016), industry and manufacture
(Kotey and O’Donnell, 2002), agriculture (Haji, 2007;
Guzman et al.,, 2009; Mardani and Salarpour, 2015)
and among others.

DEA has also been applied widely to estimate farm and
agricultural performance worldwide (KodiSova, 2015;
Wang et al., 2017, Wang et al., 2018; Adeyonu et al.,
2019). DEA has been used as a tool for decision making in
a businesses, organisations, and governments as well. DEA
has some advantages. It can be applied simultaneously by
multiple inputs and ouputs. Without the need to previously
determine weights. Furthermore, DEA does not need a
functional form and specific production function such as
input-output relationship.

DEA is divided by 2 orientations. The first is oriented
input. It minimises input to achieve a potential output
level. The second one is oriented output. It maximises
output bundle while keeping the input level constant. Both
of them minimise input and maximise output for achieving
efficiency, DEA model oriented input focuses on
operational and managerial problems while DEA model
oriented output is in regards to planning and strategy
(Cullinane, Song and Wang, 2005).

South Sumatera

Google

Imagery ©2020 CNES / Airbus, Maxer Technologies, Maxar Technologiss, imagery 2020 CNES / Airbus, Landsat / Goparnicus, Maar Technologies, Map data £20

Telang Rejo

The asssumptions of the DEA model are constant retun
to scale (CRS) and variable returns to scale (VRS). These
assumptions affect the envelope frontier. CRS is difined as
a proportion of input addition equaling proportion of
output addition. VRS is defined as production technology
showing increasing, constant or decreasing returns to
scale. The VRS assumption is appropriate for agriculture
study because agricultural production may occur in 3
situations which are increasing, constant or decreasing
returns to scale.

The DEA model in this study applied oriented output.
The model can defined as (Fire, Grosskopf and Lovell,
1985; Ali and Seiford, 1993; Fiéire et al., 2017;
O’Donnell, 2018):

Max 0i )
Subject to:
U = Z§=1 ZjUjm (2)
Where:
0 = output efficiency of DMU’s being estimated by
DEA
Ujm = amount of output m produced by DMU j
Z; = intensity variable for DMU j
j,m =1,2,3..n
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The model obtained is a CCR or CRS model. To
transform the model to be VRS or BCC Model, this
constraint below should be add in the model.

Zjlj =1 (3)

A DEA model with oriented output and VRS approach
estimates technical efficiency though measuring potential
output by 93 farmers or DMUs. The level of input (1) is
kept constant so that it obtains three stages of production,
namely increasing, constant or decreasing returns to scale.

Ordinary Least Square (OLS)

The use of OLS has been widely applied by many
scholars. OLS is amethod to identify the factors affecting
agricultural production. OLS is also used as a second
phase analysis of the DEA. According to Banker,
Natarjan and Zhang (2019) the application of the
combination between DEA and OLS is better than the
Simar-Wilson model in measuring productivity at the
second stage. The application of OLS is also more
consistent when combined with DEA in second stage
(Simar and Wilson, 2007). The OLS equation used in this
study is the Cobb-Douglass production function equation.
We can define it as :

Y =1f(X1,X2,X3...Xn) (4)

Y = pox1P'x2Px3P | XnP (5)
The estimation of the above OLS equation was
transformed by natural logarithm (Ln). It was created to
obtain the equation or model easier to interpret
(Koutsoyiannis, 2001).

LnY = Lnf, + B;LnX; + B,LnX; + B;LnX; ... B,LnXn(6)
Where:

Y = Production
po = Intercept
B1, B2, Bs---pn = Parameter
X1,X2,X3...Xn = Input

n =1,2,3..n

Statistical analysis

The software used for data analysis in the study was the
Data Envelopment Analysis Program (DEAP) software
version 2.1. The software was developed by Tim Coelli
from the Centre of Efficiency and Productivity Analysis
(CEPA) in the University of Queensland, Australia. In
addition, the Statistical Package for Social Science (SPSS)
version 23 was also used for OLS analysis. The p-values
used in OLS analysis were p <0.01; 0.05 and 0.10

RESULTS AND DISCUSSION

Characteristics of farmers

Based on Table 1, farmers were in productive age group.
The majority of farmers aged 40 — 49 years. The
household size was 2 people for the majority. A small
percentage of respondents were elderly and whose wife or
husband has passed away lived alone. These respondents
normally had children who were married and lived nearby.
A low percentage of respondents had two or more
children. These respondents normally are middle aged
with children who are still young and unmarried. However,
the education of farmers is still relatively low. The length
of education only 4 to 7 years, which is equivalent to

primary school. The majority of farmers had 11 — 20 years
of farming experience. This was because farmers in Telang
Rejo Village are the second and third generation of
transmigrants of the transmigration project from Java
Island to Sumatra Island in the 1970s. The land status of
farmers in Telang Rejo Village was mainly private
ownership. This is because at the beginning of the
transmigration program each household was given 2
hectares of reclaimed tidal lowlands by the government
(Arsyad, Saidi and Enrizal, 2014).

Table 2 showed agricultural input uses and output
produced in tidal lowlands of Telang Rejo Village.
According to The Ministry of Agriculture of Indonesia
(2007) the uses of N, P and K fertilisers are 200 kg.ha™
75 kg.ha™' and 50 kg.ha” resepectively . In fact, the uses
of N, P and K fertilisers in tidal lowlands were higher than
the recommendation. This could be a threat for
sustainability and environmental integrity in tidal lowlands
with theses surpluses.

Characteristic of Tidal Lowlands

Tidal lowlands contain pyrite and peat. Pyrite was
formed when the tidal lowlands were flowed by sea water
in dry season. It will be dangerous to rice when it was
oxidized. Furthermore, peat was cause of soil acidity
(Shamshuddin et al., 2004; Nurita and Ar-Riza, 2014).

The tidal lowlands’ problem are pH, nutrient deficiency,
high content of Fe and Al and uncontrolled water
(Purnomo et al, 2005). Water management in tidal
lowlands was different with irrigation system. The
government had built some primary and secondary canals
with the sliding gate and flap gate. In the rice farm, The
intensive shallow canals were conducted which function to
wash acidic and toxic substances from the field (Widjaja-
Adi, Ratmini and Swastika, 1997). However, the
maintenance of the canals need to consider because some
gates were broken (Ar-Riza and Alkasuma, 2008).

Identification of efficient and inefficient rice farms
in tidal lowland

A total of 93 farms were used for each efficiency score
using the DEA method. The result of DEA showed that
most of the tidal lowlands rice farms in Telang Rejo
Village were inefficient. There were only 44 (47.31%)
efficient rice farms that were in constant returns to scale
condition, while there were 49 inefficient farms. Where 44
(47.31%) of those in decreasing returns to scale condition
and 5 (5.38%) that were in in increasing returns to scale
condition. Figure 2 is presented to show the results of the
DEA.

There were 44 rice farms that had decreasing returns to
scale caused by the excesses of input use. Therefore, to
achieve efficiency the input uses need to be reduced. The
purpose of reducing input use on the farms for the law of
diminishing returns has not occurred. Whereas the farms
with increasing returns to scale (five rice farms) should
increase the input uses to achieve efficiency because it is
still possible for them to increase production. The finding
of a study stated that rice farms in Vietnam operated with
less than the optimal scale (Linh, 2012). The result
supported this study.
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Table 1 Descriptive statistics of farmers in Telang Rejo Village (n = 93).

Characteristics Frequency Percentage (%)
Age (year)

20-29 12 12.90
30-39 23 24.73

40 - 49 36 38.71
50-59 18 19.35

60 — 69 4 4.30

Household size (individual)

1 20 21.51

2 34 36.56

3 30 32.26

4 8 8.60

5 1 1.08

Education (year)

0-3 3 3.23

4-17 52 5591

8—11 17 18.28
12-15 20 21.51

>16 1 1.08

Farming experience (year)
0-10 18 19.35
11-20 38 40.86
21-30 18 19.35
31-40 18 19.35
41-50 1 1.08
Land Status

Renter 4 4.30
Owner 80 86.02
Renter and Owner 9 9.68

Table 2 Descriptive statistics of input and ouput (n=93)

Variable Mean Std. Deviation Min. Max.
Production (kg.ha™) 6,602.15 142.66 3,000.00 10,000.00
Land area cultivated (ha) 4.83 3.52 0.50 20.00
Seeds (kg.ha™) 86.40 18.71 50.00 120.00
N fertiliser (kg.ha™) 329.57 1.61 50.00 650.00
P fertiliser (kg.ha™) 223.66 1.14 50,00 500.00
K fertiliser (kg.ha™) 195.16 1.09 50.00 400.00
Herbicide (L.ha™) 6.90 3.59 2.00 20.00
Insekticide (L.ha™) 6.41 3.83 1.00 17.00
Fungicide (L.ha™) 5.99 3.22 1.00 17.00
Labour (day.ha™) 3.78 3.36 1.00 14.00

Farm performance can also be divided based on the
efficiency score. Jalilov et al. (2019) divided 3
performance using efficiency scores based on: 1) the best
performance which has an efficiency score between 0.90
to 1.00 or 90% to 100%. Farming in this category was
called efficient farming 2) good performance, or farming
that has an efficiency score of 0.80 to 0.89 or 80% to 89%
also included in the efficient category, while for 3) poor

performance is farming that has efficiency score under
0.79 or 79%. Farming with this score is categorised as
inefficient.

Based on this grouping, there were 68 (73.12%) farms that
had efficiency scores from 90% to 100%. Then, there were
17 (18.28%) farms that had efficiency scores between 80%
and 89%. Meanwhile, 8 (8.60%) farms had score of less
than 79%. Figure 3 was given to show the categorisation
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Figure 3 Categorisation of rice farming performance based on efficiency scores.

of rice farming performance based on efficiency scores.
This finding is same like a study in Turkey. The average
efficiency score of rice production in Marmara region was
92%. It means performance of rice farming in Turkey was
the best performance (Tipi et al., 2009).

The poorly performing farms occurred due to the input
use not being optimal. The achievement of actual total
production was not in accordance with the expected total
production. It was further determined that poorly

performing farms were on decreasing returns to scale.
The well performing farms with efficiency scores of 80%
to 89% had worked on optimal input use. Furthermore, the
best performing farms with efficiency scores of 90% to
100% had been on the efficiency frontier (Jalilov et al.,
2019).

Factors affecting rice production in tidal lowlands

This study applied an OLS analysis as the second stage
analysis of DEA. The classic assumption test (data
normality, heteroscedasticity and multicollinearity) was

applied in OLS model. It was applied to obtain a free
errors OLS model. In addition to obtain factors affecting
rice production in tidal lowlands, OLS can also obtain an
equation of the Cobb-Douglass production function for
rice production in tidal lowland. The production functions
obtained from OLS analysis were:

Y=127938130X ] 023200305 30.0495 400725 £0.05T 5 £0.097 5 70.
039X80.082X90.003 (7)

Where:

Y = Tidal lowland rice production (kg.ha™)
X1 = Land area cultivated (ha)
X2 = Seed (kg.ha™)

X3 =N fertiliser (kg.ha™)

X4 = P fertiliser (kg.ha™)

X5 =K fertiliser (kg.ha™)

X6 = Herbicide (L.ha™)

X7 = Insecticide (L.ha™)

X8 = Fungicide (L.ha™")

X9 = Labour (day.ha™)

Volume 14

2020



Potravinarstvo Slovak Journal of Food Sciences

Decreasing Return to Scale

ition

Increasing Return to Scale

Cond

Constant Return to Scale

i Percentage (%)

H Frequency

0 10 20

30 40 50

Figure 2 Distribution of farming based on returns to scale condition.

Table 3 The result of OLS analysis.

Variable B Std. Eror t-stat )2
Intercept 8.107 0.274 29.549 0.000
Land area cultivated (X1) 0.023 0.027 0.862 0.391
Seed (X2) 0.030 0.061 0.498 0.620
Fertilizer N (X3) 0.049 0.026 1.885™ 0.063
Fertilizer P (X4) 0.072 0.029 2.463" 0.016
Fertilizer K (X5) 0.057 0.032 1.794™ 0.076
Herbicide (X6) 0.097 0.031 3.159 0.002
Insectiside (X7) 0.039 0.022 1.809"" 0.074
Fungicide (X8) 0.082 0.032 2.549" 0.013
Labour (X9) 0.003 0.022 0.135 0.893

Note: F-stat = 30.682; R-Square = 0.769; Adjusted R-Square = 0.744; * Significant at p <0.01; ** Significant at

p <0.05; *** Significant at p <0.10.

Based on the OLS analysis (Table 3), it was found that
herbicides had a positive significant influence on rice
production in tidal lowlands (p <0.01), and P fertiliser and
fungicides had a positive significant influence on rice
production in tidal lowlands (p <0.05).

Furthermore, N Fertiliser , K Fertiliser and insecticides
also had a significant influence on rice production in tidal
lowlands (p <0.10). The findings supported a study by
Piya, Kiminami and Yagi (2012). The result of study
stated that chemical fertilizer, pesticide and fungicide were
positive and statistically significant to rice production in
Nepal. Furthermore, pesticide and herbicide also affected
rice production in Sri Lanka (Gedara et al., 2012).
Meanwhile, the land area cultivated, seeds and labour did
not significantly influence rice production in tidal
lowlands. A study stated that farm size did not affect rice
production in Nigeria (Ahmaedu and Alufohai, 2012).
Many the land used by farmers in Telang Rejo Village
were fragmented. The impact of fragmented land was that
farmers had difficulty in managing rice farms. This was
caused by the scattered distribution of land. Therefore, the
management of rice farms in tidal lowland became
ineffective. This case began when many farmers took a
credit or loan from a wealthier farmer or foke. The land

became a guarantee in this loan system. It was an informal
credit with high interest. The interest applied by the foke is
approximately 30% — 40% per year in a term of one to five
years. The informal credit is absolutely not profitable for
farmers in tidal lowland area. The loan system had terms
and conditions as agreement between farmer and the foke.
The farmers were not allowed to cultivate rice in their
lands until they were able to pay their loan during the
repayment period. The farmers who were not able to pay
the loan according to agreement had to give their land to
the toke. This situation created rich farmers with large land
areas and poor farmers with small land area, so there was
significant inequality among the farmers in tidal lowlands.
Seed did not significantly affect rice production in tidal
lowlands. The use of seeds was very high in the rice farms
of tidal lowlands. This finding was supported by
Dhungana, Nuthall and Nartea (2004) and Linn and
Maenhout (2019) . They stated that use of seed was very
high in rice farming in Nepal and Myanmar. The use of
excess seeds caused many farms to be in decreasing
returns to scale condition. The use of excess seeds was
mostly encouraged by cultivating system in tidal lowland.
Tabela is well-known seedling system by farmers. In fact,
the optimal use of seeds was 20 kg to 30 kg per hectare
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with seeding. Tabela is abbreviation from three words
(Tebar Benih Langsung) in Bahasa Indonesia. Tabela was
done by spreading seed out directly to land without first
seeding. When fabela was applied, seeds would flow out
with water. Therefore, seeds were useless. Tabela is often
known as sonor. Tabela was followed by burning land in
land preparation (Wildayana, Armanto and Junedi,
2017). This cultivation system was a local wisdom for tidal
lowland farmers in Telang Rejo Village. The cultivation
system made spacing of crops irregular, and caused the
rice production of tidal lowlands to be low. Furthermore,
the varieties used by farmers are ciherang, IR 42 or others.
That was developed by farmers with technology
limitations. In addition, it is possibly not water stress
tolerant variety. One of the problems in tidal lowlands is a
need for water because tidal lowlands depend on tides.
Therefore, a water stress tolerant variety is needed by
farmers in tidal lowland agriculture to increase rice
production. Inpara-3 is a suitable variety to tidal lowlands
(Saidi et al., 2014). However, the farmers do not adopt it
yet.

Labour was also a factor that did not affect rice
production in tidal lowlands. The available labour force in
tidal lowland agriculture is very low. In fact, many
transmigrant farmers sold their land and farms given by
the government to return to their homeland on Java Island.
Then, many farmers migrated to find other work in the
capital city of South Sumatra Province (Palembang). It
occurred along cultivation season. Therefore, a large
labour force for agriculture and farming in Telang Rejo
Village was not available. Moreover, some farmers
changed their jobs from agricultural jobs to non-
agricultural jobs. The majority of them worked in
construction in the capital city of South Sumatra Province
or became workers on an engine boat in the Musi River.
Musi River is the longest river of South Sumatra. It is also
used as transportation like Mekong River in Vietnam. The
case of labour migration also occurred in China. The
available labour for agricultural jobs has decreased
significantly (Peng, Tang and Zou, 2009). It will be a
challenges of rice production. The other cause was
agricultural mechanisation. Many farmers used machines
for land preparation, harvesting and other activities.

CONCLUSION

This paper concluded that rice production on tidal
lowlands was inefficient. Only 47.31% of rice farming was
efficient. They were in constant returns to scale.
Meanwhile, 5.38% of rice farming was inefficient under
increasing returns to scale and 47.31% of rice farming was
inefficient under decreasing returns to scale. The factors
affecting rice production in tidal lowlands were N, P, and
K fertiliser, herbicides, insecticides and fungicides. In
terms of policy implications, the need for rice varieties
tolerant to tidal lowlands, use of organic fertilizer such as
livestock dung, compost and others to achieve
sustainability of tidal lowlands, seed nursery training by
agricultural extension and also policies regarding the use
of agricultural inputs, including doses and the other
factors, so that rice production in tidal lowlands can be
improved to achieve efficiency and food security in
Indonesia.
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NUTRITIONAL AND BIOLOGICAL VALUE OF PORK OBTAINED FROM
ANIMALS FED WITH LYSINE AND METHIONINE

Ivan Gorlov, Marina Slozhenkina, Alexander Mosolov, Vladimir Baranikov, Dmitry Nikolaev,
Alexander Chernyak, Bogdan Sherstyuk, Olga Krotova

ABSTRACT

The article presents material on the effect of the amino acids lysine and methionine in pig diets. Studies have been carried
out to increase the live weight of animals, depending on the content of these amino acids in the diet when fattening up to
100 and 120 kg. Presented research results obtained during testing in certified and accredited laboratories. When growing
gilts to live weight from 30 to 50 kg, a deficiency in the level of lysine was found, which reaches up to 29.6%, and
methionine with cystine up to 23.1%. When growing animals from 81 to 120 kg of live weight, the lysine deficiency is
14.9%, and methionine with cystine is 8,8%. This necessitated balancing the diet of animals to the required level of amino
acid content. The most effective on the growth and development of animals, as well as on indicators of pork quality, was

the introduction of feed lysine in combination with methionine in pig diets.

Keywords: lysine; methionine with cystine; gilts; live weight; rations

INTRODUCTION

At present, the pig-breeding industry in the Russian
Federation is developing quite dynamically and domestic
pork production reaches more than 95% of the volume
consumed, which provides the population of the country
per person 26 kg of this type of product. However, in
countries of world pork exporters in the USA, England,
Germany, Canada, Denmark, Italy, Spain, more than 100
kg of meat is produced per person. Therefore, in Russia
there is a need to further increase the production of pig
meat, including not only through the use of breeding and
genetic innovations, but also to improve animal breeding
by improving the quality of feeding rations (Mysik, 2008;
Strekozov and Chinarov, 2012). Full and balanced
nutrition of pigs in all nutrients is the key not only to a
steady increase in meat productivity of animals, but also
their reproductive qualities, as well as physiological
development at all stages of growth (Kukushkin and
Filatov, 2011; Belous et al.,, 2018; Kulintsev, 2011;
Nikonkov et al., 2015; Kumar et al., 2012; Smith et al.,
1999).

The aim of the research was to study the effect of diets
with a low protein level in pig diets, which is typical for
the southern regions of our country, on the physiological
parameters of animals, as well as on fattening and meat
qualities of young animals.

Scientific hypothesis

Supplementation of lysine and methionine in pig diet will
increase production of pork. In connection with the
foregoing, it is advisable to conduct research aimed at
studying the effect of the introduction of the amino acids
lysine and methionine with cystine on the physiological
development of animals, growth, development of young
pigs, as well as on increasing production of pork.

MATERIAL AND METHODOLOGY

The studies were conducted at the Lenin collective farm
breeding farm in the Surovikinsky district of the
Volgograd region in the period from 2017 to 2019. For
testing, 3 groups of purebred gilts of large white breed, 16
animals each, obtained as a result of the second farrow,
were selected. Gilts were selected according to the
principle of analogue pairs, considering gender, age, and
physiological state. For the experiment, the feeding
process was divided into three periods. The first period is
from 30 to 50 kg of live weight; the second period is from
51 — 80 kg and the third period are from 81 to 120 kg of
live weight. Control slaughter of experimental animals was
carried out when 100 and 120 kg of live weight were
achieved.

The animals were grown according to the zootechnical
standarts adopted in Russia. According to the
recommendations of the all-russian institute of animal
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husbandry, the balance sheet experience was divided into
preparatory and main periods. The preparatory period was
carried out for 21 days, animals of all experimental groups
received the main diet. The study of the balance of the
diets of feeding experimental animals was carried out on
the basis of the analysis of the actual diet by the content of
protein, lysine, methionine with cystine in it at the
Volgograd  Regional  Veterinary = Laboratory, a
comprehensive analytical laboratory of the State Scientific
Research Institute of Nuclear Medicine and Pediatrics, and
Volgograd. The analysis of the chemical composition of
feed and animal metabolic products was carried out
according to generally accepted methods of zootechnical
analysis (Alikaev et al., 1967; Zlebedev and Usovich,
1976). In all experimental groups, animals were fed using
concentrated feeds (concentrate type of feeding). The first
group received the main diet, while the content of
digestible protein fluctuated in weighted periods of 119 g,
106 g and 98 g, respectively. To adjust the balance of diets
for essential amino acids, they were carried out using a
mixture of peas and meat and bone meal, and the lack of
carotene in the diet was ensured by the introduction of
alfalfa flour. Gilts of the second and third groups received
the main diet. At the same time, animals of the second
group to compensate for the lack of lysine received feed
lysine, which was prepared according to GOST R 56913-
2016, and in the third group, the lack of lysine and
methionine was compensated by feed lysine with the
addition of methionine. Additionally, chalk and sodium
chloride were added to the diets of animals of all
experimental groups to provide them with calcium, sodium
and chlorine. General economic rations for the periods of
experiment consisted of 98.2 concentrated feed and 1.8%
roughage in the first period; in the second period -
concentrated feed — by 98.6% and roughage — by 1.4%, in
the third period — concentrated feed — by 98.6% and
roughage — by 1.4%. The analysis of the content in the
meat samples of experimental animals was studied on the
basis of data obtained on an amino acid analyzer model (L-
8800, "Hitachi", Ltd). The content of amino acids and
minerals is shown in Figure 1.

Analyzing the data presented in Figure 1, we can draw
the following conclusion: in the first period of the
experiment, the deficiency of the diets of experimental
gilts for digestible protein is 19.0%, lysine — 34.9%,
methionine with cystine — 37,8%; for the second period —
by 14.4; 29.6; 23.1%, respectively; in the third period,
there was a deficiency in the amino acid lysine — 14.9%,
methionine with cystine — 8.8%. The experimental gilts
were kept separately in groups, feeding was carried out
twice. The necessary amino acids (in dry form) were
introduced into the feed mixture stepwise after thorough
mixing in the diets of experimental gilts. A study of the
growth and development of gilts was established on the
basis of taking into account the monthly increase in live
weight. Before the control slaughter of the experimental
animals, weighing was carried out after 24 hours of
fasting. Assessment of meat productivity of animal
carcasses was studied in accordance with the "All-Russian
Institute  of animal Husbandry = Methodological
Recommendations for the assessment of meat productivity,
quality of meat and subcutaneous fat of pigs". Sampling of
the longest muscle of the back and adipose tissue was
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Figure 1 Diets of experimental animals.

carried out at a level between the 9™ and 12" thoracic
vertebrae, after cooling at a temperature of 2 — 4 °C in the
refrigerator for 24 hours.

In order to more fully evaluate the meat qualities of
experimental gilts after 24-hour exposure, the right half
carcasses were deboned. At the same time, the weight of
the ham, the ratio of meat, fat and bones, the area of the
“muscle eye”, determined on the cross section of the
longest muscle of the back between the last pectoral and
first lumbar vertebrae, were evaluated. Tasting evaluation
of the broth and meat obtained from experimental animals
was evaluated on the basis of organoleptic evaluation
according to GOST 9959-91 “Meat products. General
conditions for organoleptic assessment".

Statistic analysis

The data obtained during the experiments were processed
using mathematical methods of variation statistics using
the Microsof Excel software and Statistika 6 developer:
StatSoft, USA. In the course of our work, we used the
Student-Fisher method. For to assess the effect of lysine
and methionine content in animal diets during different
periods of their growth. The first threshold of reliability of
the obtained data is designated as (p >0.95); the second
(p =20.99); the third (p >0.999), and if the results are not
reliable, then (p <0.95).

RESULTS AND DISCUSSION

The results of the dynamics of the live weight of
experimental gilts are presented in Table 1. As we can see
from the data in Table 1, animals of the 1% group were
superior to analogues from groups 2 and 3 in live weight at
4, 5 and 6 months by 6.21 (p >0.95) and 2.22%; 5.62
(p 20.95) and 2.65% and 6,41 (p >0.95) and 1.19%,
respectively. However, when fattening up to 100 kg of live
weight, the highest weight was achieved in group 2, which
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is 0.60 and 0.20% higher in comparison with groups 1 and
3. Upon reaching 120 kg, the highest weight was observed
in animals of the 3™ group, which is 0.33 and 0.83% more,
respectively, in comparison with the 1% and 2™ groups.
Based on the results of monthly weighings, the average
daily gain in live weight was calculated, the data are
presented in Figure 2.

As we can see from the data of Figure 2 and Figure 3,
despite the fact that the average daily gain in live weight in
animals of groups 2 and 3 at 5 months of age when
reaching 100 and 120 kg of live weight was lower than in
analogues of group 1 — by 97 and 40 g; 37 and 27 g and 28
and 13 g, the age of reaching 100 and 120 kg was less
when reaching 100 kg of live weight by 9 and 5 days,
when reaching 120 kg, animals of the 2nd group exceeded
the analogues of the Ist group by 11 days, and analogues
of 3 groups spent less by 24 days. It should be noted that
the balance of plant general rations allows to significantly
(p 20.95) reduce feed costs (Figure 4). From the presented
Figure 4 it can be seen that in animals of groups 2 and 3,
when fattening up to 100 kg, the absolute increase in live
weight increased in comparison with the analogues of
group 1 by 1.5 kg, or 2.1% and 0.8 kg, or 1.13 %, feed
costs increased by 0.39 units, or 8.99% (p >0.95) and 0.13
units, or 3.04%. The results obtained allow us to conclude
that the use of the amino acids lysine and methionine in
general diets can help to reduce the cost of feed per unit of
growth and this helps to save feed, and also helps to
increase the efficiency of pork production. As a result of
the control slaughter of the experimental animals, we
studied the meat qualities of the experimental young
animals, which are presented in Table 2. The presented
results in Table 2 indicate that the qualitative indicators
were at the same level and did not have significant
differences (p <0.95). It is worth noting that when
fattening up to 100 kg in meat of gilts of group 3, the meat
yield was higher in comparison with groups 1 and 2 by 0.5
and 0.8%, and the protein-quality indicator (BPC) i.e. the
ratio of the essential amino acid tryptophan to the essential
amino acid oxyproline is 0.02 and 0.08% higher in animal
meat. According to the area of the muscle eye, the meat of
animals of the 1% group is the best indicator, which is
higher than in the 2™ and 3™ groups by 0.5 and 0.4 cm’.

In addition, we analyzed the amino acid scores of pork
obtained from experimental gilts. For comparison, three
samples were taken from half carcasses of groups 1, 2, and
3. For a comparative assessment, the content of the most
deficient amino acids of tryptophan, methionine + cystine
and lysine was studied in meat.

By comparing the reference protein recommended by the
FAO/WHO with experimental data, the following results
were obtained: 1.29 g.100g™ of protein was contained in
meat obtained from tryptophan group 1 animals;
methionine + cystine — 3.58 g.100g" protein; lysine —
5.31 g.100g™" protein, which is less in comparison with
analogues of groups 2 and 3 in tryptophan — by 3.9 and
7.7%; methionine + cystine — by 2.2 and 2.8%; lysine — by
1.9 and 6.0%, respectively.

The studies presented showed that in the meat of animals

of group 1, the amino acid rate was the smallest and
amounted to 96.9%, and in the meat of animals of groups 2
and 3 — 103.8 and 105.6%. In order to establish the
nutritional value of pork obtained during research, an
organoleptic assessment of broths was carried out on a
S-point scale with the participation of 15 tasters. Based on
the appearance of the meat broths, the tasters determined
that the broth prepared from pork of the 1st group scored
the highest score — 5.49.
Assessing the appearance of meat broths, experts found
that the broth obtained from the meat of gilts of the
experimental group I scored the highest score — 5.49. At
the same time, it was inferior in terms of aroma, taste,
richness and overall rating, the broth of group 3 received
the highest scores. The second place was established
during the tasting of the broth of group 2 (Table 3).

Tasters found that in terms of appearance, aroma, taste,
texture, juiciness and overall rating, the best results among
the studied groups were boiled meat of gilts of group I.
The second place, according to the general assessment,
was obtained by the meat of gilts of the 3™ group. In
Smith (1999), it is noted that increasing the content of
amino acids, including metinin and cystine, in the diets of
pigs affects not only the improvement of digestibility of
nutrients, but also the energy value of the diet.

Table 1 Dynamics of live weight of experimental gilts, kg (n = 16).

Live weight
Group . at the age of months when removing from fattening kg
when fattening 7 5 3 100 120
1 29.7 £0.40 45.1 £0.95* 64.1 £1.22* 84.2 +£1.55% 99.8 £3.18 119.9 £3.28
2 29.8 £0.46 42.3 +0.98 60.5 £1.08 78.8 £1.68 100.4 £2.44 119.3 +£3.68
3 29.9 £0.48 44.1 +0.98 62.4 +£1.06 83.2 £1.14* 100.2 +£3.02 120.3 +4.20

Table 2 Qualitative indicators of pork obtained from experimental gilts.

Group Muscle eye area, cm Ham weight, kg Meat yield, % BKP, %

When fattening to mass 100 kg

1 28.3 +£0.20 9.22 +0.30 53.0+1.0 8.00

2 27.8 £0.22 9.16 £0.30 52.7+1.0 7.92

3 27.9 +£0.24 9.22 +£0.20 53.5+1.3 8.02
When fattening to mass 120 kg

1 30.3+0.18 11.42 +£0.40 52.6 1.0 7.90

2 29.9 +£0.28 11.39 +£0.40 49.8 +1.0 7.72

3 30.3 +£0.20 11.32 £0.45 52.6 1.2 7.80
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Table 3 Organoleptic evaluation of meat broth, score.

. Group
Indicator I experienced II experienced III experienced
Appearance 5.49 5.38 5.44
Aroma 4.61 4.64 4.68
Taste 4.53 4.66 4.73
Richness 4.47 4.55 4.66
Overall raiting 4.78 4.81 4.88
700 2; 572 2: 569 3;582) 3; 584
600 Z Z 473 7 g
500 L pans
400 g
300 : //ﬁ
200 ﬁ
100 fﬁ.:/ //gf,zf
0 1 2 3
up to 5 months 513 416 473
"up to 100 kg 609 572 582
=up to 120 kg 597 569 584

Figure 2 The average daily gain in live weight of experimental guinea pigs (g).

217

210

. eoocee eeeeccccccoe o-o..--oooooonouoooo.o
[ IXX) . oo . . . @

252
-————_—-—_-—_-

205 241

[\

eas@e | en am) oecoPpoee]

Figure 3 Age of achievement of live weight of 100 and 120 kg, days.
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Figure 4 Feed costs and absolute increase in live weight depending on the period from the feed.
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The lack of lysine is completely eliminated when
introduced into the pre-start feed of piglets 2 — 4 months of
age with 20% of its addition. When granulating feed for
pigs, it is necessary to take into account the temperature
regime, it should not exceed 50 °C since at a higher
temperature there is a connection of sugar with amino
acids (Shkatov, 2013).

The data obtained by us in the experiment are consistent
with earlier works of (Alikaev et al., 1967; Komlatsky,
2012; Zimina, 2012; Sazonov, 2013; Sanchez, 2012) in
which there is a high efficiency from the use of various
components of the diet for its better digestibility, including
the use of lysine in combination with methionine.

Today, the world pays great attention to the production of
environmentally friendly food, including animal origin. In
this regard, studies aimed at studying the increase in pork
production due to the introduction of environmentally safe
feed additives based on amino acids are very relevant
(Komlatsky, 2012).

However, in the work of Varley (2012) it is noted that
with the modern development of the pig industry, it is
impossible to abandon the use of atibiotics in some cases.
It is especially important to use feed antibiotics in various
feed disorders to control the health of animals and reduce
the impact of pathogenic microflora.

A number of Russian and foreign researchers note that
for the growing organism of pigs, it is necessary to use an
increased level of amino acids in the diets of feeding,
including methionine and lysine. This contributes to a
significant increase in metabolic processes in their body,
which significantly increases the living mass in
comparison with analogues that did not receive these
amino acids (Ryadchikov et al., 2000; Ryadchikov et al.,
2010; Omarov, 2007, Omarov et al., 2010; Ettle, et al.,
2004; Moreira et al., 2004; Stein et al., 2007, Main et
al., 2008, Niyazov N.S.-A., et al., 2019).

Cheryukanov, 2013 notes that reducing the level of raw
protein in the diets of pigs in the growing period from 17.2
to 12.5%, and in the first period of fattening from 15.0 to
11.5% and the second period of fattening from 13.0 to
10.5% 1is possible if the diets are balanced with synthetic
amino acids lysine, threonine and methionine in an amount
24-37% higher in comparison with detailed standards of
the all-Russian Institute of animal Husbandry. This
contributes not only to the normalization of the level of
elemental composition of the blood, but also has a positive
effect on the growth of meat productivity. Thus, the live
weight of pigs increased by 18.6 and 14.3%, and in the
second period of fattening — by 16.5 and 14.33%, than in
the control group. This is consistent with the results
obtained in our experiments.

Thus, justifying all of the above, we can conclude that the
study and justification of the use of synthetic amino acids
lysine and methionine in pig feeding will contribute to the
development of diets aimed at increasing the productivity
of animals. These developments will not only increase the
productivity of animals, but can also be used in the
development of technologies for obtaining safe food
products of animal origin.

CONCLUSION
As a result of the experimental work, it was found that
the lack of amino acids such as lysine and methionine in

pig diets adversely affects the productivity of animals. It
has been experimentally proved that when fattening pigs to
100 and 120 kg of live weight, it is necessary to maintain
the amino acid content at the optimal level due to the
introduction of synthetic amino acids, which provides an
increase in live weight gain and a decrease in the age of
removal from fattening. An increase in the content of
a balanced amount of amino acids in the diet contributed to
an improvement in the balanced composition of their meat.
Thus, no significant differences (p <0.95) were found in
the nutritional value of the resulting meat.
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THE COMPARISON OF HPLC AND SPECTROPHOTOMETRIC METHOD FOR
CHOLESTEROL DETERMINATION

Lukds$ Kolarié, Peter Simko

ABSTRACT
The present study was carried out to compare two different analytical methods (HPLC and spectrophotometric) for

determination of cholesterol content in milk while cholesterol in food is important not only for the nutritional value setting
of foods but also due to the validation of a fast, reliable and economical method for studying the possible mechanism of its
reduction. Spectrophotometric determination of cholesterol content was based on the Liebermann-Burchard (LB) reaction
among cholesterol, ethyl acetate, acetic anhydride, plus concentrated H,SO, and measuring absorbance of formed color at
625 nm. HPLC method was performed by column chromatography on reverse phase C;3 with DAD detection at 205 nm.
The methods were applied to the milk sample. The achieved LOD and LOQ for HPLC were 2.13 mg.kg" and 6.45 mg.kg™,
respectively, while for spectrophotometric method were 12.55 and 38.04 mgkg”'. The difference between cholesterol
content determined by both methods was statistically insignificant at p <0.05. Therefore, it can be concluded that both
methods are suitable for determination of cholesterol content in milk, however, HPLC method exhibited higher sensitivity
and lower limits of detection or quantification, respectively.

Keywords: cholesterol; HPLC; spectrophotometry; analysis; milk

INTRODUCTION

Cholesterol is a key compound in most biological
systems. It is an essential compound in cellular membrane
functions of animals and the precursor of important
endogenous substances. In humans, cholesterol is obtained
from two sources: endogenous synthesis and exogenous
ingestion from food (Ramalho, Casal and Oliveira,
2011).

From a nutritional point of view, cholesterol is not found
in significant amounts in plant sources, is mostly present in
foods of animal origin, namely cheese, egg, beef, pork,
poultry, fish, and shrimp. High levels of low-density
lipoprotein cholesterol are a major cardiovascular risk
factor. Once dietary cholesterol intake is increasing, the
plasma cholesterol levels rise and consequently increases
the risk of cardiovascular diseases and atherosclerosis
(Albuquerque et al., 2016).

Multiple methods have been developed for cholesterol
levels determination. According to Li et al. (2019) the
methods can be divided into three major categories: 1.
classical chemical methods based on the Abell-Kendall
protocol, 2. fluorometric and colorimetric enzymatic
assays, and 3. analytical instrumental approaches.
Cholesterol determination procedures in foods usually
involve lipid extraction, separation of cholesterol from
interfering components or liberation of cholesterol into the

free form, and measurement of isolated cholesterol. A
mixture of polar and nonpolar solvents has been suggested
to give better cholesterol extraction from food materials
because cholesterol in these samples is usually bound by
many other biological compounds such as lipoproteins,
proteins, and phospholipids, and a multiple extraction
approach was thought to be more suitable to remove
membrane cholesterol (Dinh et al., 2011). Gas and liquid
chromatography are the most suitable methods for
cholesterol determination, due to their ability to separate
and quantify this compound from other similar ones
(Albuquerque et al.,, 2016). The foremost colorimetric
test for the identification of cholesterol is probably the
Liebermann-Burchard (LB) reaction, which was first
described in 1885 (Xiong, Wilson and Pang, 2007). It
includes saponification of cholesterol ester with alcoholic
potassium hydroxide, extraction of hydrolyzed cholesterol
with hexane followed by evaporation of the solvent, and
finally color development with acetic anhydride and
concentrated sulfuric acid. However, its use is not accepted
for routine tests nowadays since highly corrosive reagents
are used (Li et al, 2019). High-performance liquid
chromatography (HPLC) has the main advantage of being
carried out at relatively low temperatures, thus preventing
cholesterol oxidation (Ramalho, Casal and Oliveira,
2011; Albuquerque et al, 2016). In spite of some
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drawbacks, such as elevated volumes of solvents and
limits of detection and quantification, sample preparation
is simple and required a small number of steps
(saponification and the choice of extraction solvents are
needed for adequate separation and quantification of
analytes by HPLC) (Bauer et al., 2014).

Scientific hypothesis

Both HPLC and spectrophotometric method could be
acceptable for the determination of cholesterol content in
milk.

MATERIAL AND METHODOLOGY

All reagents and standards were of analytical grade.
Cholesterol standard was from Sigma-Aldrich with
a purity >99%. Potassium hydroxide (KOH), concentrated
sulfuric acid (H,SO,), and acetic anhydride were
purchased from Mikrochem (Pezinok, Slovakia). Ethyl
acetate, n-hexane, and sodium sulphate anhydrous were
purchased from Centralchem s.r.o. (Bratislava, Slovakia).
Methanol, HPLC grade was purchased from Fisher
Chemical (Loughborough, UK). The cow’s milk (3.5% fat,
Tatranska mliekaren a.s., Kezmarok, Slovakia) was bought
in a local market.

Sample preparation
HPLC analysis

The samples were prepared according to the modified
method of Borkovcova et al. (2009). To the 5.0 g of the
sample methanolic solution of KOH (1 mol.L™") was added
and refluxed for 30 min. After cooling, 10 mL of n-hexane
and 5 mL of deionized water were added and intensively
shaken in a separating funnel. The organic layer was
separated into the beaker with 2.0 g of sodium sulphate.
The water layer was further washing 2 more times. The
hexane solution was evaporated, and the residue was
dissolved in 3 mL of ethyl acetate. The solution was
filtered using syringe filters with PVDF membrane and
particle size 0.45 pum (Agilent Captiva, USA). The
prepared solution was directly analyzed by HPLC
chromatograph. The calibration curve was performed
using seven standard concentrations. A stock solution of
cholesterol (1 mg.mL™") was diluted in methanol to prepare
calibration standards at 25, 40, 50, 75, 100, 300, and
350 ug.mL™".

Spectrophotometric determination

The samples for spectrophotometric determination of
cholesterol were prepared similarly to HPLC analysis. The
LB color reagent was prepared according to the modified
method of Xiong et al. (2007). Ethyl acetate (75 mL),
acetic anhydride (60 mL), and concentrated H,SO,
(12 mL) were pipetted to the volumetric flask at 0 °C,
stirring for 10 min, and storage in the fridge for 3 hours.
To the prepared LB reagent 1 mL sample solution was
added. After 5 min the absorbance value was recorded at
625 nm for 20 min. The concentration of cholesterol in the
sample was calculated from the calibration curve, which
was performed using calibration standards. The calibration
standards were prepared by dilution of cholesterol in ethyl
acetate at 0.1 to 1 mg.

Instrument and chromatographic conditions
HPLC

Chromatography analysis was performed using an
Agilent Technologies 1260 infinity system (USA)
equipped with a vacuum degasser, a quarterly pump, an
autosampler, and the UV-DAD detector. Cholesterol was
detected at UV wavelength of 205 nm. Isocratic elution
was performed at a flow rate of 1.2 mL.min" using the
mobile phase consisted of water/methanol 5:95 (v/v). The
injection volume was 10 pL and the temperature was set at
35 °C. As a stationary phase, a Poroshell 120 EC-C18
column (4.6 x 50 mm, 2.7 pm particle size) was used with
the guard column Poroshell 120 EC-C18 (4.6 x 5 mm,
2.7 um particle size). The results were recorded using the
OpenLab CDS software, ChemStation Edition for LC and
LC/MS systems (product version A.01.08.108).

Spectrophotometric determination

Spectrophotometric determination was performed using
a spectrophotometer Cary 300 UV-Vis (Agilent
Technologies, USA). The detection wavelength was 625
nm. The results were determined with Cary WinUV
software (software version 4.20(468).

Statistical analysis

Results are expressed as mean +standard deviation or as
percentage. Statistical analysis was performed using
Microsoft Exel version 2010. The data were subjected to
the Student’s test and the values were considered
significantly different when p <0.05.

To obtain validation parameters, the linearity, limit of
detection (LOD), limit of quantification (LOQ), accuracy,
precision, and selectivity were determined. The linearity
was evaluated according to the correlation coefficient by
Pearson (R”) for linear regression. The LOD and LOQ
were calculated considering the signal-to-noise ratio
accepted for each limit and the parameters estimated for
the analytical curve, according to equations 1 and 2:

S
LOD =33 x < (1)

S
LOQ =10 x ¢ (2)

Where s is the estimate of the standard deviation of the
equation’s linear coefficient, and S is the angular
coefficient of the analytical curve (Bauer et al., 2014).

The precision was assessed by the Horrat test, which is
the ratio of the method standard deviation and the Horwitz
relative standard deviation (equation 3):

RSDyorwitz = 2(1705l0gC) 3)

Where C is the analyte concentration in mass percentage
(Ribeiro and Brandio, 2017).

The accuracy was evaluated by recovery studies at one
standard concentration level of cholesterol (1 mg.mL™).
Recoveries were evaluated by adding to milk sample
aliquots standard solutions of the analytes. After the
quantification of the analytes in the fortified samples and
in the control, the recovery percentage (% REC) was
calculated according to equation 4 (Bauer et al., 2014):

Obtained conc.—Control conc.
%REC = < ) x 100 (4)

Expected conc.
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Selectivity was evaluated by using the spectra provided
by the DAD detector by comparison of the peaks present
in the chromatograms of the products with those peaks in
the chromatograms of the standards, as described by
Bauer et al. (2014).

In order to evaluate the conformity of the results obtained
by HPLC and spectrophotometric determination, Moore’s
test was used according to Eckschlager, Horsak and
Kodejs (1980). The test is applicable if ny # ng and the
range of R, and Rg is used as a measure of variance.
Conformity is tested according to Moore’s criterion (U).
Moore's criterion is calculated according to the equation 5:
y =% ©

~ Ry+Rg
Where x, is an average value obtained from the first
method, xp is the average value obtained from the second
method, and R,, R are the values of variance. The
calculated U is compared with the critical value U,. If U
>U,, the difference is statistically significant at p <0.05. If
U <U,, the difference is not significant and we accept the
null hypothesis about the consistency of the results
(Eckschlager, Horsak and Kodejs, 1980).

RESULTS AND DISCUSSION

Optimization of the spectrophotometric
determination and chromatographic conditions

In color-based methods, the application of the LB
reaction is usually the key step after the extraction
procedure (Dinh et al., 2011). Cholesterol in the presence
of concentrated sulphuric acid and acetic anhydride is
oxidized to a conjugated pentaecne known as
cholestapolyene carbonium ion and this undergoes further
reaction to form cholestahexaene sulphonic acid, with a
wavelength of absorption of 410 nm (Adu et al., 2019).
The LB reaction depends, however, on various factors,
such as temperature, time, proportions of reactant,
wavelength or exposure of light as described by Kenny
(1952) or Essaka (2007). Firstly, our study thus
investigated the kinetics of LB reaction. We monitored the
dependence between the time of reaction and the
absorbance of the solution. The results are shown in
Figure 1. The absorbance maximum at 625 nm is stable for

030 —

Absorbance

20 to 30 min and there is little difference in the measured
absorbances. With the increasing time, the absorbance
maximum is moving to higher wavelength values (665 to
670 nm), where is also stable. However, a longer time
interval is less suitable regarding total analysis time. From
the Student’s test, it was observed that the difference
between the absorbance values at 625 nm in 20 and 30 min
was not significant at p <0.05. The spectrophotometric
measurement was thus optimized regarding these results.
Atinafu and Bedemo (2011) used quite a similar
wavelength (640 nm) for the determination of cholesterol
in some commercial edible oils. According to Burke et al.
(1974), a 30 min reaction time is optimum for
spectrophotometric measurement. According to Kim and
Goldberg (1969), maximum color development occurs
after 15 — 18 min incubation at 30 °C. The other important
factor, which has to be considered, is the stability of LB
color reagent. Kim and Goldberg (1969) stated that the
LB reagent is not unstable and it need not be used within a
few hours. According to these authors, the reagent is stable
for 6 months when stored at 4 °C. On the other hand, some
authors using the LB reagent, which was prepared freshly
(Sperry and Brand, 1943; Xiong et al., 2007; Adu et al.,
2019). Firstly, the stability of LB reagent was measured
after 7 hours. After this time the new calibration standards
curve was recorded. Based on the Student’s test the
differences were statistically insignificant at p <0.05.
Statistically insignificant differences were also noticed
after 24 and 48 hours. From the results, it was thus obvious
that LB color reagent is stable. The reaction is also
influenced by the stability of cholesterol solution. The
difference between the results obtained with the freshly
prepared cholesterol solution and after 21 days was
statistically significant at p <0.05 thus the solution was not
stable, and the use of freshly prepared solution is
recommended.

Because of the slight polarity caused by the hydroxyl
group, either normal-phase (NP) or reversed-phase (RP)
HPLC can be used for the analysis of cholesterol (Dinh et
al., 2011). In our study, we worked with non-polar Cg
stationary phase and polar mobile phase.

36 min
28 min

40 min

T
500 so0 Wavelength (nm) 00 500

Figure 1 Absorbance spectrum of Liebermann-Burchard reaction.
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In literature, there is described a lot of different types of
mobile phase composition. For example, Borkovcova et
al. (2009) used water with methanol 5:95, Oh, Shin and
Chang (2001) acetonitrile: methanol: isopropanol 7:3:1 or
Bauer et al. (2014) acetonitrile with isopropanol 95:5. In
this work, several mobile phases were tested but the best
results were obtained using deionized water with methanol
(5:95, v/v). The same conditions were described by
Borkovcova et al. (2009). After the optimization
procedure, the retention time of cholesterol peak was
5.2 min. The absorbance spectrum (Figure 2) showed that
the maximum is obtained at 201 nm, but to avoid the
interferences caused by impurities, we used the absorption
at 205 nm, because the differences were not statistically
significant p <0.05.

Sample analysis and validation

The sample saponification and extraction of cholesterol to
non-polar solvent were crucial steps for the analysis of this
compound in milk by both methods. The saponification of
the lipids has the primordial objectives of removing
acylglycerols from the extract of the lipids and
hydrolyzing the esters of cholesterol. The reaction can be
done after the extraction of the lipids, or by direct
saponification (Bauer et al. 2014). These authors also
suggested that direct saponification is preferably due to a
significantly lower quantity of solvents and shorter
preparation time. In our work, we thus used direct
saponification followed by the extraction. According to
Ahn et al. (2012), three important factors must be
considered when selecting a cholesterol extraction solvent:
a high solubility of cholesterol, a low efficiency for fat
extraction, and hydrophilicity. The most widely used
solvents are n-hexane or toluene. Especially hexane has
some advantages, such as it is less toxic than other
solvents and does not form emulsions as toluene does
(Fletouris et al., 1998). The extraction with hexane was
performed three times due to increased efficiency, as
described Oh, Shin and Chang (2001). Based on these
authors, the chromatogram of method, which used hexane
as the extraction solvent, had an excellent baseline and no
interference was detected. The efficiency of extraction
with hexane is also influenced by the presence of water
(Fletouris et al., 1998). Therefore, a small amount of
water was added to the extraction solvent. The water was

0.4
0.34 |

0.24 |

Absorbance

0.1

004 = e

then removed by the filtration through anhydrous sodium
sulphate. Almost the same steps were also described by
Borkovcova et al. (2009).

Based on these modified methods the cholesterol content
in milk was analyzed by both techniques. By HPLC the
mean content of cholesterol in milk was determined on
92.78 +9.57 mgkg' and by spectrophotometric
determination on 84.57 £10.95 mg.kg™. The 3D record of
cholesterol peak in the milk sample is showed in Figure 3.

Ramalho, Casal and Oliveira (2011) determined the
mean content of cholesterol in commercial milk samples
on 11.6 £0.2 mg.100 mL™' by HPLC. According to Faye et
al. (2015), the mean values of cholesterol in cow milk are
8.51+9.07 mg.100 g™, which is close to our results.

From the results of Manzi, Di Costanzo and Mattera
(2013), the average cholesterol content in Italian cow’s
milk is 12.8 +0.4 mg.100 g'. Thus, on average, the
cholesterol content of whole milk is 12 mg.100 g"'. The
variations of values can be attributed to variations in the
processing of the milk as well as to differences in the
animal breeds, individual characteristics, and intervals
between milking, lactation phase, the composition of the
animal’s diet, etc. (Bauer et al., 2014).

To obtain the validation parameters, the linearity of both
methods was performed by the calibration curves. The
linearity is the ability of a method to demonstrate that its
results are directly proportional to the concentration of the
analyte in the sample, within the linear working range
(Ribeiro and Brandio, 2017). In spectrophotometric
determination, the linear range was obtained in the range
of cholesterol content 0.1 to 1 mg with the correlation
coefficient of 0.9992. In HPLC the linear range was
achieved at the cholesterol concentrations at 25 to
350 mg.L" with the correlation coefficient at 0.9999. This
result agrees with Albuquerque et al. (2016), where the
linearity was obtained over the range of 0.07-0.4 mg.mL™".
The obtained LOD and LOQ for HPLC were 2.13 mg.kg™
and 6.45 mgkg', respectively, while for the
spectrophotometric method were 12.55 and 38.04 mg.kg™.
Thus, from the results, it can be stated that HPLC has
better sensitivity than spectrophotometric determination.
The almost similar values of LOD and LOQ are reported
by Ahn et al. (2012) with LOD 2.27 mgkg' and LOQ
7.56 mg.kg". The other important validation parameters
are accuracy and precision.

200 400

600 800

Wavelength {nm}

Figure 2 Absorbance spectrum of cholesterol in methanol obtained by UV-VIS spectrophotometer.
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|
8 . 190
Figure 3 The 3D record of cholesterol peak in milk sample.
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205 nm

Table 1 Comparison of the results obtained from the analysis of cholesterol content in milk by HPLC (Method A) and

spectrophotometric determination (Method B).

Method A® Method B
Cholesterol content (mg.kg'1 +SD) 92.78 £9.57 84.57 £10.95
LOD (mg.kg™) 2.13 12.55
LOQ (mg.kg™) 6.45 38.04
Recoveries (%) 91.05 85.34
Horrat 1.3 1.45
Slope of calibration curve (b) 433 0.558
Correlation coefficient (R?) 0.9999 0.9992

Note: n =6, °n =3, LOD — limit of detection, LOQ - limit of quantification.

The precision refers to the degree of agreement among
repeated measurements. Precision is approved when
Horrat parameter is less or equal 2 (Ribeiro and Brandio,
2017). Both methods showed good precision with Horrat
value less than 2. Accuracy was obtained by the standard
addition method at one concentration level of cholesterol.
The recoveries were 85.34% and 91.05% for
spectrophotometric determination and HPLC, respectively.
Analyte recoveries close to 100% are ideal, but smaller
values are admitted if the precision is good (Bauer et al.,
2014), and in this case, it is proved by the Horrat values.
The selectivity of chromatographic method was proven by
the adequate separation of cholesterol with good resolution
of the peaks and without co-elution of other compounds in
the sample.

The comparison of the propose methods

The comparison of the results obtained from the analysis
of cholesterol content in milk by HPLC and
spectrophotometric determination is shown in Table 1. For
the testing of conformity of the results obtained from both
methods, Moore’s test was used according to
Eckschlager, Horsak and Kodej$s (1980). Based on
Moore’s test, the difference between cholesterol content in
milk by HPLC and spectrophotometric determination is

statistically insignificant at p <0.05 and the null hypothesis
of consistency of results is accepted. The resulting mean
cholesterol contents in milk determined by these two
methods are thus relatively identical. The results showed
an 8.8% difference. The cholesterol level in milk can be
thus determined by either HPLC or spectrophotometric
method. The same conclusion is described by Essaka
(2007). Based on his research, the agreement of the values
obtained by HPLC and LB reaction with a 16% difference
showed that the proposed method was indeed reliable.

As seen from validation parametres, HPLC has some
advantages over spectrophotometry. Firstly, LOD and
LOQ values are lower thus HPLC is more sensitive. Better
sensitivity of HPLC can be seen also from the slope of the
calibration curve, where the value is much higher than in
spectrophotometric determination. The recoveries were
lower in spectrophotometric determination, which can be
caused by the different approaches in sample preparation.
After saponification and extraction, the sample before
spectrophotometry must be reacted with LB reagent, which
could lower the recovery. Besides that, the color stability,
the issue of temperature dependency, and the turbidity of
the final color-developed solution have made colorimetric
methods subject to significant concern regarding accuracy
(Dinh et al., 2011). According to Osman and Chin
(2006) HPLC was considered as the method of choice for
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cholesterol determination with the lowest LOD and LOQ
compare to spectrophotometry and gas chromatography.
The performance of spectrophotometer was better than gas
chromatography in terms of reproducibility.

CONCLUSION

This study was focused on the comparison of HPLC and
spectrophotometric determination of cholesterol content in
milk. From the results, the following conclusions can be
postulated:

1. The spectrophotometric  determination  is
influenced by the stability and absorbance
characteristics of LB reagent.

2. The results obtained from HPLC and
spectrophotometric determination differed only in
8.8% thus both methods are suitable for analysis
of cholesterol in milk products.

3. HPLC analysis has some advantages over
spectrophotometry, mainly higher sensitivity and
lower LOD and LOQ values, which makes it
more favorable in cholesterol determination in
milk.
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PARAMETERS OF ANTIOXIDANT ACTIVITY OF GALEGA OFFICINALIS L.
AND GALEGA ORIENTALIS LAM. (FABACEAELINDL.) PLANT RAW
MATERIAL

Olena Vergun, Oksana Shymanska, Dzhamal Rakhmetov, Olga Grygorieva, Eva IvaniSova,
Jan Brindza

ABSTRACT

The plant raw material of Galega officinalis L. (goat’s rue) and Galega orientalis Lam. (fodder galega) investigated in this
study. These species are known as fodder crops with high productivity of green mass and as medicine plants. The current
study was aimed to evaluate an accumulation in dry raw of selected plants the total content of phenolic acids (TPA) and
flavonoids (TFC) as compounds with antioxidant activity (AA) by spectrophotometric method. AA by DPPH-method and
phosphomolybdenum method (reducing power (RP)) was measured. Study of ethanolic extracts of G. officinalis showed
accumulation of TPA in different organs in range from 3.65 to 15.17 mg.g"' caffeic acid equivalent (CAE) and TFC from
10.08 to 65.75 mg.g"' quercetin equivalent (QE), AA by DPPH-method from 6.02 to 8.45 mg.g"' Trolox equivalent (TE)
and RP of extracts by phosphomolybdenum method from 86.56 to 288.15 mg TE.g". In extracts of G. orientalis was
identified TPA from 3.52 to 18.52 mg CAE.g" and TFC from 6.09 to 46.72 mg QE.g"', antioxidant activity by DPPH-
method from 6.80 to 848 mg TE.g' and antioxidant capacity by phosphomolybdenum method from 52.52 to
188.51 mg TE.g". It was established that less concentration of studied compounds found in the stems for both species. It
should be noted that the content of phenolic acids in the leaves was decreased and flavonoids in stems increased during
vegetation for both species. Content of phenolic acids in the generative organs and flavonoids in the leaves decreased in
raw of G. orientalis during vegetation. Pearson’s correlation analysis demonstrated very strong relations between TFC and
AA by DPPH, TPA and RP, TFC and RP for G. officinalis extracts. Very strong correlation in the extracts of G. orientalis
found between TFC and RP, TPA and RP. Obtained results can be used in the further biochemical and pharmacological
study.

Keywords: Galega officinalis; Galega orientalis; antioxidant activity; flavonoids; phenolic acids

INTRODUCTION

Study of the antioxidant activity and compounds that
cause it very widespread and actually in modern biological
science (Carocho and Ferreira, 2013; Kumar, Sharma
and Vasudeva, 2017). Plant raw material of medicinal
(Adamkova, Koutimska and Kadlecova, 2015; Vergun
et al., 2019b), food (Frusciante et al., 2007; Mendelova
et al., 2016), forage (Sang et al., 2014; Petrovié¢ et al.,
2016; Vergun et al., 2018), fruit (IvaniSova et al., 2017;
Horcinova Sedlackova et al., 2018; Brindza et al., 2019)
and other plant groups and their products are a valuable
source of antioxidant compounds of different nature.
Leguminous plants (Fabaceae Lindl.) are a perspective
group of crops, which ecological and economic function is
important in agriculture. It is one of the most important
plant families in the production of food for humans and
livestock, as well as in the production of industrial
products. These crops have provided interesting as forage
grasses with high productivity and play an important role

as N fixators (Peiretti, 2009; Teleuti et al., 2015). Plants
from the Fabaceae family are of interest in relation to
biologically active compounds, especially individuals, in
different organs (Danil¢enko et al., 2017).

Among economically important leguminous plants can
be highlight goat’s rue (Galega officinalis L.) and fodder
galega (Galega orientalis Lam.). Plants of species of
Galega L. are valuable perennial and productive crops
with the protein-rich chemical composition of plant raw
material (BaleZentiené, 2008). They widespread in natural
flora and are characterized by high productivity of seeds
(Tkacheva, Vinogradova and Pavlova, 2011). Results
obtained by Peiretti (2009) showed that G. officinalis has
the potential for large-scale ensiling if plants are harvested
at the budding stage or during regrowth. These species
cultivated as medicinal plants due to the biochemical
composition of plant raw material and as garden plants
(BaleZentiené and Spruogis, 2011; Kumar et al., 2012).
As reported Kiselova et al. (2006), plants of G. officinalis
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use in traditional phytotherapy due to hypoglycemic and
diuretic properties. Also, the hypoglycemic and weight-
reducing ability of this species was described in some
reports (Lemus et al., 1999; Hasani-Ranjbar et al., 2009;
Shojaee et al., 2015).

As described in some reports, plants of G. officinalis use
in traditional phytotherapy due to hypoglycemic, diuretic
properties, and weight-reducing ability (Modak et al.,
2007; Hasani-Ranjbar et al., 2009; Shojaee et al., 2015).
These plants as a source of metformin use to treat diabetes
and use in the pharmacology (Umashanker and Shruti,
2011; Khodadidi, 2016; Abhati-Evari et al., 2017;
Luka, Adoga and Istifanus, 2017). Leaves of
G. officinalis are a source of bioactive secondary
metabolites (Pehlivan Karakas, Sahin and Tiirker,
2016a).

Biochemical composition of Galega species raw is
ascorbic acid, carotene, soluble sugars, lipids, protein, ash,
alkaloids, macroelements, ectc. (Symanowicz and
Kalembasa, 2012; Vergun, Shymanska and
Rakhmetov, 2012; Shymanska et al., 2017). Also, the
phytochemicals screening revealed that in aqueous,
methanolic, ethanolic and acetone extracts were found
flavonoids, tannins, cardiac glycosides, triterpenoids, and
steroids. Methanolic extracts of goat’s rue significantly
improved the lipid profile in a clinical study (Peirs et al.,
2006; Luka, Adoga and Istifanus, 2017). As pointed out
Pehlivan Karakas, Yildirim and Tiirker (2012),
different extracts of G. officinalis showed broad-spectrum
activity against both gram-positive and gram-negative
bacteria. Moreover, different extracts of goat’s rue
exhibited cytotoxic, anti-inflammatory and antioxidant
activity (Pehlivan Karakas et al., 2016b).

As reported by Meripdld et al. (2017), the first cut of
G. orientalis advisable to use as a bioenergy crop and the
second cut as forage. Also, fodder galega was the object of
allelopathic study. Experimental evidence obtained by
BaleZentiené (2009) and BaleZentiené and Kusta (2011)
suggests that shoots of fodder galega are the main source
of its allelochemicals, especially at flowering stage. As
emphasizes Ignat, Volf and Popa (2011), the main group
of biochemical compounds among allelochemicals is
phenolic compounds. According to Symanowicz et al.
(2015), nitrogen fertilization significantly increased the
dry matter yield of fodder galega.

Investigations of oxidative properties of Galega species

indicated that plant raw material is the source of
antioxidants with different natures (Maslennikov,
Chupakhina and Skrypnik, 2014; Shymanska et al.,
2018a; Shymanska et al., 2018b). Also, high antioxidant
activity found in the seed extracts (Vergun et al., 2019a).

Nonetheless, it is necessary to carry out a study with
plants of a genus of Galega as a source of important
biologically active compounds. The aim of this study was
to determine the peculiarities of accumulation of
compounds with phenolic nature that can detect the
antioxidant status of investigated plants as important crops.

Scientific hypothesis

Comparative assessment of the accumulation of phenolic
compounds and determination of the antioxidant activity
of two species of Galega L. genus during vegetation.

MATERIAL AND METHODOLOGY

Conditions of plant growing

The plants were grown in 2017 — 2018 at the
experimental fields of the M. M. Gryshko National
Botanical Garden of the NAS of Ukraine in the Kyiv city
(50°24'55"N, 30°33'45"E).

Biological material

Observation on plants was conducted in the experimental
collection of the Cultural Flora Department of M. M.
Gryshko National Botanical Garden of the NAS of
Ukraine (Figure 1). Plant raw material of two species —
Galega officinalis and G. orientalis were collected in the
stages according to Biologische Bundesanstalt,
Bundessortenamt and Chemische Industrie (BBCH)
coding system (Meier, 2018). According to the BBCH
scale, plant samples were taken at the phenological growth
stages described for faba bean (Vicia faba L.). Four
principal growth stages were assigned: leaf development
(19 — nine or more leaves infolded), inflorescence
emergence (50 — flower buds present, still enclosed by
leaves), flowering (65 — full flowering: flowers open on
5 racemes per plant), and ripening (80 — beginning of
ripening: seed green, filling pod cavity). For chemical
analyses plant raw material was dried at 35 °C for three
days (Miiller and Heindl, 2006). After this, the samples
were milled in the powder condition. All biochemical
analyses were done in the Slovak University of Agriculture

. 2
Figure 1 Galega officinalis L. and

Galega orientalis Lam. in the stage of flowering.
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in Nitra (Slovak Republic).

Sample preparation

For planned analyses, 0.2 g of milling fraction was
extracted with 20 mL of 80% ethanol for 24 hours. After
centrifugation at 4000 g with Rotofix 32 A (Hettich,
Germany) for 20 min, the supernatant was used for
measurement (phenolic acids, flavonoids, antioxidant
activity by DPPH-method and reducing power of extracts).

Total phenolic acid content (TPAC)

The content of phenolic acids was determined using
Farmakopea Polska (1999). 0.5 mL of sample extract
was mixed with 0.5 mL of 0.5 M hydrochloric acid,
0.5 mL Arnova reagent, 0.5 mL of 1 M sodium hydroxide
(w/v) and 0.5 mL of distilled water. Absorbance at 490 nm
was measured using the spectrophotometer Jenway
(6405 UV/VIS, England). Caffeic acid 1 — 200 mg L
(R’ = 0.999) was used as a standard. The results were
expressed in mg.g”' caffeic acid equivalents (CAE).

Total content of flavonoids (TFC)

Analise was conducted according to the procedure which
was described by Shafii et al. (2017). 0.5 mL of sample
extract was mixed with 0.1 mL of 10% (w/v) ethanolic
solution of aluminium chloride, 0.1 mL of 1 M sodium
acetate and 4.3 mL of distilled water. After 30 min. in
darkness the absorbance at 415 nm was measured using
the spectrophotometer 6405 UV/VIS (Jenway, England).
Quercetin 0.01 — 0.5 mg L™ (R’ = 0.997) was used as the
standard and the results were expressed in mg.g" quercetin
equivalents (QE).

Antioxidant activity (AA)

Radical scavenging activity of samples was measured
using 2,2-diphenyl-1-picrylhydrazyl (DPPH) according to
Sanchéz-Moreno, Larrauri and Saura-Calixto (1999)
with slight modification. The ethanol extract (1 mL) was
mixed with 4 mL of DPPH solution (0.025 g of radical in
100 mL of ethanol). The absorbance of the sample extract
was determined using the spectrophotometer Jenway
(6405 UV/VIS, England) at 515 nm. Trolox
(6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid)
10 — 100 mg L (R’ = 0.983) was used as a standard and
the results were expressed in mg.g”" Trolox equivalents
(TE).

Reducing power of extracts

Reducing power of extracts was determined by the
phosphomolybdenum method of Prieto, Pineda and
Aguilar (1999) with slight modifications. The mixture of
I mL of sample, 2.8 mL of monopotassium phosphate
(0.1 M), 6 mL of sulfuric acid (1 M), 0.4 mL of
ammonium heptamolybdate (0.1 M) and 0.8 mL of
distilled water was incubated at 90 °C for 120 min, then
rapidly cooled and detected by monitoring absorbance at
700 nm using the spectrophotometer Jenway
(6405 UV/VIS, England). Trolox 10 — 1000 mg L
(R? = 0.998) was used as the standard and the results were
expressed in mg.g”"' TE.

Statistical analysis

The statistically treated data are given in tables as the
arithmetical mean values and their standard errors. Data
were submitted ANOVA and differences between means
compared through the Tukey-Kramer test (o = 0.05).
Correlation analysis was performed using Pearson’s
criterion.

RESULTS AND DISCUSSION

Antioxidant compounds common nowadays play an
important role in protecting factors that explain reducing
the risk of different chronic diseases and belong to various
classes of biochemical compounds. Phenolic compounds
are widespread secondary metabolites in plant extracts,
and it possesses various biological activities such as
antioxidant, anticarcinogenic, antimicrobial, antiallergic,
antimutagenic, anti-inflammatory etc. (Tatiya et al., 2011;
Najafabad Morabbi and Jamei, 2014). In addition, they
play an important role in plant resistance (Kulbat, 2016).
The antioxidant compounds are the natural defense system
to protect the plants from abiotic and biotic stresses such
as salinity and drought. They play a key role in defense
mechanisms against the free radicals which cause the
deleterious effect to plant organisms (Govindaraj et al.,
2017). A high level of antioxidant agents in medicinal
plants can be proposed as an effective therapeutic
approach (Saeed, Khan and Shabbir, 2012).

Phytonutrients found in different parts of plants are
powerful antioxidants, especially compounds with
phenolic nature. Polyphenol compounds from many
legumes can be represented by different compounds such
as phenolic acids (gallic, ellagic), hydrolyzable tannins
(AKkbarirad et al., 2016). In some studies, flavonoids
indicated as the main components responsible for
antioxidant capacity (Zhang et al.,, 2012). It is a large
group of secondary metabolites, which play a variety of
significant functions in plants. They play a role as signal
molecules, phytoalexins, detoxifying agents, as UV -filters,
pollinator attractants etc. (Samanta, Das and Das, 2011).
Moreover, as summed up by Asif (2015), flavonoids
exhibit a wide spectrum of biological activity such as
antioxidant, antibacterial, antiviral, anti-inflammatory,
anti-allergic, anti-thrombotic.

Antioxidant activity of plant extracts can be measured by
different methods. Free radical scavenging activity by
DPPH method is a simple assay for antioxidant activity
evaluation (Marinova and Batchvarov, 2011; Tatiya et
al., 2011; Shekhar and Anju, 2014). DPPH radical shows
the reduction capability by the decrease in absorbance
induced by investigated plant extract. In our study
reducing power of plant extracts measured with Trolox as
standard while its can be, for example, ascorbic acid
(Tatiya et al., 2011).

In Table 1 and Table 2 are shown data of accumulation of
total phenolic acids and total flavonoids content in
vegetative and generative organs of G. officinalis and G.
orientalis during vegetation. Polyphenol compounds can
form several hydrogen bonds and even ionic bonds with
most proteins. They modulate the activity of many
proteins, involving enzymes, ion channels, etc. As
a consequence, many polyphenols are pharmacologically
active, being among antioxidants, anti-inflammatory,
antibacterial, antifungal, and antiviral (Wink, 2013).
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Maslennikov, Chupakhina and Skrypnik (2014)
reported that G. officinalis leaves contain 3.6 mg GAE.g”'
of polyphenol compounds. According to Tusevski et al.
(2014), this parameter for G. officinalis plants was
32.53 mg GAE.g". Pehlivan Karakas, Sahin and Tiirker
(2016a) obtained twenty phenolics compounds from
methanolic leaves extracts of G. officinalis. The total
phenolic content, in this case, was 36.69 mg.g" of dry
extract. According to Salata and Gruszecki (2010), roots
and leaves in vegetative stages of plants contained
considerably more phenolic acids than the beginning of the
flowering period, while in leaf nodes more polyphenolic
compounds were marked during flowering than at the
vegetative stage. Total phenolic acids in plant raw material
of investigated G. officinalis plants were in the range from
3.65 to 15.17 mg CAE.g" depending on the phase of
growth (Table 1).

Flavonoids belong to derivates of simple phenols, and
their synthesis increases at the stress conditions due to
microbial infections, injury, deficiency of nutrients,
changing of temperature, etc. (Kulbat, 2016). Flavonoids
are biologically active compounds that possess the ability
to capture radicals and play a significant role in agriculture
and pharmaceutical chemistry as anti-hyperglycemic, anti-
cancerous, anti-allergic, anti-viral, immune-stimulating
activity (Sulaiman et al., 2013; Marella, 2017).

The level of flavonoid accumulation in raw of
G. officinalis during vegetation was in the range from
10.08 to 67.75 mg QE.g". The study of Tusevski et al.
(2014) resulted that the concentration of flavonoids in this
plant was 8.95 +0.13 mg CAE.g™.

As shown in Table 2 phenolic acid content of
G. orientalis plant raw material ranged from 3.52 to
18.52 mg CAE.g" during vegetation. The concentration of
flavonoids ranged from 6.09 to 46.72 mg QE.g'.
According to BaleZentiené (2009) report, the highest total
content of phenols was determined at the budding stage
which was characterized as the most intensive growth
period of the plant shoot.

Also, it should be noted that minimal content of phenolic
acids and flavonoids in the plant raw material of both
investigated species during vegetation was identified in
stems. Obtained data showed that higher accumulation of
investigated biochemical parameters was different for two
species. So, flavonoids content for G. officinalis were
maximal in inflorescences and phenolic acids — in leaves
(inflorescence emergence stage). For G. orientalis total
content of phenolic acids and flavonoids was maximal in
leaves (inflorescence emergence stage).

There are a great number of methods for the
determination of antioxidant capacity based on different
principles. One of them is the DPPH method that is rapid,
simple, and accurate (Marinova and Batchvarov, 2011;
Pisoschi et al., 2016). The method is based on the
scavenging of DPPH through the addition of a radical
species or antioxidant that decolorizes the radical solution

(Saeed, Khan and Shabbir, 2012). Trolox Equivalent
Antioxidant Capacity assay is widely used to evaluate the
antioxidant property of investigated products (Kumar,
Sharma and Vasudeva, 2017). Figure 2 demonstrates the
antioxidant capacity by DPPH-method of plant raw
material of Galega species during vegetation.

We found that the antioxidant activity of investigated
ethanol extracts of G. officinalis was in the range from
6.02 to 8.45 mg TE.g"'. For G. orientalis extracts this
parameter ranged from 6.80 to 8.48 mg TE.g™.

Also, the antioxidant capacity can be illustrated by the
reducing power of investigated extracts as an important
indicator. According to some studies, there is some
connection between antioxidant activity and reducing
power (Zhang et al.,, 2012). In our experiment extracts
analyzed spectrophotometrically through the
phosphomolybdenum method, based on the reduction of
Mo (VI) to Mo (V) (Kumar, Sharma and Vasudeva,
2017; Saeed, Khan and Shabbir, 2012; Ravishankar,
Kiranmayi and Prasad, 2018). The present study
demonstrated that ethanol extracts of G. officinalis and
G. orientalis had antioxidant activity during vegetation
ranged between 86.56 — 288.15 and 5252 -
188.51 mg TE.g", respectively (Figure 3).

Correlation analysis was used to explore the relationships
between the polyphenols, phenolic, flavonoids compounds
and  antioxidant  capacities (by DPPH  and
phosphomolybdenum methods) measured for all plant
extracts of Galega officinalis and Galega orientalis (Table
3, Table 4). The results of this study have demonstrated
that investigated antioxidant components in two species of
Galega L. had a correlation between different parameters
of an experiment during vegetation. In the period of
inflorescence emergence we found a very strong
correlation between TPA and TF for both G. officinalis
and G. orientalis (0.985 and 0.950 respectively). Very
strong correlation found between AA by DPPH and RP of
extracts for G. officinalis. The relation between TPA
accumulation and RP and TFC and RP was moderate for
G. officinalis (0.433 and 0.583 respectively). For
G. orientalis in this period between TPA and RP was
strong relation (0.750) and between TFC and RP very
strong (0.919). In the period of flowering indicated that
very strong correlation found for both species between
TFC and RP. Dramatically strong correlation detected
between TFC and AA by DPPH (0.999) for G. officinalis
in this stage. However, in this case for G. orientalis found
a very weak correlation (0.033). Also, very strong relations
found between TPA, TFC and RP for G. officinalis
(0.924 and 0.851 respectively). In this case values of
coefficient of correlation were 0.670 (strong) and
0.953 (very strong) for G. orientalis. Different values
found for two species regarding the relation between AA
by DPPH and RP (very strong for G. officinalis and weak
for G. orientalis).
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Table 1 The total content of phenolic acids and flavonoids in plant raw material of Galega officinalis L. during
vegetation.

Phase Organ Total phenolic acids, Total flavonoid content,
of growing of plant mg CAE.g" mg QE.g"!

Leaf development aerial part 14.13+0.89° 4427+2.97°
Inflorescence leaves 15.17+0.12° 55.61 £0.75°
emergence stems 6.47+0.20 10.08 £0.94 <
buds 12.44 £0.07 ° 48.91+1.14°

Flowering leaves 11.62+£0.25° 4491 +1.12°
stems 3.65+0.24 ¢ 13.18 £0.86 ©

inflorescences 7.70 £0.48 67.75£5.05°

Ripening leaves 10.15+0.28 ° 32244029 ¢
stems 9.6240.19° 24.78 £0.57 ¢

fruits 5.89+0.29 ° 16.86 £0.55 ©

Note: Means in columns followed by different letters are different at p = 0.05; each value represents the mean of three
independent experiments (+SD); GAE — gallic acid equivalents; CAE — caffeic acid equivalents; QE — quercetin
equivalents.

Table 2 The total content of phenolic acids and flavonoids in plant raw material of Galega orientalis Lam. during
vegetation.

Phase Organ Total phenolic acids Total flavonoid content
of growing of plant mg CAE.g'1 mg QE.g"
Leaf development aerial part 16.73 £0.52 * 38.79 +0.83 °
Inflorescence leaves 18.52+1.64° 46.72 +£0.26 °
emergence stems 437+0.19¢ 6.09 £0.67 ©
buds 10.89 £0.77 ° 36.21£0.55°
Flowering leaves 16.12+0.19* 40.09 +0.48 *
stems 3.52+0.39 ¢ 6.74+0.51 ¢
inflorescences 7.38 +£0.16 ° 32.63 +0.79
Ripening leaves 12.57 +0.38 ° 35.59+0.48 °
stems 4.05+0.30 ¢ 14.47 £0.46 ¢
fruits 4.25+0.24 ¢ 9.29 £0.44 ¢

Note: Means in columns followed by different letters are different at p = 0.05; each value represents the mean of three
independent experiments (=SD); CAE — caffeic acid equivalents; QE — quercetin equivalents.
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Figure 2 The antioxidant activity of ethanol extracts of Galega officinalis L. and G. orientalis Lam. by DPPH-method
during vegetation. Note: LD — leaf development; IE-I — inflorescence emergence, leaves; IE-s — inflorescence emergence,
stems; [E-b — inflorescence emergence, buds; F-1 — flowering stage, leaves; F-s — flowering stage, stems; F-fl — flowering
stage, inflorescences; R-1 — ripening, leaves; R-s — ripening, stems; R-fr — ripening, fruits; means in columns followed by
different letters are different at p = 0.05; each value represents the mean of three independent experiments (£SD).
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Table 3 Coefficient of correlation between investigated parameters of Galega officinalis L. extracts during vegetation.

Characters TPAC TFC DPPH
Inflorescence emergence stage
TFC 0.985%* 1
DPPH -0.120 0.055%* 1
RP 0.433* 0.583 0.843
Flowering
TFC 0.587 1
DPPH 0.548* 0.999 1
RP 0.924* 0.851* 0.825
Ripening
TFC 0.924 1
DPPH -0.247 -0.598* 1
RP 0.551* 0.828* -0.945

Note: Significant according to the t-test (p <0.05).

Table 4 Coefficient of correlation between investigated parameters of Galega orientalis L. extracts during vegetation.

Characters TPA TFC DPPH
Inflorescence emergence stage

TFC 0.950 1

DPPH -0.929* -0.768 1

RP 0.750* 0.919* -0.454*
Flowering

TFC 0.863* 1

DPPH -0.476 0.033* 1

RP 0.670* 0.953 0.334
Ripening

TFC 0.979%* 1

DPPH -0.941 -0.852* 1

RP 0.880* 0.959 -0.669*

Note: Significant according to the t-test (p <0.05).
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Figure 4 The reducing power of ethanol extracts of Galega officinalis L. and G. orientalis Lam. during vegetation.
Note: LD — leaf development; IE-l1 — inflorescence emergence, leaves; IE-s — inflorescence emergence, stems; IE-b —
inflorescence emergence, buds; F-1 — flowering stage, leaves; F-s — flowering stage, stems; F-fl — flowering stage,
inflorescences; R-l1 — ripening, leaves; R-s — ripening, stems; R-fr — ripening, fruits; means in columns followed by
different letters are different at p = 0.05; each value represents the mean of three independent. experiments (£SD).
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At the period of ripening determined the very strong
correlation between TPA and TFC, TFC and RP for both
investigated species. Correlation between TPA and RP was
moderate for G. officinalis (0.551) and very strong for
G. orientalis (0.880). It should be noted that for both
species was found a negative correlation between TPA and
AA by DPPH, TFC and AA by DPPH, and between AA
by DPPH and RP. The direction of correlation between
antioxidant components depends on them nature, thus,
different types of phenolics possess different antioxidant
activity (Vamanu et al., 2011).

According to previous studies, it should be noted that
phenolic extracts exhibited different antioxidant activity
that depends on their structure (Tatiya et al., 2011). The
study of relationships between phenolic compounds and
antioxidant activity demonstrated a significant correlation
(Li, Wu and Huang, 2009). Some results, also, not
confirmed correlations between the content of phenolic
compounds and antioxidant activity (Vamanu et al.,
2011). Moreover, according to Vamanu et al. (2011),
reducing power and antioxidant activity correlated with
extract concentration. In some cases, there wasn’t found
relationship between phenolic compounds content and
antioxidant activity.

CONCLUSION

Based on the results obtained in this study concluded that
two investigated species of Galega L. as medicine and
forage cultures characterized by plant raw material with
high antioxidant activity. The maximal content of phenolic
acids for both investigated species was found in the leaves
in the period at the inflorescence emergence, flavonoids in
inflorescences at the flowering stage for G. officinalis and
in the leaves at the inflorescence emergence period for
G. orientalis. The least content of phenolic acids and
flavonoids identified in the stems of both investigated
species. Ethanolic extracts of stems of G. officinalis and
G. orientalis plants exhibited the most antioxidant activity
at the ripening stage by DPPH-method. Reducing power of
ethanol extracts was higher for G. officinalis in the buds,
for G. orientalis in the inflorescences. Pearson’s
correlation analysis (at p <0.05) showed very strong values
of coefficient of variation between TFC and AA by DPPH
(0.999), TPA and RP (0.924), TFC and RP (0.828) for
G. officinalis depending on the stage of growth. The
highest correlation found in extracts of G. orientalis
between TFC and RP at every investigated stage (0.919,
0.953, and 0.959), between TPA and RP (0.880). Obtained
results demonstrated that two investigated species of
Galega are a good source of antioxidant compounds with
polyphenol nature such as phenolic acids and flavonoids.
These data can provide further information about an
accumulation of flavonoids and phenolic acids in Galega
spp. raw that possess antioxidant activity and also can be
used in pharmacological investigations.
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COMPARISON OF THE PHYSICO-CHEMICAL MEAT QUALITY OF THE
BREEDS MANGALITSA AND LARGE WHITE WITH REGARD TO THE
SLAUGHTER WEIGHT

Ivan Imrich, Eva Mlynekova, Juraj Mlynek, Marko Halo, Tomas$ Kanka

ABSTRACT

The aim of this study was to compare the quality of musculus longissimus dorsi in the breeds of Mangalitsa and Large
White with regard to the slaughter weight. Large White (LW) breed and White Mangalitsa (Ma) breed were used in the
experiment. The system of housing and feeding was the same in both of the monitored breeds. The pigs were fed with the
same feeding mixture ad libitum. According to the slaughter weight, the pigs were divided into three groups: up to 100 kg,
101 — 110 kg and over 110 kg. The breed Ma had a significantly lower drip loss than the breed LW. Evaluating the color of
the meat, the LW breed has showed significantly higher L* (lightness, white +black) and lower a* (redness, red + green)
values than the Ma breed. Within the chemical meat composition, the Ma breed had a significantly higher water content in
MLD compared to the LW breed. Generally, there were no major differences in the meat quality between the Mangalitsa
and Large White breeds. Finally it can be concluded that the breed Mangalitsa showed more favorable values of the
physico-chemical indicators. Comparing the quality of the meat with regard to the slaughter weight, there were no large
differences between individual weight groups. A higher slaughter weight has positively influenced mainly the color of the
meat, as pigs weighing more than 110 kg achieved a significantly lower value of L* and a higher value of a* in comparison
to pigs of the lower weight. As a positive effect of a higher slaughter weight can be considered its effect on the protein
content in the meat, as pigs weighing over 100 kg have a significantly higher protein content in the meat than pigs

weighing below 100 kg.

Keywords: Large White; Mangalitsa; pork quality; slaughter weight

INTRODUCTION

Pork quality has become a primary focus for producers,
researchers, packers, processors, retailers, and ultimately,
consumers (Newcom et al., 2004). In the last few years,
consumers and the meat industry have emphasized the
descending quality of the pig meat offered, such as a high
frequency of pale, soft and exudative (PSE) fault
expressed by a high drip loss and low water-holding
capacity, unacceptable taste of pork, and a low content of
the intramuscular fat (Florowski et al., 2006). The meat
quality is evaluated according to the quality parameters,
such as the pH, color, or the intramuscular fat content.
Meat color is one of the main quality properties, which
influences consumer's acceptance, but also reflects the
quality of meat (Alonso et al., 2009). Moreover, the meat
classification based on the pH and color directly in the
cutting plant could help to separate the low-quality meat
(Bednarova et al. 2014). There are many factors that
influence the final quality of meat, e.g. animal nutrition,
transportation, handling and stunning, but it is well-known

that the breed itself can affect the pork quality (Gil et al.,
2008; Pascual et al., 2007; Simek et al., 2004).

Meat and the meat products from the autochthonous pigs
are highly appreciated by consumers because of their high
sensory quality (Zivkovié et al., 2012). A high amount of
the intramuscular fat, great concentrations of the heme
pigments and high levels of unsaturated fatty acids have
been highlighted as some of the most relevant quality
aspects in the muscles of the autochthonous pig breeds
(Stanisi¢ et al., 2015).

The slaughter weight is considered an important factor
determining the economic profitability of the pork
production. Some disadvantages caused by the increased
slaughter weight are related to the reduced pig
performance, feed conversion efficiency, and excessive fat
thickness (Serrano et al., 2008). From the point of view of
the meat quality, the slaughter weight has shown some
effects on the meat color, since the darker and redder
colors were found in the pork meat at increasing the
slaughter weight (Ellis et al., 1996; Latorre et al., 2004).
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Additionally, the intramuscular fat content was found to
increase with the increased slaughter weight from 100 to
130 kg (Weatherup et al., 1998). However, the slaughter
weight has not shown any effects on the total protein, salt-
soluble protein, and instrumental colors or marbling scores
(Serrano et al., 2008; Sutton et al., 1997).

Considering the fact that quality of pork may be
significantly influenced by a genotype, but also by the
weight at slaughter, the aim of this study was to evaluate
the physico-chemical parameters of pork of the Mangalitsa
and Large White breeds with regard to the slaughter
weight.

Scientific hypothesis

We have assumed that the Mangalitsa breed meat will
have better physico - chemical parameters compared to the
Large White breed and that a higher slaughter weight will
have a positive impact on the meat quality indicators.

MATERIAL AND METHODOLOGY

Biological material

In the experiment, a total of 20 pigs were analysed, 12
pigs of the breed Large White (LW) and 8 pigs of the
breed White Mangalitsa (Ma). The pigs were bred on the
pig farm in the village of Zirany (Slovakia).

Feeding and rearing conditions

The housing and feeding systems were the same for both
breeds. The pigs were bred under the intensive breeding
conditions, while they were housed in groups so as to
comply with the requirements for the minimum housing
area according to Government Regulation (SR) no.
735/2002 Coll., laying down the minimum standards for
the protection of pigs (NCSR, 2002). There was a concrete
floor in the pens, covered with the wheat straw. The
temperature in the stables was kept at 18 — 20 °C. The air
exchange in the stables was realized by a vacuum
ventilation system. Water and feed intake in both breeds
was ad libitum. Feeding of the pigs was provided by the
automatic feeders designed for a dry compound feed,
which was granulated in order to reduce dustiness. Nipple
drinkers were used for watering. The nutritional
composition of the used commercial feed mixture was as
follows: crude protein 164.63 gkg™, crude fat 36.25 g.kg™,
crude fiber 48.89 gkg', ash 39.69 gkg', nitrogen free
extract 710.53 gkg”', metabolisable energy 13.10 MJI.kg"
(the data represent the proportion of individual
components in the dry matter of the analyzed feed).

Sampling

After reaching the slaughter weight, the pigs were
transported to the Experimental Center of Livestock at the
Department of Animal Husbandry of the Slovak
University of Agriculture in Nitra, where they were killed
and subsequently analyzed. The slaughter was realized
according to Government Regulation (SR) no. 432/2012 of
the Coll. Of the Slovak Republic, establishing the
protection of animals during the slaughter (NCSR, 2012).
The meat quality parameters were evaluated in the longest
back muscle MLD (musculus longissimus dorsi) at the
level of the last thoracic vertebra in the right carcass half.

Analysis of the physical indicators

The values of pH 45 minutes (pHys) and 24 hours (pHy4)
post mortem were measured by the pH meter HI99161
(Hanna Instruments, Romania) in the units -log;o[H']. The
electric conductivity was determined 45 minutes (ECys)
and 24 hours (ECyy) post mortem by using the instrument
Quality Meter (Tecpro, Germany) in the unit mS.cm™. The
drip losses in MLT were measured from 24 to 48 h post
mortem by the method according to Honikel (1998). The
meat color was measured in MLD 24 hours post mortem
by using the spectrophotometer CM-2600d with the CIE
Lab space and illuminate D65 (Konica Minolta, Japan).
Commission Internationale de 1'Eclairage (1975)
determined the following color coordinates: L* (lightness,
white + black), a* (redness, red + green) and b*
(yellowness, yellow + blue). The values were recorded
from the average of three random readings across the
muscle surface.

Analysis of the chemical indicators

The basic chemical parameters were determined from a
homogenized muscle sample musculus longissimus dorsi
by the FT IR method (FourierTransform InfraRed) using
the Nicolet 6700 device (Thermo Scientific, USA). The
content of water (%), protein (%), intramuscular fat - IMF
(%) and cholesterol (mg.100g™") were determined in the
meat sample.

Statistical analysis

Statistical analysis of the obtained results was performed
in the IBM (2011) SPSS Statistics 20 Program (IBM corp.,
New York). The Univariate Analysis of Variance
(UNIANOVA) was used to assess the effect of genotype
and the slaughter weight on the monitored meat quality
parameters, with testing the contrasts by means of the
Scheffe test at the level of significance p <0.05. The
analysis was performed according to the following model
equation:

Yik=p + Bi +SW; + ejx

where Yjj is an indicator of the meat quality, p is the
overall mean, B; is the fixed effect (n = 2; Mangalitsa,
Large White), SWj is the fixed effect slaughter weight (n =
3; SW up to 100 kg, SW from 101 to 110 kg, SW over 110
kg), ejj is the random error. The Pearson correlation
coefficient was wused to calculate the correlation
dependencies between the selected monitored indicators.

RESULTS AND DISCUSSION

Comparison of the physical meat quality indicators in
MLD of the slaughtered pigs is shown in the Table 1.
Analysis of the physical indicators has shown that the
breed and the live weight have any effect on pHys, pHa,
ECys, ECy4, and the color range b*. Mangalitsa achieved
higher pHys values (6.26 +0.20) compared to Large White
(6.12 £0.22). Similarly, Lipova et al. (2019) and Tomovié¢
et al. (2016) found out that Mangalitsa achieved higher
pHys values than its crossbreeds and the Large White
breed. The highest pHys values were reached by the pigs
with a live weight over 110 kg (6.32 £0.32).
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Table 1 Comparison of the physical meat quality indicators m. longissimus dorsi.

Breed (B) Slaughter weight (SW) Significance

Parameter Ma(n=12) LW ®m=8) to100kg (n=4) 101-110 kg (n=12) over 110 kg (n=4) B SW R
Mean + SD Mean + SD Mean = SD Mean = SD Mean = SD

pHys 6.26 £0.20  6.12 £0.22 6.21 £0.10 6.17 £0.21 6.32 £0.32 ns. ns. 0.15
pHy4 5.63+0.07 5.69 +0.12 5.61 £0.03 5.68 £0.11 5.63 £0.04 ns. ns. 0.13
ECys 3.50+0.34 3.38+0.32 3.45£0.40 3.42 £0.36 3.55+0.17 ns. ns. 0.05
EC,, 11.32+3.10 11.08 +5.07 12.00 +£3.23 11.98 +4.26 8.15+1.56 ns. ns. 0.23
Drip loss 7.57+0.88 10.13 +£2.72 7.89 £0.14 9.15+2.73 7.64 £0.19 * ns. 035
CIEL*  51.71+2.84 5875+1.85  54.8542.16" 56.03 +4.40 49.68 £0.82°  *¥x k(85
CIE a* 3.52+£1.96  0.59 £0.65 1.32 £0.29° 1.68 £1.90° 5.38 +0.08" Rk kRE (.87
CIE b* 10.79 £1.22 10.44 +0.42 10.43 £0.79 10.48 £1.11 11.38 £0.28 ns. ns. 0.15

Note: Ma: Mangalitsa, LW: Large White, n.s.: not significant, *: p <0.05, **: p <0.01, ***: p <0.001, different letters in the
same row indicate significant differences among the mean values (p <0.05), R’: coefficient of determination.

24 hours after slaughter, the pH,4 values dropped to 5.63
+0.07 in Mangalitsa and to 5.69 +0.12 in Large White.
Similar pH,4 values were found in MLD in the breed Ma
(5.69 £0.07) and in the hybrids of Ma x LW (5.68 £0.11)
by Lipova et al. (2019). Alonso et al. (2009) found the
pH»4 values of various commercial hybrids at the level of
5.70 - 5.74. Contrary to these findings, StaniSi¢ et al.
(2015) found higher MLD muscle acidification 24 hours
post mortem in Mangalitsa at the level of 5.47 £0.07 and in
Landrace at the level of 5.47 £0.10. In accordance with the
results of our study, Ba et al. (2019) did not detect any
significant differences in pH,4 values in relation to the pig
weight.

Electric conductivity, 45 minutes after slaughter (ECys),
was recorded in the breed Ma (3.50 +£0.34 mS.cm™) and
LW (3.38 £0.32 mS.cm™). After 24 hours, there was a
significant increase in the electric conductivity (EC,4) to
11.32 +3.10 mS.cm™ for Ma and 11.08 +£5.07 mS.cm™ for
LW. Lower EC,, values in the breed Ma
(9.31 +1.91 mS.cm™) and the crossbreeds Ma x LW
(10.86 +2.25 mS.cm™) were found by Lipova et al.
(2019). In the commercial hybrids, Morlein et al. (2007)
found in the study the value EC,, at the level 6.24 £2.32
mS.cm™. In assessing the meat quality deviations, the ECa4
values at the level of 7 mS.em”’ and 9 mS.cm’,
respectively, were used as the criterion for the PSE meat
(pale, soft, exudative). It follows from the above that some
individuals of both monitored breeds have shown
deteriorated meat quality in this indicator. In terms of
comparing pigs by their live weight, the EC,4 values were
decreasing with the weight gain.

In the drip loss indicator, the Ma breed (7.57 £0.88%)
had a significantly lower drip loss (p <0.05) than the LW
breed (10.13 +2.72%). No significant differences were
found within the weight groups and the confidence of
estimation was 35% (R’ = 0.35). Lipova et al. (2019)
found similar drip loss values for the Ma breed (7.15
+2.99%) and the higher ones for the Ma x LW hybrid
(8.22 £2.78%). Morlein et al. (2007) and Fischer et al.
(2000) found out that the smallest drip loss was reported
by the crossbreeds that contained the breed Duroc.

Color is considered an important indicator of the pork
quality, as it is one of the most important characteristics
affecting consumers’ ratings of meat (Valous et al., 2010).
The analysis of the L* values has shown that both the

breed (p <0.001) and the live weight (p <0.01) had a
significant effect on the meat lightness, with a confidence
estimate of 85 (R = 0.85). The LW breed had a lot lighter
meat than the Ma breed (58.75 £1.85 vs. 51.71 £2.84) and
the pigs weighing over 110 kg had significantly darker
meat than the lower weight pigs (p <0.05). The a*
indicator, representing the meat redness, has also shown a
significant effect of the breed (p <0.001) and the live
weight (p <0.001), the reliability of the estimate was at
87% (R’ = 0.87). Meat of the Ma breed was redder
compared to the LW breed (3.52 £1.96 vs. 0.59 £0.65) and
the pigs weighing over 110 kg had significantly redder
meat compared to the lower weight pig groups (p <0.05).
Neither the breed nor live weight had a significant effect
on the indicator b*, which represents the yellowness of the
meat. Several authors have found out, when comparing the
meat color of the Ma breed with other breeds, respectively
with the hybrids of the mangalitsa breed, that the meat of
the Ma breed is darker and redder, which is in accordance
with our results (Lipova et al., 2019; Tomovi¢ et al.,
2016; Tomovi¢ et al., 2014). Ba et al. (2019) comparing
the meat color depending on the slaughter weight of the
pigs found any significant differences in the meat lightness
(L*). In the a* and b* indicators pigs with a higher
slaughter weight (120 kg) had significantly redder and
yellower meat than the pigs weighing 100 kg. Similarly,
Latorre et al. (2004) found a higher a* value in MLD of
the pigs killed at a higher weight (132 kg) compared to the
pigs that were killed at a lower weight (116 kg). Contrary
to our results, Correa et al. (2006) and Serrano et al.
(2008) found no significant differences in the meat color
depending on the weight of the slaughter pigs.

The basic chemical composition and cholesterol content
are shown in the Table 2. The Ma breed had a significantly
higher water content in MLD (p <0.05) compared to the
LW breed (70.42 £0.41% vs. 69.22 +1.51%). However,
the slaughter weight have any effect on this indicator and
the reliability of the estimate was at the level of 31%
(R’ = 0.31). In contrast, the genotype (n.s.) have any
influence on the the protein content of MLD, but the
slaughter weight (p <0.05), with a confidence estimate of
53% (R’ = 0.53). Pigs weighing up to 100 kg had
a significantly lower protein content in meat
(24.32 +0.01%) than the pigs of higher weight. The weight
categories 101 — 110 kg and over 110 kg had similar
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Table 2 Basic chemical composition of the meat and cholesterol content in m. longissimus dorsi.

Breed (B) Slaughter weight (SW) Significance
Parameter Ma(n=12) LW®m=8) to100kg(n=4) 101-110 kg (n=12) over 110 kg (n=4) B SW R’
Mean =+ SD Mean = SD Mean = SD Mean = SD Mean = SD
Water 70.42 £0.41 69.22 £1.51 70.23 £0.59 69.72 £1.42 70.29 £0.18 * ns. 031
Protein 24.64 £0.35 25.02+0.27  24.32+0.01° 24.9240.31° 24.87+0.37° ns. * 0.53
IMF 1.34+0.38  0.98+0.24 1.56 £0.20 1.07 £0.40 1.22 +£0.03 ns. ns. 0.35
Cholesterol 44.17+5.77 40.00 £2.14 47.50 +£0.58 40.50 +5.45 43.50 +0.58 ns. ns. 0.33

Note: Ma: Mangalitsa, LW: Large White, IMT: intramuscular fat, n.s.: not significant, *: p <0.05, different letters in the
same row indicate significant differences among the mean values (p <0.05), R’: coefficient of determination.

protein content in MLD +0.31% and
24.87 £0.37%)).

The opposite tendency of the slaughter weight influence
on the protein content was found by Ba et al. (2019) and
Raj et al. (2010), who recorded a significantly lower
protein content in the pigs of the greater weight (110 — 130
kg) than in the pigs of the lower weight (90 — 110 kg). The
differences between breeds were not conclusive
(Ma: 24.64 £0.35%, LW: 25.02 +£0.27%). Parunovi¢ et al.
(2013) found a higher proportion of water in MLD of the
Swedish Landrace (72.70%, p <0.001) than in the
Swallow-bellied Mangalitsa breeds 64.30% and the White
mangalitsa 62.70%, while the difference in water content
among the mangalitsa breeds was not significant. Kim et
al. (2016) found the water content in MLD for the
Berkshire breed at the level of 75%. Hollo et al. (2003)
found that different slaughter weight had no effect on the
water content of the MLD muscle of the Mangalitsa breed.
The water content was 68.80 £2.01% in the pigs weighing
91.64 £2.41 kg and 68.96 £2.60%, in those with the
weight of 114.14 £7.70 kg, which is comparable to our
results.

Regarding the protein content in MLD, the differences
between  the  breeds were  not significant
(Ma: 24.64 £0.35%, LW: 25.02 £0.27%). Contrary to our
results, several authors found a lower protein content in the
Mangalitsa breed, ranging from 19.50% to 21.83%
(Tomovié et al., 2016; Stanisi¢ et al., 2015; Parunovié et
al. 2013; Holl6 et al., 2003). Vice versa, Lipova et al.
(2019) found a similar protein content in Mangalitsa

(24.92

(24.15 £0.66%). Also, in the meat breeds and crossbreeds,
there are not clear results of protein content in MLD.
Tomovi¢ et al. (2016) found a protein content of
21.82 £ 0.12% in the Large White breed, Parunovic et al.
(2013) in the Swedish Landrace 22.10%, Ruusunen et al.
(2012) in various breeds in Scandinavia 21.8 to 22.9%,
Kamenik, Salikova and KasSpar (2018) in the Danish-
Norwegian breed Topigs 24.40%, StaniSi¢ et al. (2015) in
Landrace 23.43 £1.71%.

An important indicator which affects the taste properties
of meat is the content of the intramuscular fat (IMF).
According to Fortin, Robertson and Tong (2005), the
optimal IMF content in meat is 1.5 to 2.5%. The Ma breed
had a higher IMF content (1.34 +0.38%) compared to the
LW breed (0.98 +0.24%), but this difference was not
statistically ~ significant. ~ Similarly, no significant
differences were observed among groups with different
slaughter weights. The IMF content was relatively low in
both breeds compared to other authors, e.g. as far as the
Ma breed is concerned, Ender et al. (2002) found the IMF
content 9.00%, Hollo et al. (2003) 8.38%, Stanisi¢ et al.
(2015) 6.40%. Matousek et al. (2016) and Nevrkla et al.
(2017) found the IMF content of the Czech autochthonous
breed Prestice Black-pied pig at the level of 2.47% up to
2.89%. Tomovi¢ et al. (2016) found the IMF content at
the level 0f 2.56% in the Large White breed.

Neither the breed nor the different slaughter weight had
any effect on the cholesterol content in MLD. However,
the Ma breed had by 4 mg.100g" of cholesterol in the
meat more than the LW breed (44.17 £5.77 mg.100g™" vs.

Table 3 Correlation coefficients of the physico-chemical indicators m. longissimus dorsi in relation to slaughter weight

and the IMF content.

Slaughter weight IMF
pH; 0.304 0.086
pH, -0.008 -0.031
EC, 0.160 -0.038
EC, -0.265 0.416
Drip loss -0.104 -0.283
CIE L* - 0.449* -0.282
CIE a* 0.598%*%* -0.061
CIE b* 0.222 -0.481*
Water 0.054 0.524*
Protein 0.356 -0.506*
IMF -0.164 1
Cholesterol -0.159 0.813**

Note: IMT: intramuscular fat, *: p <0.05, **: p <0.01.
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40.00 +2.14 mg.100g"). Comparable values of the
cholesterol content in MLD were also found by Lipova et
al. (2019) in the Ma breed (43.01 mg.100g™") and the
hybrids Ma x LW (38.91 mg.100g™).

Parvu et al. (2012) have reported a similar cholesterol
content in the Ma breed (41.64 mg.100g™), but they had a
significantly higher cholesterol content of 61.24 mg.100g™
in the LW breed. In contrast to our findings, other authors
have reported higher cholesterol levels in MLD in the Ma
breed, ranging from 61.14 to 62.90 mg.100g™ (Parunovié
et al., 2013; Petrovi¢ et al., 2010).

Table 3 shows the correlation coefficients of the physico-
chemical indicators in relation to slaughter weight and the
IMF content. The slaughter weight positively correlated
with the indicator a* (p <0.01, » = 0.598) and negatively
with the indicator L* (p <0.05, » = -0.449). It follows from
the above that the pig meat is darker and redder with the
increase of the slaughter weight. Ba et al. (2019) have
stated that increase of the slaughter weight is associated
with the redder and yellower meat. In terms of the
physico-chemical indicators, the IMF content correlated
negatively with the indicator b* (p <0.05, r = -0.481). In
contrast, Ba et al. (2019) found a positive relationship
between the value b* and the fat content (r = 0.652,
p <0.05). Within the chemical meat composition, the IMF
content correlated positively with water (p <0.05,
r = 0.524) and cholesterol (p <0.01, »=0.813) and
negatively with the protein content (p <0.05, r = -0.506).
Contrary to our results, several authors have found a
negative relationship between the IMF content and water
in the MLD muscle (Tomovi¢ et al., 2014; Vranic et al.,
2015; Lipova et al., 2019).

CONCLUSION

There were no major differences in the meat quality
between the Mangalitsa and Large White breeds.
Nevertheless, we can conclude that the breed Mangalitsa
has showed more favorable values of the physico-chemical
indicators, as it has achieved a significantly lower drip loss
(7.57% vs. 10.13%, p <0.05), a lower value of L*
(51.71 vs. 58.75, p <0.001) and a higher value of a*
(3.52 vs. 0.59, p <0.001). That means that meat of the
Mangalitsa breed had a better water holding capacity, was
darker and redder in comparison to the Large White breed.
Similarly, when comparing the quality of the meat with
regard to the slaughter weight, there were no large
differences between individual weight groups. However, a
higher slaughter weight has positively influenced mainly
the color of the meat, as pigs weighing more than 110 kg
achieved a significantly lower value of L* (p <0.01) and a
higher value of a* (p <0.001) in comparison to pigs of the
lower weight. As a positive effect of a higher slaughter
weight its effect on the protein content in the meat can be
considered, as pigs weighing over 100 kg had a
significantly higher protein content in the meat than pigs
weighing below 100 kg (p <0.05).
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RESEARCH ON MILK HOMOGENIZATION IN THE STREAM HOMOGENIZER
WITH SEPARATE CREAM FEEDING

Kyrylo Samoichuk, Dmytro Zhuravel, Olga Viunyk, Dmytro Milko, Andrii Bondar,
Yuriy Sukhenko, Vladyslav Sukhenko, Leonora Adamchuk, Sergey Denisenko

ABSTRACT

Homogenization, which is used in the technological schemes of production of most dairy products, is the most energy-
intensive of the processes of mechanical processing of milk. One promising way to increase the energy efficiency of
homogenization is to use separate homogenization and to use a little-researched stream homogenizer with separate cream
feeding. The principle of its action is to pre-divide milk into cream and skim milk, and feed the fat phase with a thin stream
into the stream of skim milk. This creates the conditions for achieving the high value of the Weber criterion — the main
factor in the dispersion of milk fat. The purpose of these researches is to conduct experimental studies and determine the
energy consumption and quality of homogenization of milk after treatment in a stream homogenizer. To achieve this goal,
a designed experimental setup was used. The dispersive indices of the milk emulsion were determined by computer
analysis of micrographs of milk samples obtained with an optical microscope and a digital camera using Microsoft Office
Excel and Microsoft Visual Studio C # software using the OpenCV Sharp library. As a result of experimental studies, the
critical value of the Weber criterion for homogenization of milk was determined, which is 28. The regularities of dispersion
of milk fat in a stream homogenizer with separate feeding of the fat phase have been established. It is determined that the
milk treatment in the experimental homogenizer allows us to achieve an emulsion with an average size of fat globules of
about 0.8 um (at the level of valve homogenizers). The value of the homogenization coefficient is obtained for the
disruption of the fat globule in the conditions: subject to a single effect on the emulsion, without the influence of vibration

and cavitation. This homogenization coefficient equals 3300 m*?.s",

Keywords: milk; homogenization; homogenizer; stream homogenizers with separate cream feeding

INTRODUCTION
Today, the vast majority of milk as raw materials for the

of homogenizers, such as valve, pulsation, vacuum,
stream, ultrasonic, rotary, etc. However, none of them

production of drinking milk, cream and other types of
dairy products is homogenized (Rayner and Dejmek,
2015). The main advantages of products manufactured
using homogenization: providing uniformity of color,
taste, fat content; improving the consistency, increasing
the intensity of the white color, increasing the stability
during storage, reducing the settling of fat and creating
a fuller taste of the product.

But homogenization is one of the most energy-
consuming processes in the vast majority of technological
schemes for dairy production. The specific energy
consumption of the most commonly wused valve
homogenizers reaches 8 kW.h.t" and is the largest of the
milk processing equipment (Yong, Islam and Hasan,
2017a; Ashokkumar, Rink and Shestakov, 2011).

As a result of attempts to solve the existing disadvantages
of homogenization, scientists have developed a wide range

combines a high degree of grinding milk fat globules (such
as valves) with low energy consumption (Narvhus,
Abrahamsen and Ostlie, 2007; Yong, Islam and Hasan,
2017b).

The main reason for such problems is the lack of
a unified theory and mechanism of dispersion of the fine-
phase phase of fat emulsions and difficulties in obtaining
experimental visual data of the process of disruption of fat
particles of microscopic size.

Recent visual data on the process of fat phase dispersion
in valve homogenizers confirm the validity of the turbulent
viscous theory according to which the disruption occurs as
a result of the destabilization of Kelvin — Helmholtz and
Rayleigh — Taylor (Hakansson et al., 2011; Hakansson et
al., 2010; Innings and Tragardh, 2005; Loitsyansky,
2003). Despite the significant differences between these
hypotheses, they are common to create hydrodynamic
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conditions in the fracture zone that contribute to the
increase of the relative velocity of the emulsion phases.
That is, the universal criterion for deformation and
disruption of the fat globule is the Weber criterion (We),
the main reason for dispersion being the difference in
velocity between the fat globule and the surrounding
plasma (relative velocity of phases or velocity of sliding of
the fat globule) (Hakansson et al., 2013).

The simplest and most obvious way to create a sliding fat
globule is to separate milk fat from whole milk and feed it
with a thin stream or film into the product's high-velocity
stream of skim milk. This method is the basis for the
construction of a stream homogenizer with separate cream
feeding (SHSCF), in which the milk cream is fed by a thin
stream perpendicular to the flow of skim milk (Figure 1)
(Deinychenko, Samoichuk and Kovalyov, 2016).

Additional intensification of the process of
homogenization in such devices is due to the concentration
of the supplied energy on the fatty phase of the emulsion
using separate homogenization. Preliminary separation of
milk into cream and skim milk and treatment of only the
fat phase, which results in the reduction of the volume of
the emulsion being processed, which leads to the
proportional reduction of energy consumption (Dhankhar,
2014; Samoichuk and Kovalyov, 2015).

Due to the selection of structural-technological and mode
parameters it is possible to combine the normalization of
milk fat content with the operation of homogenization.

Therefore, the purpose of the study is to determine the
prospects of using a stream homogenizer with separate
cream feeding for milk processing by experimentally
determining the quality of homogenization and energy
consumption.

Scientific hypothesis

The scientific hypothesis is the ability to solve the
problem of high energy consumption for homogenization
of milk by using a stream homogenizer with separate
cream feeding. In such a homogenizer, when the fat
fraction is fed into the stream of skim milk, a high
difference of phase velocities is created between the
dispersed and dispersive phases of the emulsion, which
makes it possible to achieve higher values of the Weber
criterion than in other types of homogenizers.

MATERIAL AND METHODOLOGY

Experimental equipment

For the experimental research of the SHSCF, an
installation was developed, the scheme of which is
presented in Figure 2 (Samoichuk and Kovalyov, 2011;
Samoichuk and Kovalyov, 2013).

Skim milk goes through the pipeline from the container
2 through the pump 1 into the homogenization chamber 4.
From the tank for cream 12, with the pump 7 through the
channel 11, the fat phase is supplied to the central zone of
the homogenization chamber in the stream of skim milk,
where the process of dispersion takes place.

To increase the flow of skim milk in the homogenization
chamber, stream guides 5 made of stainless steel were
installed, which are secured by hinges 10 and have
adjustable rods to adjust the distance between the guides.
The housing of the homogenization chamber is made of
organic glass for process monitoring. A gauge 3 is required
to control the fluid pressure values. In the container 2 there
is an opening for draining the residues of the product. The
finished product is poured into the container 8.

Mi]k cream 5 005 5 Fat globules
(milk fat phase) ~ Po o oo~ "of whole milk
0%0%0 0 oV

Cream feed channel

Stream
of skim milk

Fat globules
of homogenized milk

Figure 1 Scheme of homogenization in a stream apparatus with separate cream feeding.

D Skim milk

Milk cream

1/ 2/ 3 w5 s s

/

7

/

-Homogenized milk

i

” .'! p

Figure 2 Scheme of the laboratory unit of the SHSCF. Note: 1 — rotor type pump; 2 — container for skim milk; 3 —
pressure gauge; 4 — homogenization chamber; 5 — guides; 6 — adjusting rods; 7 — pump of supply of the fat phase; 8 —
container for receiving the finished product; 9 — pipelines; 10 — hinges; 11— feed cream channel; 12 — tank for cream.
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Prior to submission to the SHSCF, the milk is divided
into skim milk and cream. Skimmed milk is fed under
pressure at a certain rate, which increases in the central
area of the device due to the narrowing of the flow, the
value of which can be adjusted by rods. In the place of
greatest narrowing, cream is supplied through a thin
channel which diameter is 0.6 — 0.8 mm (Samoichuk and
Kovalyov, 2013; Samoichuk, Kovalyov and Sultanova,
2015). The channel of such a small diameter creates
minimal flow resistance and allows the flow of cream with
a thin stream. By varying the flow velocity in the cream
feed zone, the distance from the end of the cream feed
channel to the edge of the narrowing channel and the
cream supply it is possible to investigate their effect on the
quality and energy consumption of the milk fat dispersion
process.

Figure 3 presents a general view of the laboratory unit for
studying SHSCF.

In the central part of the chamber 3 (Figure 3), at the
place of maximum narrowing, radial channels for feeding
the fat phase are made.

Thus, thin streams of cream are fed into the high-velocity
stream of skim milk, which creates the conditions for high-
efficiency dispersion of milk fat — a high difference in
velocity of phases (velocity of sliding the fat globule
relative to the dispersion medium), which by Weber's
criterion is the main parameter of the disruption of fat
globules of milk.

The main parameter that determines the dispersion of the
milk emulsion after treatment in SHSCF (Figure 4) is the
relative velocity of the dispersed and dispersive phases,
which is most influenced by the velocity of skim milk
stream vy, the velocity of the flow of cream v, the
diameter of the feed channel of cream d, and its fat content
F..

For the experimental studies, whole milk was used
(DSTU 8553:2015). Density 1027 — 1023 kg.m™, fat
content 2.5 — 4.4%.

Figure 3 Structure of the laboratory unit for studying
SHSCEF. Note: 1 — electric motor; 2 — container for skim
milk; 3 — homogenization chamber; 4 — throttle valve;
5 — pressure gauge; 6 — cream feed channel; 7 — control
unit for the cream feed pump; 8 — electric starter of the
main engine; 9 — tank for cream; 10 — pump for feeding
cream; 11 — skim milk feed pump.

The average diameter of the fat globules of the emulsion
(d), which should be provided as a result of
homogenization, is 0.8 — 1.2 um, which is sufficient for
modern technological processes of milk processing.

The temperature of homogenization of milk was provided
within the range of 60 — 65 °C. Numerous studies show
that this temperature is optimal for the dispersion process.
The minimum surface tension of the fat globule and the
viscosity of the milk is ensured, the fat fractions go into
the liquid state and no undesirable changes of properties
occur under the action of high temperature (Ilon-
Titapiccolo, Alexander and Corredig, 2013).

Statistical analysis

The dispersive indices of the milk emulsion were

determined by computer analysis of micrographs of milk
samples obtained with an optical microscope and a digital
camera Mustek Wcam 300 (resolution 640 x 480). Each
experiment was repeated 3 times. From each experiment,
3 samples were selected and 2 dilutions were prepared
from each sample. 6 characteristic microscope field of
view photos were selected from each dilution. Thus,
36 microscope fields of view were analyzed to determine
statistical characteristics of milk.

The method of analysis of geometric characteristics of fat
globules based on digital image analysis technologies was
used to analyze the obtained micrographs.

The number of fat globules in the microscope field of
view and their diameter were determined in the process of
calculations. The average diameter of the fat globule was
determined by the statistical method of power average
(arithmetic mean).

For this purpose, the software module has been
developed that is implemented in Microsoft Visual Studio
2013 based on C # using the OpenCV Sharp library set
4.2.0. The exported numerical data and the calculation of
the sample statistics were performed in Microsoft Office
Excel 2013. McBrain VA 318 electric wattmeter (Volga
region plant of power equipment, Russia) was used to
record power.

RESULTS AND DISCUSSION

Determination of the influence of the velocity of
skim milk and the distance between the guides on
the dispersion of milk emulsion

The main influential factor in the dispersion of the fat
phase in the SHSCF is the rate of flow of skim milk, the
change of which was varied by the supply of skim milk
Qum- The results of the experimental studies and their
comparison with the theoretical ones by the formula
(Samoichuk and Kovalyov, 2013; Samoichuk, 2018) are
shown in Figure 5.

As shown by the obtained data, the change in the distance
between the guides (the area of intersection of the working
chamber) has virtually no effect on the dispersion of the
milk emulsion, which is consistent with the results of
theoretical studies (Samoichuk and Kovalyov, 2013;
Samoichuk, 2018).
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Figure 4 Calculation scheme of SHSCF. Note:

1 — chamber of stream homogenizer of milk; 2 — guides for
the formation of a stream of skim milk; 3 — cream feed
channel; a — distance between the guides; Qgm, Q.,
Qn — supply of skim milk, cream and productivity of
SHSCF, m’.s™.
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Figure 5 The dependence of the average diameter of fat
globules d on the distance between the guides of SHSCF
a and the velocity of skim milk vy, at d. = 0.7 mm,
v, =80 m.s”, F. = 30%.
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Figure 6 The dependence of the average diameter of fat
globules d on the velocity of the flow of cream v, SHSCF
and fat content F. (at vy, = 60 m.s'l).

d, pm

-~

’ -~
rd
i T
Y
1.2 .
© ‘
1.1 —
®d,=08mm Ad,=0.7mm @®dp=d.=0.6 mm
1.0 : ! |

ve, m.s!
20 40 60 80 100

Figure 7 Dependence of the average diameter of the fat
globules d on the velocity v, and the diameter of the feed
channel of dairy cream d. SHSCF (at v, = 60 m.s™).
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Figure 8 Prediction of the average size of fat globules of
milk d for d. <0.5 mm.
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Figure 9 The dependence of the average diameter of the
fat globules d on the diameter of the feed channel
d. SHSCF and cream fat F, (at v, = 80 m.s™).
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Figure 10 The dependence of the fat coefficient of cream
for SHSCF k. on the fat content F, % (at vy, = 80 m.s™).

The slight increase in the size of the fat globules at
a =1 mm (by 2 — 5%) is explained by the increase in the
Reynolds coefficient and the fluid turbulence. Increasing
turbulence can be the cause of inefficient power
dissipation, which is consistent with the results of the
stream apparatus study (Abiev, 2000). For SHSCF, the
main factor in the disruption of fat globules is the sliding
velocity of the fat globules, which increases as the flow
rate of skim milk increases. To obtain an average size of
fat globules of 0.8 um, it is necessary to provide a skim
milk velocity of 60 — 65 m.s™.

The experimental data are in good agreement with the
theoretical data at critical Weber number We, = 130,
coefficient of SHSCF (Samoichuk, 2018) k. = 0.7 in the
range of 35 <v,, <70. However, the true critical Weber
number can only be calculated after the experimental
determination of the stream dispersion coefficient.

At a velocity of more than 70 m.s™, the dispersion is
hardly increased. Similar is the graph of the dependence of
the dispersion on the pressure for the valve (Rovinsky,
1994; Loncin and Merson, 1979), pulsation
homogenization with a vibrating rotor (Samoichuk et al.,
2016) and flow-stream (Samoichuk, 2018)
homogenization, which testifies to the similarity of the
mechanisms of dispersion of fat globules in them.

Determination of effect of stream dispersion
coefficient on average size of fat globules in milk

The use of higher fat cream increases the dispersion of
the homogenized emulsion (Figure 6). This is due to the
increase in the velocity of sliding fat globules of cream due
to the decrease in the amount of plasma fed together with
the cream. The dashed line shows the relationship between
the size of the fat globules and the velocity of the cream in
the disruption of the fat globules similar to the valve
homogenization according to the formula by N. V.
Baranovsky (Rovinsky, 1994). If v, >80 — 100 m.s”, the
valve dispersion is the dominant principle of dispersion —
the value of dispersion is close to that calculated by
Baranovsky's formula.

In the range of 40 <o, <80, the sizes of fat globules are
maximal, and at v, <30 m.s™ they are reduced by 6 — 10%
(Samoichuk, 2018). The decrease in dispersion at the

velocity of the stream of cream more than 30 m.s™ can be
explained by the presence of a steady stream of cream,
which is destroyed only at the chamber wall which is
opposite to the location of the channel of the cream. In this
zone, the velocity of the skim milk stream is minimal,
which results in lower values of the flow rate of fat
globules.

If you do not take into account the dispersion of the type
of valve homogenization, which is energy inefficient (in
the range of 20 <v, <80 m.s™), the highest degree of
homogenization in SHSCF can be achieved at v, <20 m.s™.
By predicting with Excel spreadsheet tools at
v, <5 -10 m.s'l, the coefficient of influence of the flow
velocity of the cream, SHSCF has a maximum value
k, = LAt 40 <v. <80 k, =0.75 — 0.80, and at
20 <v, <40 k, = 0.8 — 0.85.

Reducing the diameter of the cream channel leads to
a decrease in the size of fat globules of milk (Figure 7).

This is due to the decrease in the central zone of the
cream stream with a reduced flow rate of fat globules.
Reducing the diameter of the channels from 0.8 to 0.6 mm
leads to an increase in the dispersion by 8 — 10%. It is
logical to assume that the maximum flow rate can be
obtained by entering only one fat globule into the stream
of skim milk. The maximum value of the coefficient of
influence of the diameter of the channel of the fat phase
will be at d. = d. But testing this assumption in practice is
difficult. The prediction made by Microsoft Excel (Figure
8) shows that at d, = d the average size of fat globules is
0.26 microns, therefore the coefficient of cream feed
channel diameter kg =1 at d. = 0.26 mm.

Then the formula for the definition of k.4 looks like

0.26
kea = 2 . M
2.025d.— 0.75d,°+0.2625

Example: at d. = 0.6 mm k.4 = 0.46; at d; = 0.7 mm
keq=0.44; at d, = 0.8 mm k4 = 0.43.

The graph of the dependence of the dispersion of the
emulsion on the fat content of the cream (Figure 9)
indicates a decrease in the rate of decrease in the size of fat
globules with increasing fat content of cream (Samoichuk,
2018).

When the fat content of the cream is more than 40%, the
dispersion of the emulsion is almost not reduced. The
predicted minimum dispersion of milk is reached at
F. = 45 — 55%, where the coefficient k. = 1. For other
values of the fat content of cream k. of the SHSCF are
shown in the graph (Figure 10). In the range of F. >30%,
the values of the fat coefficient of stream dispersion do not
differ for different d.. At F. <30% a significant effect is
caused by the high turbulence of the flow and the
mechanisms of disruption associated with the disruption of
turbulent vortices, thus values of k, for d. = 0.8 mm
increase by 2 — 4% compared with d, = 0.6 mm.

Therefore, to increase the degree of dispersion it is
necessary to reduce the diameter of the feed channel of
cream, use cream with a fat content of 30 — 50% and
provide a feed rate of cream less than 30 — 40 m.s” or
more than 80 — 100 m.s™.

Thus, for the data shown in Figure 6, the coefficient of
stream dispersion will be equal (at k4 = 0.44; k, = 0.75;
ker=0.96) k. =0.44 x 0.75 x 0.96 = 0.32.
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The critical Weber number corresponding to the
experimental data is We, = 28. Compared to opposite-flow
stream homogenization (We," = 500 (Samoichuk, 2008)),
this value is much smaller. But a direct comparison of
these values is incorrect due to the use of the modified
Weber criterion for opposite-flow stream homogenization
— that is such Wey, where instead of the velocity of the
sliding of the fat globule, the flow rate of the milk
emulsion is used.

According to the obtained data of the critical value of the
Weber criterion and (Samoichuk, 2018; Samoichuk et
al., 2019), the homogenization coefficient for SHSCF will
be

28x0.024x0.13/| 6 _ -
K,= [0 22 =3300x 1076 m* s
8 x 980 3.14

The importance of the obtained results is that this value is
obtained for the disruption of the fat globule in "pure"
conditions: subject to a single effect on the emulsion,
without the influence of vibration and cavitation.
Therefore, the value of K}, is the largest among other types
of homogenizers. For example, for the valve homogenizer,
high turbulence and cavitation have a significant effect on
the dispersion of milk fat, leading to a reduction in K, to
1100 x 10° m*2s'. For the pulsation homogenizer
multiple treatments leads to a reduction in Kh to
225 x 10° m**s™" (Deynichenko et al., 2018; Samoichuk,
2018; Samoichuk et al., 2019). For the pulsation
homogenizer with a vibrating rotor, the influence of
resonant phenomena, as well as the developed turbulence
and cavitation in the gap between the rotor and the stator
leads to a minimum Ky, = 68 x 10° m*’.s™ (Samoichuk et
al., 2019).

CONCLUSION

Experimental studies of the dispersion of milk fat in
SHSCF and the experimental determination of the stream
dispersion index allowed us to determine the critical value
of the Weber criterion for the disruption of the fat globule
of milk in the milk plasma stream, which is 28. The value
of the homogenization coefficient has been determined for
the disruption of the fat globule under the condition of
a single effect on the emulsion, without the influence of
vibration and cavitation: K;, = 3300 x 10 m*2st,

On the basis of experimental studies of the patterns of
dispersion of milk fat in SHSCEF, it is established that to
obtain an average size of fat globules of 0.8 um it is
necessary to provide a velocity of skim milk of
60 — 65 m.s'l, to use cream, with a fat content of 40 — 45%,
to ensure the velocity of the flow of cream 20 — 40 m.s™
and the diameter of the cream feed channel of
0.9 - 1.0 mm.
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COMPARISON OF HEAT-STABLE PEPTIDES USING A MULTIPLE-REACTION
MONITORING METHOD TO IDENTIFY BEEF MUSCLE TISSUE

Daniil Khvostov, Natalya Vostrikova, Irina Chernukha

ABSTRACT
Nowadays, proteomics is widely used as an analytical control method. A new method for determining animal tissue

species-specificity based on a combination of two effective methods of food analysis, liquid chromatography (LC) and
mass spectrometry (MS), was used in this work. Using this approach, it became possible to detect peptides. This work
presents a comparison of species-specific, heat-stable peptides for the identification of beef. The objects of the study were
native and boiled model mixtures containing beef with concentrations of 8% (w/w) and 16% (w/w). Pork was also added to
the recipe to control for false-positive results. A high-performance liquid chromatography technique with mass
spectrometric detection (LC-MS/MS) was used. Analysis of finished samples takes 25 minutes and is adapted to detect
marker peptides. From the processing of the obtained data, three beef marker peptides were identified that were accepted as
the best candidates. Two peptide prototypes, NDMAAQYK and YLEFISDAITHVLHAK from the myoglobin protein and
SNVSDAVAQSAR from the triosephosphate isomerase protein, were selected as potential biomarkers. For all samples, the
signal-to-noise ratio (S/N) was set above 10. Temperature was not found to affect the structure and detection of marker
peptides in samples with a muscle tissue concentration of 8% (w/w) at p <0.05. This approach is universally applicable for

comparing biomarkers of other types of meat and to identify the most suitable candidates.

Keywords: biomarker; LC-MS/MS; prototype peptides; meat authentication; heat-stable peptide

INTRODUCTION

Over the past 15 years, extensive research has been
conducted around the world on the study of protein
substances in raw meat and meat products, both native and
those formed in the process of various technological
treatments.

A classic quantification method in proteomics is the use
of an isotopic tag, the modification of which has more than
40 species (Kopylov and Zgoda, 2007). There are also
techniques that do not use isotopic labels (Kopylov,
Zgoda and Archakov, 2009). The sensitivity of protein
determination compared with gel electrophoresis increases
by several orders of magnitude. More recently, the
complexity of the study of phosphorylated proteins has
been overcome. Various post-translational modifications
of proteins with high sensitivity and specificity are studied
by the Selected Reaction Monitoring (SRM) method
(Zav'yalova, et al, 2014). Recently, a method of
identifying species-specific molecular markers in the field
of food analysis has gained strength, based on a
combination of two methods, high-performance liquid
chromatography (HPLC) and mass spectrometry (MS),
used to detect peptides. Using this method, up to 0.5%
(w/w) chicken meat was found in meat mixtures

(Sentandreu et al.,, 2010). In more recent studies, in
boiled meat products, up to 1.0% (w/w) impurities of beef,
pork, chicken, duck and goose were detected (Montowska
and Fornal, 2017). Heat treatment products were analysed
using marker peptides derived from myosin 1 and 2 light
chains. It is very important to determine the limit of
detection (LOD) of the method. Using this criterion, one
can compare various methods aimed at determining
muscle tissue. Indicators of 0.5% and below were set for
meat products. As an example, the established
quantification limit for buffalo and sheep meat was up to
0.48% (w/w) meat (Naveena et al.,, 2017). The good
thermal stability of the peptides was demonstrated by the
authors to identify horse and pork markers a lower limit of
0.24% (Von Bargen, Brockmeyer and Humpf, 2014).

Scientific hypothesis

Using the S/N criterion, it is proposed that peptide
markers be compared for the authenticity of raw meat and
heat-treated meat. The aim of this work was to establish
the best candidates for the species-specificity of beef. The
selected biomarkers will be used for a highly specific and
reliable method of multivariate identification and
quantification of the proportion of muscle tissue.
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MATERIAL AND METHODOLOGY

Model mixtures of minced muscle tissue were prepared
in accordance with standard industrial procedures. A set of
samples with a given recipe was prepared (Table 1). Beef
muscle tissue content was 8% (w/w) and 16% (w/w). The
calculation of muscle tissue content was carried out

according  to BEFFE (bindegewebseiweilfreies
Fleischeiweil — meat proteins that do not contain
connective  tissue) (Leitsdtze fiir Fleisch und

Fleischerzeugnisse, 2016). Samples of minced meat
mixtures were placed in a collagen shell and cooked to a
core temperature of 72 °C.

Reagents and solvents

All reagents used were of U.S.P. purity or higher. All
solvents, including water, were used with the LC-MS
label.

Protein extraction

A
an

100.0 £0.1 mg portion of each sample was weighed on
analytical balance (CP224S, Sartorius, Germany).

A 1000 pL volume of denaturing buffer (6 M guanidine
chloride) was added to the sample and ground in a mortar
until completely dissolved. Samples of homogenized
muscle tissue (MagNA Lyser, Roche Applied Science,
Germany) were centrifuged at 10,000 rpm for 15 minutes
at 4 °C (5430 R, Eppendorf, Germany) and 10 pL of
sample was transferred to a 1.5 mL tube (for subsequent
hydrolysis).

Protein digestion
Disulphide bridges were restored by adding 2 pL of
dithiothreitol (0.5 M in water) and incubating the samples

at

37 °C for 60 minutes (Thermomixer comfort,

Eppendorf, Germany). Then, sulfhydryl groups were
alkylated by adding 5 pL of iodoacetamide (0.5 M in
water) and incubating them in the dark for 30 min at room
temperature. Ultrafiltration at 13,000 rpm for 15 minutes at
4 °C using bicarbonate buffer was used to eliminate salts
and denaturing agents. Protein content was measured by
using a Quant-it protein analysis kit (Thermo Fisher
Scientific, USA) with a Qubit fluorometer (Thermo Fisher

Scientific,

USA) according to the manufacturer's

instructions. Trypsin digestion was carried out by using an
enzyme-to-substrate ratio of 1:50 and incubating the
reaction for 16 hours at 37 °C. Enzymatic hydrolysis was
stopped by adding 1 pL of formic acid. Samples were
stored at -20 °C and thawed before analysis.

LC-MS/MS analysis
For chromatographic analysis, a ZORBAX Eclipse Plus
C18 column with a fast HD resolution of 2.7 pm

Table 1 Muscle tissue content in the experimental mixtures.

(50 x 2.1 mm; Agilent Technologies, Santa Clara,
California, USA) was used. Separation was performed by
using an Agilent 1260 Infinity HPLC system (USA). The
flow rate was set at 0.4 mL.min"', the column temperature
was 30 °C, and the sample temperature was 19 °C; eluent
A was water with 0.1% (v/v) formic acid, and eluent B
was acetonitrile with 0.1% (v/v) formic acid. Gradient
elution was performed as follows parameters: 0 min 95%
A, 0 — 10 min from 95% A to 40% A, 10 — 15 min from
40% A to 0% A, 15 — 20 min 0% A, 20 — 21 min from 0%
A to 95% A, 21 — 25 min 95% A (total analysis time 25
min). The injection volume was 10 pL for all types of
samples.

Peptides were detected by using a three-quadrupole mass
spectrometer (6410, Agilent Technologies, Santa Clara,
California, USA) (Khvostov et al., 2019).

Statistical analysis

STATISTICA 10.0 software was used in this study for
statistical analysis. Significant differences were verified by
using two-way analysis of variance (ANOVA), p <0.05.
Data were extracted from bioprograms in Microsoft Excel
(USA).

RESULTS AND DISCUSSION

In this work, we used the Skyline program (2019),
capable of theoretically cleaving proteins and listing the
SRM for each peptide (Table 2). Protein analysis was
performed by using biomodelling. If it is necessary to
process complete protein sequences during analysis of LC-
MS/MS data, it is possible to use software such as
Spectrum Mill (Agilent Technologies, Santa Clara, CA,
USA) (Sarah et al., 2016; Fornal and Montowska, 2019;
Montowska and Fornal, 2017; Montowska and Fornal,
2019), Protein Lynx Global Server (Waters) (Naveena et
al., 2017), Peaks Studio software (Bioinformatics
Solutions, Waterloo, ON, Canada) (Prandi et al., 2017;
Prandi et al., 2019) and MASCOT (Matrix Science,
Boston, MA, USA) (Sentandreu et al., 2010; Naveena et
al., 2017; Ruiz Orduna et al., 2015; Ruiz Orduna et al.,
2017; Fornal and Montowska, 2019; Montowska and
Fornal, 2017; Montowska and Fornal, 2019). In our
work with the search for parameters for biomarkers on a
mass spectrometer, the Skyline program proved to be the
best. This is the best choice in the presence of a previously
studied peptide sequence for develop of MRM methods.
Most often, three transitions were selected. Only y-ions
were used. The transition from parent ion (m/z) to product
ions (m/z) occurred from a smaller to a larger one (m/z).

Beef (97% (w/w) Pork (90%

Mixture muscle tissue), (w/w) muscle

Pork (50%
(w/w) muscle

Pork (20%

(w/w) muscle Total muscle

tissue, % (wW/w)

%o (W/W) tissue), % (w/w)  tissue), % (w/w) tissue), % (W/w)
1 16.0 59.3 0.0 0.0 75.3
2 8.0 0.0 12.4 9.9 30.3
3 0.0 32.1 10.0 0.0 42.1
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Table 2 Identification characteristics of beef (Bos faurus) heat-stable peptide markers for LC-MS/MS methods.

Protein Marker peptide sequence Parent ion (m/z), product  Collisio Retention References*
ions (m/z) n time
energy (min £SD)
V)
Myoglobin HPSDFGADAQAAMSK 766.8 — 1395.6, 949.4, 24.8 6.60 +£0.06 Claydon et al.
892.4, 8214 (2015); Li et al.
511.6 - 641.3, 635.3, 13.6 (2018)
507.3 Khvostov et al.
(2019)
NDMAAQYK 470.7 - 580.3, 509.3 15.6 5.73 £0.07 Kulikovskii et
al. (2019)
YLEFISDAIIHVLHAK 623.7 - 797.0,732.4, 17.7 9.28 +0.74 Kulikovskii et
602.4 al. (2019)
Myosin-1 TLALLFSGPASGEAEGG 901.5 — 1290.6, 1143.5, 28.9 8.64 £0.03 Claydon et al.
PK 1056.5, 999.5 831.4 (2015); Fornal
and Montowska
(2019);
Montowska and
Fornal (2019)
Myosin-2 MEIDDLASNVETISK 832.9 - 1061.6, 948.5, 26.8 8.26 +0.01 Montowska and
877.5 Fornal (2019)
TLAFLFSGTPTGDSEAS 1022.5 - 1264.6, 32.7 8.19+0.25 Fornal and
GGTK 1207.5, 1106.5 Montowska
(2019)
Myosin light EASGPINFTVFLNMFGE 1001.0 - 1446.7, 32.0 10.23 £0.02 Fornal and
chain 2f K 1185.6, 985.5, 838.4 Montowska
(2019)
Stress-induced- ALDLDSNC[+57.0]K 518.2 - 851.4, 736.3, 17.1 7.71 £0.92 Wang et al.
phosphoprotein 623.2 (2018)
B-Hemoglobin LHVDPENFK 549.8 — 848.4,749.3, 18.0 7.08 £0.17 Li et al. (2018)
634.3
Carbonic LVNELTEFAK 582.3 - 837.4,708.4, 19.1 7.93 +£0.03 Li et al. (2018)
anhydrase 3 595.3
GEFQLLLDALDK 681.4 - 1028.6, 900.5, 22.1 8.17 £0.81 Li et al. (2018)
787.5
L-Lactate DLADEVALVDVMEDK 831.4 - 1019.5, 948.5, 26.8 9.18 £1.58 Li et al. (2018)
dehydrogenase 835.4
A chain
Triosephosphat SNVSDAVAQSAR 602.8 - 904.5, 817.4, 19.7 6.08+0.03 Khvostov et al.

e isomerase

702.4,532.3

(2019)

Note: * Only the peptide sequence provided from the review article by Stachniuk et al. (2019). The MRM transitions

and Collision energy metrics were selected anew.

Peptides presented in a recent review (Stachniuk et al.,
2019) were selected for comparison of potential
biomarkers. Previously submitted peptides by us were
analysed (Khvostov et al., 2019; Kulikovskii et al.,
2019). One of the criteria for marker specificity is the
presence of a sequence of more than six amino acids
(Watson et al., 2015). This peptide length provides the
species specificity of muscle protein. We decided to use
the S/N indicator as the criterion for the comparison of
heat-stable peptides.

Chromatograms of SRM peptide markers are shown in
Figure la and Figure 1b. The four most intense peptides
with a signal value of (50-250)*10° cps are presented in
Figure 1a. The remaining peptides in the intensity range of
(10 - 50)*10° cps are indicated in Figure 1b. The
chromatogram data were obtained in a sample with a beef
concentration of 16% (w/w), subjected to thermal
treatment.

The S/N results for a sample of minced meat with 16%
beef (w/w) after heat treatment are shown in Table 3.
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Figure 1 Chromatograms of selected biomarkers responsible for the identification of beef muscle tissue: major peptides
(a) and minor peptides (b). Heat-treated mixture with 16% (w/w) beef.

The peptides are arranged in descending order of S/N.
The data show that S/N is the highest for the peptide
sequences NDMAAQYK (Kulikovskii et al., 2019) and
YLEFISDAITHVLHAK (Khvostov et al.,, 2019), which
are myoglobin derivatives. Since beef contains a high level
of myoglobin, we obtained the largest number of
myoglobin peptide derivatives. The S/N ratio is above 10
for both raw and heat-treated samples. For the peptide
HPSDFGADAQAAMSK (Claydon et al., 2015; Li et al.,
2018; Khvostov et al., 2019), an additional MRM search
was performed. Two parent ions, 766.8 (mlz) and
511.6 (m\z), were used. The most significant was ion
511.6 (m\z). The MRM intensity for this mass increased by
40% +7.4 compared with ion 766.8 (m\z).
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Samples were frozen and re-thawed. We evaluated the
effect of one freeze/thaw cycle in digested samples on the
intensity of the HPSDFGADAQAAMSK peptide in all
mixtures. For samples subjected to and without heat
treatment, S/N did not change. It was found that one
freeze/thaw cycle did not affect the concentration of meat
in mixture 1. If the beef content was less than 10% (w/w),
the intensity decreased to 52.4 +£15.2. For peptides
ALDLDSNC [+57.0] K (Wang et al, 2018),
DLADEVALVDVMEDK, and GEFQLLLDALDK (Li et
al., 2018), cross-contamination was recorded in a blank
sample (no beef) (mixture 3) (Figure 2).

Many peptides did not meet the criterion of S/N >3.

—= GEF

6 7 8

Retention Time

Figure 2 Peptides ALDLDSNC, DLADEVALVDVMEDK and GEFQLLLDALDK identified in samples not containing

beef (mixture 3).
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Table 3 Comparison of peptide markers with respect to signal-to-noise characteristics for two concentrations of beef
muscle tissue and two cooking modes (without and with heat treatment).

Mixture 2 with beef 8% Mixture 1 with beef 16%
(w/w) (wiw)
Protein Marker peptide sequence - -
not heated tregf:;lten " not heated tregtezlten ¢
:l: 9 9
(S/N £SD) (SN +SD) (S/N £SD) (S/N +SD)
Myoglobin NDMAAQYK 12.50 £245  24.61 +4.82 11.53 +£2.64 jj;g?
Triosephosphate
isomerase SNVSDAVAQSAR 13.34£261  10.09£138 13457023 27824123
Myoglobin YLEFISDAITHVLHAK 3.24 +0.64 7.79 £0.76 4.64 £1.97 24.06 £7.58
HPSDFGADAQAAMSK 511Freeze  1.36 +£0.27 2.14 £0.50 1.95+0.17 7.78 £0.42
Myosin-2 MEIDDLASNVETISK 2.47 +0.48 2.29+0.18 3.5+0.42 8.33 £0.79
Myosin-1 TLALLFSGPASGEAEGGPK 1.20 £0.23 2.15+0.21 1.55£0.10 8.32 £1.85
Myoglobin HPSDFGADAQAAMSK 511 3.70 £0.73 2.91 £0.34 1.94 £1.66 7.43 £2.05
Stress-induced- ALDLDSNC[+57.0]K 2514049 174051  232+1.07  4.66+0.76
phosphoprotein
B-Hemoglobin LHVDPENFK 2.82 +£0.57 2.35+0.23 4.05 £0.61 5.30 +0.39
Myosin light
chain 2f EASGPINFTVFLNMFGEK 1.31+£0.26 1.24 £0.12 1.98 £0.72 5.09 £0.87
Myoglobin HPSDFGADAQAAMSK 766 2.89 £0.51 1.68 £0.16 496 +1.76 2.57 £0.05
Carbonic LVNELTEFAK 104026  0.60+0.08  1.78+0.48  2.54+0.24
anhydrase 3
GEFQLLLDALDK 1.36 £0.22 0.15+0.12 1.93 £0.45 2.42 +£0.20
Myosin-2 TLAFLFSGTPTGDSEASGGTK 5.00 +0.84 4.35+0.43 4.49 £0.45 1.87 £0.21
L-Lactate
dehydrogenase DLADEVALVDVMEDK 0.2 +£0.12 1.36 +£0.13 0.58 +£0.13 0.51£0.35
A chain

Peptides representing from myosin proteins, such as
MEIDDLASNVETISK (Montowska and Fornal, 2019)
TLALLFSGPASGEAEGGPK (Claydon et al., 2015;
Fornal and Montowska, 2019; Montowska and Fornal,
2019) were sensitive to heat-treated products with 16%
muscle tissue (w/w). At lower concentrations, S/N
approached 2 — 3. It was not possible to identify the
DLADEVALVDVMEDK peptide (Li et al., 2018) in all
types of samples. The S/N index for all samples was no
greater than 1. A one-way analysis of variance (ANOVA)
found an insignificant effect of temperature on the
intensity of marker peptides at a concentration of 8%
(w/w). In previous studies by Kulikovskii et al. (2019)
and Khvostov et al. (2019), we established a limit of
detection (LOD) of 0.29% for the NDMAAQYK peptides
and 0.93% for the SNVSDAVAQSAR peptide. From the
analysis of species-specific marker peptides, three peptides
for determining muscle tissue in beef were selected, taking
into account the following factors: high prevalence in
muscle tissues (>50 cps), good S/N ratio at low

concentrations (S\N >10), high specificity and the presence
of trypsin-specific cleavage sites at both ends of the
protein chain.

Two-way analysis of variance does not reveal differences
in the assessment of the criterion for the influence of heat
treatment of mixtures at a concentration of 8% beef,
confirmed by statistical calculation of p (<0.71), which is
higher than the significance level of alpha (0.05).

CONCLUSION

The developed methodology allowed us to
simultaneously identify and compare up to 13 beef peptide
biomarker. Using the S/N criterion, it was possible to
compare peptide markers for the authenticity of raw meat
and heat-treated meat. Considered successful candidates
whose signal-to-noise ratio was higher than 3.

From the analysis of species-specific marker peptides,
three peptides for determining muscle tissue in beef were
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SNVSDAVAQSAR from triosephosphate isomerase
protein. For samples with two concentration levels and
under cooking conditions at 100 °C, the S/N ratio was set
above 10. This approach is universal. It is suitable for
comparing meat biomarkers of other animal species. It will
be able to identify the most suitable candidates. Selected
peptide markers can be used to construct regression curves
with good linearity, allowing a quantitative assessment of
the types of meat present. The selected peptides can be
used effectively to distinguish between accidental
contamination (technologically unavoidable impurity) and
deliberate falsification.

The developed methodology can aid in the study of the
effect of meat protein on meat quality and functional
characteristics, as well as the safety of finished meat
products.
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RESEARCH OF QUALITY INDICATORS IN PROTEIN-BLUEBERRY
CONCENTRATES

Olena Grek, Tetiana Pshenychna, Alla Tymchuk, Oleksandr Savchenko, Olena Ochkolyas

ABSTRACT

The effect of blueberry coagulant in the form of specially processed blueberry paste on the building-up process of protein-
blueberry concentrates has been considered in the article and the change in their physical-chemical indicators during
storage has been determined. A study of blueberry coagulant application in the amount of up to 12% provides the effective
running to process of thermo acid coagulation of milk proteins with a maximum clot yield (excluding limiting factors —
organoleptic indicators and active acidity). It has been found that with an increase in the amount of blueberry paste adding
from 2% to 10%, the yield of protein-blueberry concentrates increases from 5% to 40%, and the moisture mass fraction in
clots decreases, on the contrary, from 73.4% to 67.1%. Other quality indicators of protein-blueberry concentrates were
recorded: active acidity (from 5.0 pH at the beginning to 4.7 pH at the end of the storage life), and the water-retaining
capacity at the level of (75.44 +0.5%). Based on chromatographic studies, the degree of polyphenolic compounds transition
(including anthocyanins) to protein-blueberry concentrates at the level of 52.26% has been determined by the calculation
method and analyzed compared with control sample (blueberry paste) and colored whey. Based on the researches, protein-
blueberry concentrates obtained by thermo acid coagulation of milk proteins are suggested to be used as basis in the cheese
products recipes.

Keywords: coagulant; coagulation; concentrate; milk; protein

INTRODUCTION

Full use of all milk protein components during its
processing is a condition for increasing the efficiency of
obtaining concentrates. There are different methods of
milk proteins coagulation: acid, acid rennet, rennet, thermo
acid and thermo calcium. The most common methods
include acid and rennet coagulation — the basics in the
production of fermented milk product (Bittante, Penasa
and Cecchinato, 2012). According to the authors
(Kalmykova, 2013; Dabija and Sion, 2012), the
production of protein products by acid milk coagulation is
a popular and common practice. Enzymatic coagulation
lasts until 10 hours. There is a need for the use of
capacitive equipment. The technology of producing
products by thermo acid coagulation of milk proteins
involves less time, production space and equipment, but
has several disadvantages (Lyalin and Fedotov, 2009;
Bittante, 2011). However, the degree of protein extraction
during thermo acid coagulation is up to 95 — 97%, while
for acid coagulation about 90%, and for rennet — 85%
(Osintsev et al., 2013; Ostroumova et al., 2009).

There is a problem of losing valuable proteins with whey
in the production of milk protein clots. The use of various
technological methods for the conversion of whey proteins
to concentrate is actual. This approach will not only

increase the yield, but also increase the biological value of
the clots (Abeykoon et al., 2016).

Complex precipitation of milk proteins can be achieved
by thermo acid coagulation with various coagulants: acid
whey (higher 150 °T) or food acids (hydrochloric, acetic,
lactic, less often citric) (Chinprahast, Subhimaros and
Pattorn, 2015). Without limiting the foregoing, another
task for the dairy industry is to increase the dairy products
production with a high content of biologically active
substances — using berry raw materials.

One of the qualitative characteristics of raw berry is
acidity. Blueberries are different of variety and high
content of organic acids at the level of (1.25 — 2.3 %).
Organic acids at (93 — 95 %) represented by citric, malic,
and in smaller quantities succinic, salicylic, and
phosphoric (Simakhina, 2018).

The biochemical composition of blueberries indicates not
only high nutritional value, but also the pharmacological
properties of this crop. It is expected that the therapeutic
effect of blueberries is largely due to the content of
phenolic compounds in it (Vikul and Khomich, 2011).
Berries have radioprotective properties, contribute to the
neutralization of radionuclides in the body (Van Breda,
Briedé and de Kok, 2019).

For mitigate seasonal fluctuations in the use of berries in
the dairy products production, including for coagulation, it
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is advisable to attract raw materials, which are stable
during storage. Because berries are products that quickly
deteriorate, there is a need in their preservation to regulate
biochemical processes (Korotkiy, Korotkaya and
Ibragimova, 2010).

A modern method of conservation is the processing of
raw berry using cavitation devices and those that operate
in the mode of developed turbulence (Pakhomova,
Dashkovsky and Stoyanova, 2012). Technologies of
various  homogenized berry pastes  (blueberry,
blackcurrant, lingonberry, etc.) of long-term storage with
increased biological value have been deveped by using
hydrodynamic cavitation processing of berry raw materials
(Bessarab et al., 2014).

Sterile pastes are industrially produced from blueberries
with stable indicators, which excludes the introduction of
extraneous microflora and, as a result, the production of
a product safe by microbiological parameters during the
storage period. Specially processed blueberry paste has an
active acidity at 3.0 pH and the following chemical
composition: dry soluble substances — 11.0%, polyphenols
457 mg.100g!, sugars — 7.92%, fiber — 1.57%, pectin —
0.27%.

Known technologies where berry raw materials are used
as a filler in the production of cheese products, as well as
a coagulant for the acid coagulation of milk proteins
(Shchetinin, Koltyugina and Kosynkina, 2011;
Shchetinin et al., 2010). The development of milk-based
products with berry raw materials is actual for using the
functional and technological properties of berries and
optimizing the composition of products in matter of
vitamins and minerals. The use of berries as natural
coagulants for thermo acid coagulation with the protein-
berry concentrates production — the basis for cheese
products, has not been enough investigated. The use of
colored products as the basis for different dairy products
will provide appropriate quality indicators with the
exception of food colors and artificial flavorings, which
corresponds to the concept of a healthy diet.

Scientific hypothesis

Scientific hypothesis is formulated, which is based on the
assumption that it is possible to use blueberries as
a coagulant, which will provide a clot yield, a natural color
and the corresponding physicochemical parameters of the
concentrates.

The aim of the work is to study the quality indicators of
protein-blueberry concentrates obtained by thermo acid
coagulation of milk proteins using blueberries in the form
of a specially treated paste as a coagulant.

MATERIAL AND METHODOLOGY

The object of research is the quality indicators of protein-
blueberry concentrates (PBC) obtained by thermo acid
coagulation of milk proteins using blueberry paste as
a coagulant.

Subjects of research — whole milk, blueberry paste (TU
10.8-2789021380-001 2012), yield, organoleptic, physical-
chemical indicators (moisture mass fraction, active acidity,
water-retaining capacity, polyphenol compounds content)
of protein-blueberry concentrates.

The technology of protein-blueberry concentrates
provides for thermo acid coagulation of milk proteins
using berry raw materials as a coagulant according to the
classical condition — coagulation temperature (93 — 95 °C)
with duration of 5 min. To obtain a control sample (milk-
protein concentrate), acid whey with titratable acidity of
160 °T in the amount of 8 — 10% of milk mass was used
(Grek and Skorchenko, 2009). The complex effect on
milk proteins of high temperatures and acid reagents leads
to the most complete coagulation of them. The coagulation
process was established visually by the intensive formation
of protein flakes and whey excretion. The obtained
protein-blueberry concentrates were formed and self-
pressed duration of (30 £2 min). Pressing was carried out
to a moisture mass fraction of 65 — 75%, depending on the
further use of PBC for the manufacture of various cheese
products.

In order to modify the method of thermo acid coagulation
and rationalize the dose of blueberry coagulant (pH
2.6 £0.2), a range from 2% to 12% with a variation step of
2% has determined. That particular amount in a different
extent changed the active acidity in the mixture to ensure
a balanced isoelectric state of milk proteins at a pH level
(4.1 — 4.5) in the entire volume and led to their active
coagulation (Grek, Onopriichuk and Pshenychna,
2017). The products of this technological operation are
protein-blueberry concentrates and the colored whey with
a touch of blueberry coagulant added.

The yield (mass) of protein-blueberry concentrates was
calculated by the gravimetric method based on the mass
obtained from 4 dm? of milk and converted in percentage
terms (Pytel et al., 2017).

The active acidity was determined potentiometrically on
Sartorius PB-20 universal pH meter (Pytel et al., 2016).

The moisture mass fraction was investigated by the
accelerated method on a KVARTS-21M-33 moisture
meter and by the thermogravimetric method on an ADS
series laboratory electronic moisture meter, manufactured
by AXIS (Poland).

The water-retaining capacity (WRC) of protein-
blueberry concentrates was determined by the Grau-Hamm
method by A. A. Alekseev modification based on the
determination of the water amount that is released from the
product by light pressing, which is absorbed by filter paper
(Grek et al., 2015).

The polyphenol composition of protein-blueberry
concentrates was determined by high-performance liquid
chromatography using the spectrophotometer of
Prominence LC-20 Shimadzu system (Japan). The
substances identification in the extracts was determined by
comparing the retention time and spectral characteristics of
the investigated substances with similar characteristics of
the standards in accordance with the method of
polyphenols identification (Mléek et al., 2019).
Chromatography was performed at a wave-length of 225,
255, 286 and 350 nm (Khodakov and Makarenko, 2010;
Huang et al., 2012; Giovanelli and Buratti, 2009).

The titratable acidity of concentrates was determined
according to GOST 3624-92 and measured in degrees
Turner (°T). Turner degrees mean the amount of alkali
solution milliliters of 0.1 mol.dm™ that spent on
neutralization of 5 g concentrate (Grek et al., 2015).
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Statistical analysis

The studies were repeated three times and processed
mathematically using Microsoft Excel 2007 to provide
accuracy of the obtained results.

RESULTS AND DISCUSSION

The obtained concentrates are a polydisperse colloidal
system in which whey is the dispersion medium and milk
proteins and dry substances of the blueberry coagulant are
the dispersed phase. The yield and change in the moisture
mass fraction of protein-blueberry concentrates depending
on the amount of blueberry coagulant is shown in Figue 1.

The obtained yield results of the concentrates were
corrected depending on the amount of dry substance of
added blueberry coagulant. The research results (Figure 1)
showed that under the same conditions of the thermo acid
coagulation process with an increase in the amount of
blueberry paste adding from 2% to 12%, the yield of PBC
increases from 5% to 42%. The moisture mass fraction in
PBC decreases, on the contrary, from 73.4% to 66.0%.
Generally, the process is characterized by an increase in
the transition degree of casein and the maximum amount
of whey proteins into concentrates.

It has been established that with the addition of 12%
blueberry coagulant, the yield of PBC increased by 2%
compared with a sample containing 10% coagulant. The
difference was in a margin of error, and the concentrate
was characterized by too pronounced (berry) organoleptic
indicators. Accordingly, for the further studies, the amount
of blueberry coagulant has been selected at a level from
2% to 10%.

The next step of research was the study of changes in
active acidity and water-retaining capacity of protein-
blueberry concentrates for 72 hours at a temperature of
(4 £2 °C). The results are presented in the diagrams in
Figure 2 and Figure 3.

Research has shown, that the active acidity of protein-
blueberry concentrates depends on the pH of the blueberry
coagulant and the amount of it added. So, the CBF sample,
which was obtained by thermo acid coagulation of milk
proteins with a blueberry coagulant in the amount of 10%
(PBC10), has the lowest active pH value of 5.0 pH at the
beginning and 4.7 pH at the end of the storage life. For
control sample and all other PBC samples, the decrease in
active acidity took place at (0.15 — 0.23 pH). This makes it
possible to assert that the use of different amounts of
blueberry coagulant for the production of PBC almost does
not affect on this indicator of concentrates during storage.
Similar results were reported by several authors
(Perreault et al., 2017).

The more amount of blueberry coagulant (10%) used in
thermo acid coagulation of milk proteins, the lower value
of the water-retaining capacity in model samples of
protein-blueberry concentrates — 71.36 +0.5%. With
a decrease in the amount of blueberry coagulant from 10%
to 2%, the WRC of PBC increases to 8.14%. The average
value of the water-retaining capacity of the obtained
concentrates is (75.44 £0.5%). During storage, a sharp
decrease of the water-retaining capacity in all PBC is
observed, and in the end the WRC ranged from 43.82% to
56.75%, which is on average 14% higher than in the
control sample.

The dynamics of moisture evaporation from model
samples on an Axis electronic moisture meter has
determined to study the effect of blueberry coagulant on
the qualitative and quantitative moisture s