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Abstract. Sausage products have a high fat content, which is not the most useful property for a sausage. The purpose of the
study is the development of low-fat, nutritionally balanced sausage products. The object of the study was poultry sausages.
The subject of research: changes in the quality characteristics of poultry sausage products conditioned by the use of
different doses of taro puree, potato starch, and spices. Research methods: physical and chemical properties (moisture, pH,
cooking losses, emulsion stability), colour and sensory characteristics of finished products. For the experiment, 500 g of
minced poultry meat was prepared (the ratio of duck and chicken meat was 3:2), and 6 experimental groups (D1~D6) to
which 0 g, 60 g (12%), 70 g (14%), 80 g (16%), 90 g (18%), 100 g (20%) of taro paste were added, respectively. The optimal
amount of taro paste for duck-chicken sausage was determined by analysing sausage pH value, texture, shear stress,
cooking loss, emulsion stability, colour, moisture distribution kinetics, and sensory evaluation. It was found that the
addition of taro paste changes the structure of the poultry sausage and gives the sausage a unique flavour. Studies have
shown that duck-chicken sausage with the addition of 80 g (16%) taro paste had the highest pH. Moisture content, cooking
loss, firmness and chewability, and yellowness values were lower (P<0.05). Sausage brightness and redness values have
been improved. It was found that duck-chicken sausages with 16% taro puree had the best colour, sensory texture and
lower cooking losses. The results obtained allow the development of poultry sausage containing plant material and at the
same time provide technical support for the use of taro paste in poultry sausage
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Introduction

Nowadays, there are more and more consumers in the
world who prefer quality and safe products, balanced in
composition and calories. Since duck and chicken meat
are balanced in nutrients, rich in amino acids, and pro-
mote digestion and assimilation by the body, the develop-
ment of sausages from these species is given much attention.
Duck meat is a dark type of meat that is not dietary, unlike
chicken, contains some of the healthy nutrients, but does not
contain as much saturated fat as red meat and takes longer
to digest [1]. Taro root is rich in dietary fibre (1.3 g/100 g) and
high in protein (3.7 g/100 g). Their content in potato is only
0.75 g/100 g and 2.1 g/100 g respectively. Taro changes the
nutritional composition and texture and flavour of poultry
sausages.

Given the main trends in the food industry, the
use of natural additives and the declared properties of
taro paste can be considered a promising area of research.
Therefore, the authors of this study focused on this seg-
ment, improving technology and expanding the range of
duck and chicken sausages. Sausage is widely appreciated
because it is rich in flavour, rich in protein, and is conve-
nient to eat. The main raw materials of sausage are pork,
beef, etc. It contains more fat, cholesterol and saturated
fatty acids, and excessive intake may increase the risk of
certain epidemic and chronic diseases [2; 3]. Therefore,
adding plant raw materials to sausages to improve the struc-
ture of nutrients has become a focus of food researchers
around the world. For example, mushrooms, celery, corn,
oats, rice flour, crude fibre, etc. are added into sausage.
These additives improve the quality of meat products. It
has played a good role in increasing the dietary and nutri-
tional properties of the product [3; 4].

The fat content of duck meat is moderate (about
7.5%), higher than in chicken, lower than in pork, and distrib-
uted more evenly in the whole body tissue. The fatty acids of
duck meat are mainly unsaturated fatty acids and low-car-
bon saturated fatty acids. Therefore, it has a low melting
point (about 35°C) and is easy to digest [5]. In China, duck
meat processing has been a weak link for a long time. The
duck industry is in the transition period from the segmen-
tation stage to the finishing stage, and the processing level
is still very low. C. Kunpeng et al. added edible fungi to duck
emulsified sausage to improve its quality and nutritional
properties. Compared with the results of the control group,
the addition of mushrooms, truffles, and pine mushrooms
increased the content of unsaturated free fatty acids and

free amino acids in duck sausages, increased the umami
taste, and at the same time inhibited the degree of fat ox-
idation [6].

Taro is a perennial crop of Araceae stem tubers.
It contains low calories, a large amount of dietary fibre,
starch, minerals, vitamins, amino acids and other nutri-
ents [7; 8]. It has anti-tumour, anti-oxidation, anti-ageing
properties and improves immunity [9-11]. Steamed taro is
often served as part of Chinese breakfast. Taro is an alkaline
food that can effectively regulate the body’s acid-base bal-
ance. Therefore, it is a nutrient-rich, low-fat, and high-fibre
edible and medicinal plant material. The addition of taro
to sausages can change the nutritional content of the sau-
sages and create a special product. X. Guo et al. [12] inves-
tigated the effect of different amounts of taro puree on the
quality of pork balls. The results showed that the sensory
evaluation and texture indexes such as hardness and elas-
ticity of pork balls first increased and then decreased with
the increase of the amount of taro puree. The addition of
puree can change the quality of the pork balls. Therefore,
it is very meaningful to develop a new product with duck
meat as the main raw material and chicken and taro paste
as auxiliary raw materials.

The purpose of this study was to explore the effect of
the addition of taro puree, a plant raw material, in poultry
sausages on the quality characteristics of sausages, and to
provide a research basis for the next stage of product de-
velopment.

Materials and Methods

Research trials have been completed in 2021 at the Institute of
Food Science and Engineering Technology, Hezhou University,
China. The Chinese teal’s duck meat and chicken breast, taro,
potato starch, spices, pepper, salt, Guilin Sanhua rice wine, and
compound phosphate were purchased at the Hezhou city agri-
cultural product market in China. Beet red came from the Food
Engineering Research Institute of Hezhou University. The
taro was washed, peeled, cut into pieces, steamed (30 min),
cooled, mashed, and baked (60°C, 5-10 min) to determine the
moisture content of 50% and set aside.

Processing of sausage: duck breast meat and chicken
breast meat were chopped and mixed, and the ingredi-
ents (taro puree, potato starch, spices, ice water etc.) were
mixed with minced meat, and the raw materials were put
into the sausage casing with filling equipment and divided
into sections with cotton thread. The product formula is
shown in Table 1.

Table 1. Duck-chicken sausage recipe with different additions of mashed taro instead of potato starch

A Treatment

Ingredients (£) T1 T2 | T3 | T4 15| T6
Duck meat 300 300 300 300 300 300
Chicken breast 200 200 200 200 200 200

Ice water 25 25 25 25 25 25

Onion and ginger Sauce 25 25 25 25 25 25
Rice wine 20 20 20 20 20

Corn starch 75 45 40 35 30 25

Taro puree 0 60 70 80 90 100
Other ingredients 14 14 14 14 14 14

Note: Other ingredients include 7 g of salt, 1g of complex phosphate, 3 g of complex spices, 2 g of pepper and 1 g of beet red
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Determination of pH value: 5 g of the crushed sample
was weighed into a sample tube, 20 mL of distilled water
was added and stirred evenly, and placed it at room tem-
perature for 30 min. A pH meter was used to measure the
liquid in the middle layer.

Moisture content determination: a rapid moisture
analyser was used and the temperature was set to 105°C. A
preheated aluminium sample pan was put into the device,
1-2 g of the sample was weighed, and after closing the lid

weight of raw meat batters (g)—weight of cooked meat batters (g) .

automatic heating was started to evaporate the water, re-
peated three times.

Cooking loss: the method was described by Jiang
Shuai [13]. 35 g of minced meat was weighed into a 50 ml cen-
trifuge tube and centrifuged (3,000 rpm, 5 min) to remove air
bubbles in the tube. Then, it was heated in a water bath (75°C,
30 min), and the heated sample was cooled at room tempera-
ture for 1 hour, weighed after cooling, and its mass was re-
corded. The calculation of cooking loss is shown in equation (1):

100 1)

Cooking loss (%) =

Emulsion stability: the liquid lost during cooking
(after the tube was centrifuged upside down for 40 minutes)
was poured into a glass dish. Moisture loss was the weight
of the liquid lost by cooking and drying after heating at 105°C

Weight of Cooking liquid —Remaining weight after heating

weight of raw meat batters (g)

for 16 hours, while fat loss was the mass of the sample
remaining after the drying of the liquid lost by cooking [14].
The calculation of water loss and fat loss is shown in
equations (2; 3):

Moisture loss(%) =

Weight of raw meat batter

weighRemaining weight after heating

x 100 )

Fat loss(%) =

Colour: the sausage was removed from the casing,
cooled to room temperature, and cut into 2 cm cylinders, and
measured with A CR-400 colorimeter (calibrated with a white
plate, L*= +97.83, a*= -0.43, b*= +1.98) using L* (brightness
value), a* (redness value) value), b* (yellowness value).

Texture profile analysis: the test method was de-
scribed by Yi. Chen et al. [15] with a slight modification.
The sausage was removed from the casing, cut into a cyl-
inder and placed on the TA-XT plus physical property tes-
ter for measurement. The test conditions were as follows:
the probe was selected as P/5, the rate before the test was
5 mmy/s, the test rate was 1 mm/s, test rate was 1 mm/s, the
compression ratio was 50%, trigger force was 5 g.

Shear force: the test method was described by
J. Song et al. [16] with a slight modification. The sausage
was removed from the casing and cut it into 2 cm cylin-
ders. The measurement parameters were set as: the probe
model was HDP/BSW, and the pre-measurement rate was
2 mmy/s, the test rate was 1 mm/s, the post-test rate was
2 mm/s, the measurement distance was 60.0 mm, and the
trigger force was 10 g.

x 100 3

Weight of raw meat batter

Moisture distribution: Low-field nuclear magnetic
resonance (LF-NMR) was used to measure the free water,
difficult-to-flow water, and bound water in the sausage
samples, and the quality characteristics of the samples
were analysed according to the relaxation time T2 and the
peak area ratio of the three types of water. The main power
switch was turned to preheat in advance, then, after turning
on the computer host, monitor, and radio frequency, respec-
tively, the standard oil sample was used for calibration. The
sausage was cut into a cube, wrapped with plastic wrap, and
put into the nuclear magnetic sampling tube to detect the
sample relaxation time T2, and CONTIN was used to perform
T2 inversion to obtain the corresponding relaxation times
(T2b, T21, T22) and amplitudes (A2b, A21, A22) [17; 18].

Sensory evaluation: the sensory evaluation team
consisted of 10 graduate students majoring in food science.
The sausages were cut into cylinders with a thickness of 1 cm,
and the judges scored the sausages in four aspects: colour,
flavour, texture, and overall acceptability according to the
sensory evaluation standard table, with a full score of 9 points.
The sensory evaluation criteria are shown in Table 2 below.

Table 2. Sensory Evaluation Standard

Evaluation item 7~9 score

4~6 score 1~3 score

The colour is rose pink, the lustre

The colour is light pink purple, the

Brownish-yellow colour, dull,

Colour is rich, and there is appetite colour is nor.mal, and the appetite no appetite
is normal

Basw? lly no ﬁshy smell, the taste Slight fishy smell, moderate taste,  Strong fishy smell, the taste is

Flavour is suitable, with the fragrance of - -
light taro puree fragrance too light or too heavy
taro paste

Good elasticity, uniform texture, Moderate elasticity, uniform Poor elasticity, loose texture,
Texture

less pores, smoother cut surface  texture, pores, smooth cut surface  large pores, uneven cut surface

Integrated grade Accept General Not accept

Animal Science and Food Technology. 2022. Vol. 13, No. 3
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Statistical analysis: The measurement index was
repeated 3 times, and the data results were expressed as
mean * standard deviation (X*S). Microsoft Excel 2017
software suite was used to draw charts.

Results and Discussion

The effects of different taro paste additions on the pH,
moisture content, cooking loss, and emulsion stability of
poultry sausages are shown in Table 3. Compared with the
control group T1, the addition of taro paste had a signifi-
cant effect on the moisture content, pH, cooking loss, and
emulsion stability of duck sausage (P<0.05). With the in-
crease of the amount of taro paste, the pH value of the
sausage first increased and then decreased. When the
amount of taro paste was 80 g (T4 group), the pH value of
the sausage reached the highest; the moisture content of
the sausage first decreased and then increased. When the
amount of taro paste was 70 g (T3 group), the moisture con-
tent was the lowest, and there was no significant difference
with the sausage moisture content of T4 group (P>0.05).

The cooking loss and emulsion stability of sausage did not
change regularly. When the addition amount was 80 g,
the cooking loss, water loss, and fat loss reached the
lowest value, which was significantly different from the
control group (P<0.05), which may be related to the water
absorption characteristics of dietary fibre in taro puree.
When the amount of mashed taro was more than 80 g,
the cooking loss of the sausage gradually increased, which
indicated that the water retention of the sausage became
poor, resulting in a serious loss of the sausage juice. The
study by J. Li et al. [19] showed that when 10% taro was
added to the pork patty, the cooking yield was the highest,
and when the addition amount exceeded 10%, the steam-
ing yield of the pork patty decreased. This shows that the
addition of taro paste can effectively improve the quality
of duck sausage. The T4 group (the addition amount of
taro paste is 80 g) has the highest pH value, the lowest
cooking loss rate, and the highest emulsification stability
(P<0.05). The optimum addition amount of taro paste to
duck sausage is 80 g.

Table 3. Effects of different mashed taro instead of potato starch on pH, moisture content,
cooking loss and emulsion stability of duck sausage

Treatments pH Moisture content  Cooking loss, % Water loss, % Fat loss, %
T1 6.06 £0.15¢ 64.69 +0.33" 0.18+0.01¢ 0.15+0.02¢ 0.03+0.02®
T2 6.07 £0.15 67.20 + 0.45° 0.17 +£0.01¢ 0.16 £0.01¢ 0.01 £0.01
T3 6.10+0.15° 59.58+0.734 0.25+0.01¢ 0.24 +0.01¢ 0.02 £0.02®
T4 6.23+0.15% 60.54 +1.144 0.12£0.01¢ 0.11 £0.00f 0.01 £0.01°
T5 6.11+0.10° 62.99+0.17 0.29 £0.00° 0.26 +0.01° 0.03+0.01
T6 6.09 £0.12b¢ 63.07 £0.16¢ 0.36 +0.02? 0.32+0.012 0.04 +0.01°

Colour is an important parameter of sausage. The
effect of different taro paste additions on the colour of
duck sausage was shown in Table 4. The results showed
that L* and a* first increased and then decreased (P<0.05),
while b* decreased first and then increased (P<0.05) with
the increase of taro puree. It can be seen from the results
that adding 80 g of taro paste (T4 group) can significantly

increase the brightness value L* and redness value a* of
duck sausage, and reduce the yellowness value b* of sau-
sage, which shows that adding a certain amount of taro
paste can significantly increase the brightness of duck sau-
sage. This is conditioned by the decrease in colour bright-
ness caused by the presence of purple fibrous filamentous
substances in areca taro [20].

Table 4. Effect of different taro paste additions on the colour of duck sausage

Treatments L* a* b*
T1 56.32+0.05¢ 8.28 £0.20¢ 11.14 +£0.12%
T2 60.31 £0.14¢ 10.20 £0.11° 11.42 £0.24%®
T3 62.59 +0.96° 10.32 £0.25° 11.66 + 0.59°
T4 62.46 £ 0.50% 11.29 £0.09* 10.32 £ 0.40¢
T5 61.68 +0.24° 10.98 +0.39° 10.78 £ 0.13b¢
T6 59.59+0.41¢ 10.20 £ 0.29° 11.13 £ 0.40®

Compared with the control group T1, the addition of
taro paste had a significant effect on the hardness, stickiness,
and chewiness of duck sausage (P<0.05), but had no signifi-
cant effect on elasticity, cohesion, and recovery (P<0.05). The
findings obtained by X. Guo et al. [12] showed that the addi-
tion of taro paste had a great influence on the stickiness and
chewiness of taro meatballs, but had no significant change
in springiness, hardness, and cohesion. Compared with the
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control group, the hardness, stickiness, and chewiness of the
sausage first decreased and then increased with the increase
of the amount of taro paste, while the elasticity, cohesion,
and recovery did not change significantly. It shows that the
addition of taro paste can effectively reduce the hardness,
stickiness, and chewiness of duck sausage. The duck sausage
in group T4 (the addition of taro paste is 80 g) is firm and
elastic, and has the best texture and taste.
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Table 5. Effects of different taro paste additions on texture properties of duck sausage

Treatments Hardness Springiness  Cohesiveness Gumminess Chewiness Resilience
T1 9,564.08 + 54.82*  0.92 +0.05% 0.82 £0.042 7,884.15 +441.728  7,222.20 + 753.522 0.46 £0.032
T2 7,395.92 £ 68.39°  0.94 £0.03* 0.79 £ 0.07° 5,874.45+447.70° 5,515.97 £502.21>  0.43+0.04°
T3 7,261.53 £ 54,98  0.88 +0.03 0.84 £0.04° 6,114.56 + 286.59° 5,368.97 £414.37*  0.45+0.03*
T4 5,284.02 + 106.95¢  0.86 *0.02° 0.82 +0.04? 4,338.90 £215.08¢ 3,712.84 £ 223.07¢  0.44 +0.03*
T5 5,522.35+81.03¢  0.87 £0.03* 0.81+0.04° 4,453.19 £272.37¢ 3871.33+303.49¢  (0.42+0.03°
T6 6,277.13+157.44¢  0.91 £0.05%® 0.83£0.07° 5,176.56 = 339.22¢  4,719.49 + 571.30 0.42 +0.052

In addition, the shear force value is an important
indicator for evaluating the tenderness of meat and meat
products, and the smaller the value, the better the tender-
ness of meat. As can be seen from Figure 1, compared with
the control group T1, the shear force of the sausage showed
a trend of first decreasing and then increasing with the in-
crease of the amount of mashed taro (P<0.05), indicating
that the mashed taro can improve the sausage within a
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certain range of addition, but it will reduce the tenderness
of the sausage beyond a certain range. The results showed
that with the addition of 80 g of taro puree (T4 group), the
shear force of the sausage was the lowest, indicating that
adding 80 g of taro puree could make the sausage tender-
ness the best, which was consistent with the measurement
results of texture. The water distribution results of the sau-
sage after adding the taro paste were shown in Figure 2.

T1 T2

T4 T5 T6

Treatment

Figure 1. The effect of different taro paste additions on the shear force of sausages
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Figure 2. The results of the effect of adding taro paste on the moisture distribution of sausages

It can be seen from Figure 2 that the duck sausage
has 3 peaks, and the 3 peaks from left to right are bound wa-
ter (T2b), difficult-to-flow water (T21), and free water (T22).
Compared with the control group TI1, different addi-
tions of taro paste can change the internal water distribu-
tion of the sausage. The bound water relaxation time of the
T3 group shifted towards the longer relaxation time, while
the bound water relaxation time of the T2, T4, T5, and T6
groups all shifted towards shorter times, among which the

T4 group had the shortest relaxation time for bound wa-
ter, which indicated that the water was tightly bound to the
protein and was not easily lost. It can be seen from the peak
area of the difficult-to-flow water that the non-flowable
water content of the sausage in the experimental group
was higher than that in the control group. The content of
flowing water was not a significant change in the relax-
ation time of free water, which indicated that the addition
of taro paste changed the bound water and difficult-to-flow
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water in the sausage, so that the water in the sausage was
tightly combined with the protein. Yi. Chen et al. used the
pre-emulsion to replace the fat in the frankfurter sausage.
The results also showed that the three water relaxation
times shifted towards shorter relaxation times, which also

showed that the original non-flowing water in the sau-
sage was more closely combined with the protein in the
meat [15].

The results of the sensory evaluation of sausages
are shown in Table 6.

Table 6. Effect of taro paste on the sensory evaluation of sausage

Treatments Colour Flavour Texture Integrated grade
T1 5.87+0.15¢ 6.47 £0.21¢ 6.43+0.12¢ 6.77+£0.12¢
T2 6.63*0.21¢ 6.93 +0.15¢ 6.87 £0.21b 7.23+0.21°
T3 6.97 £0.15° 7.37+0.12° 7.13£0.15° 7.50 £0.20°
T4 7.57 £0.21° 8.07+0.212 7.77 £0.25° 8.13+0.15°
T5 7.13+0.15° 7.70 £ 0.20° 7.03 £0.15° 7.40 +0.20°
T6 7.03+0.21° 7.57+0.21° 6.67 £0.21 7.23%0.15°

The sensory evaluation of sausage showed a trend
of first increasing and then decreasing with the increase of
taro puree (P<0.05), and the sausage in the experimental
group (T4) with the addition of 80 g taro had the highest
sensory evaluation score.

When the amount of mashed taro added is low,
the flavour of the mashed taro in the sausage is too light,
and the fragrance of mashed taro can hardly be felt, with
a heavy fishy smell and more pore looseness, decreased
elasticity, and more pores. When the amount of taro puree
added was 80 g, the taro puree in the sausage had a mod-
erate aroma, less fishy smell, firm texture, better elasticity,
and higher overall acceptance. It shows that the moderate
amount of taro paste can significantly improve the sensory
quality of duck sausage.

Conclusions

Excessive nutrition accelerates the occurrence of cardiovas-
cular and cerebrovascular diseases. Reducing the fat content
and improving the nutrient content of food is a research

hotspot. The research focus of developing a nutritious sau-
sage product is to add taro, a nutritionally balanced plant
material rich in dietary fibre, to duck and chicken sausages.
This study paid more attention to the characteristics of sau-
sages while changing the composition of raw meat and in-
creasing dietary fibre to change the nutritional composition.

The effect of different taro paste additions on the
quality of duck sausage was investigated, and the duck
sausage was evaluated by analysing the sausage pH, tex-
ture, shear force, cooking loss, emulsion stability, colour
difference, sensory evaluation, and moisture distribution
dynamics. It was determined that the optimum addition
amount of taro paste was 16% (80 g/500 g poultry) and
duck-chicken sausage had the highest pH value, and the
moisture content, cooking loss, hardness and chewiness,
and yellowness value were significantly reduced (P<0.05),
the brightness value and redness value of the sausage were
improved, and the sausage obtained good colour and taste.
The findings can provide reference for the development of
new poultry sausage products.
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BniuB pi3HUX KOHIIEHTpalliii macTu Tapo
Ha CEHCOPHi XapaKTepHuCTUKH KOBOAC 3 M’sica ITHIIi

Illan ®eiideii’?, Jlapuca Bamyasisaa banbs-IIpuannko®, Terssna AnarosiiBHa Kpiokebkal,
CeiTiana I'puropiBua Jlammienko>4, llyanb Wkenbxya?, lIBitana Onekcanapisua Koposb®

!CyMcbKMIt HalliOHAJIbHIUI aTpapHUii YHIBEpCUTET
40000, Byn. l'epacuma KonapartbeBa, 160, m. Cymu, YkpaiHa

2YHiBepcuTeT Xeuxkoy
542899, Byin. CixyaHb, 18, M. Xeuskoy, Kuraii

SHarioHayibHUIT YHiBEpCUTET OiopecypciB i MpUPOAOKOPUCTYBAHHS YKpaiHu
03041, Byn. I'epoiB O6oponn, 15, m. Kuis, Vkpaina

‘THCTUTYT TpOmOBOILUMX pecypciB HAAH

02000, Bys1. €Brena CeepcTioka, 4A, M. KuiB, Ykpaina

*THCTUTYT MiISAUTIIIOMHOI ocBiTH HYXT
03190, By:n. EcToHCbKa, 8A, M. Kuis, Ykpaina

Anotaiis. KoB6acHi BUpo6M MalTb BMCOKMIT BMICT XMUDY, IIO € IIKiAJIMBOIO BIACTMBiCTIO KOBGacu. MeTta poboTu —
PO3p0o06Ka HEKMPHMX, TIOKMBHO 30aIaHCOBaHMX KOBOACHMX BMPOG6iB. O6’€KTOM IOCTiIKEHHS OY/IM B3SITi KOBOACHI BUPOOU
3 M’sica iTuili. [IpegMeT JOCTiIKeHb : 3MiHM SIKICHMX XapaKTePUCTUKY KOBOACHUX BUPOOiB 3 M’sica IITHUIIi Bi/l BUKOPUCTAHHS
Ppi3HUX 1,03 MIOpe Tapo, KapTOIUITHOTO KPOXMaio, crelliit. MeTonu nociimkeHb: ¢i3uko-ximMiuHi BaacTuBocCTi (Bonora, pH,
BTpaTy TPy BapiHHi, CTaGiIbHICTb eMyJIbCii), KOMipHi Ta CEHCOPHI XapaKTepPUCTUKY TOTOBUX MPOAYKTIB. [jis mociimy
roTyBaiu dapi 3 m’sca mTuiii mo 500 r (CIiBBiJHOIIEHHS M’sica KauKu Ta KypKu 3:2), 1 6 mocmimuux rpyn (I 1~716) mo sKux
momaBamm O, 60T (12 %), 70T (14 %), 80T (16 %), 90 T (18 %), 100 T (20 %) 11acTu Tapo BigmoBigHo. ONTMMaIbHA KiJIbKiCTh
acTM Tapo 0 KauMHO-Kypsiuoi KoB6acy 6ysia BM3HAUEHa IJIIXOM aHajli3y 3HaueHHsI pH KoB6acu, TEKCTYPH, HAITPYsKeHHSI
3CYBY, BTpaTH IPU BapiHHi, CTabiIbHOCTI eMYyJIbCii, KOMIbOPY, KiIHETUKY PO3ITOAiITY BOJIOTY T8 CEHCOPHOI OLIiHKU. 3’ICOBAHO,
110 JOJABaHHS MMAacTy Tapo 3MiHIOE CTPYKTYPY KOBOACK 3 TITHUIII Ta HaJae KoB6aci HEMMOBTOPHMI apoMart. JoCTimKeHHs
TOKa3aJIn, 1o KaunmHo-Kypsiua KoB6aca 3 momaBaHHsaM 80 1 (16 %) mactu Tapo Masa HaviBuiumii pH. Bmict Bosoru, BTpara
TPV BapiHHi, TBEPHAiCTb i )KyBasbHA 3AATHICTb, & TAKOXK 3HAUEHHS JKOBTU3HY 6y Hyskdi (P < 0,05). 3HaUeHHS SICKpaBOCTi
Ta YepBOHOCTI KoB6Gacu 6yo mokpaieHo. OOGIPyHTOBAHO, 1[0 COCUMCKM 3 KaUMHO-KYpPSIUMX M’sca 3 JOJaBaHHSIM 16 %
IOpe Tapo MaJii HaiiKpaluii Kolip, CCHCOPHY OLIiHKY TEKCTYpM Ta MEHIIi BTpaTu MMpu BapiHHi. [TokazaHo, 110 OTpUMaHi
pes3ynbTaTy MOCTiIKEHHS JO3BOISIIOTh PO3POOUTH KOBOACY 3 ITUIII, 1[0 MiCTUTh POCAMHHMIT MaTepias, i B TO ke yac
3a6e3MeUNTY TeXHIUHY MiATPUMKY JJIST 3aCTOCYBaHHS MACcTM Tapo B KoB6aci i3 M’sca mTuili

KirouoBi cs1oBa: KauMHO-Kypsiua KoB6aca, BTpaTy 3a KyJliHapHOI 06pO6KM, SIKiCHI XapaKTepUCTUKM, CEHCOPHA OIIiHKa,
CTa6ibHICTb eMYJIbCil
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Influence of the qualitative and quantitative composition of the queen-rearing colony
and the number of grafted larvae on the weight of queen bees
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Abstract. The relevance of the study is conditioned by the practical need to determine the optimal number of grafted
larvae in the queen-rearing colony when breeding queen bees. The purpose of the study was to investigate the influence
of the qualitative and quantitative composition of bees and brood in the queen-rearing colony on the reception of queen
larvae and the weight of reared queen bees. The study was conducted using bees of breed Apis mellifera sossimai. To
complete the tasks set, control and experimental groups of three bee colonies each were formed. The difference between
the control and experimental groups was the different age ratios of bees and the number of open and sealed broods. In
each group of colonies, 30, 40, 50, 60 larvae were alternately grafted at a time with an interval of 5 days, the percentage of
their reception, the output of queens and their weight were determined by counting the number of larvae that the bees fed
and from which the queens came out, and the weight of queens was determined on laboratory scales during the first four
hours after leaving the queen cell. A total of 862 queen bees were bred and studied. During the research, it was found that
in the colonies of the experimental group, if they were grafted from 30 to 40 larvae, the percentage of their reception was
88.1-86.2%, respectively. Analysing the weight indicators of queens obtained with a given number of grafted larvae, it was
found that it was 195.0-197.3 mg, there was no significant difference with the corresponding indicators of the control group.
However, with the subsequent loading of queen-rearing colonies in the experimental group with 50 larvae, the percentage
of their reception prevailed by 18.2%, and the weight of queens exceeded similar indicators of the control group by 10%.
Notably, the average weight of queens in the control group was 176.3 mg, which is 8.7 mg less than the requirements
for the weight of infertile queens established by the breed standard. With a further increase in simultaneously grafted
larvae in the queen-rearing colony to 60 units, the rate of their admission in the experimental group decreased by 5% and
amounted to 80.5%. At the same time, in the control group, larval reception and queen weight decreased to unacceptable
levels and amounted to 67.5% and 172.4 mg, respectively. Therefore, by increasing the number of nurse bees and reducing
the number of open brood in the queen-rearing colony, better conditions are created for growing high-quality queen
bees, which, in turn, allows simultaneously grafting 48% more larvae compared to the conventional method. The results
of the study are of practical value for improving the methods of establishing queen-rearing colonies during the artificial
breeding of queen bees

Keywords: Apis mellifera sossimai, bee brood, larval reception, queen quality, royal jelly, queen larvae

Introduction

Honeybees (Apis mellifera L.) are social insects that live in  queen is a fertile female, whose main duty is to lay eggs [1].
colonies characterised by a cooperative system of brood In addition, the queen maintains the cohesion of the colony
care, generational overlap, and reproductive distribution by continuously producing a “bouquet” of pheromones
of functions. In such an organised biosocial structure, the that actively spread in the nest. They prevent worker bees
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from replacing the queen and developing their ovaries [2].
The development, productivity, and survival of a bee col-
ony largely depend on the health and physical fitness of
its queen and the drones with which it mates [3]. The bee
colony is negatively affected if the queen shows any defects
or gets sick and stops laying eggs [1; 4]. In addition to pes-
ticides, parasites, and pathogens, queen loss is considered
the most important factor leading to the loss of bee colo-
nies worldwide, especially when it occurs outside the ac-
tive queen breeding season [5]. There are many indicators
that can be related to the quality of the queen, which is a
result of its genetic origin, development conditions, mat-
ing quality, and its habitat, including beekeeper care [6; 7].
The most intuitive are the physical indicators of the queen,
such as body weight, which significantly correlates with its
morphological measurements and the productivity of the
bee colony [8-10]. Weight has also been found to positively
correlate with successful queen reception in new colo-
nies [11]. Body weight also positively correlated with the
reproductive organs of the queen, such as the ovaries and
the number of egg tubes, the diameter of the sperm, and
the number of sperm stored [12]. Some researchers [13]
have argued that queen body weight may represent an in-
tegral measure of size and physiological state. Therefore, it
can be considered one of the most informative indicators of
the quality of the queen.

The formation of the queen bee’s body occurs in the
early stages of ontogenesis. It is known that the quality of
feeding the brood largely depends on the quality of future
queens [14; 15]. Nurse bees under the age of 18 days ac-
tively take part in this process. This group of bees has royal
jelly, which is necessary for the development of the queen.
At the same time, it was found that bees secrete two frac-
tions of royal jelly, so bees of 12 days of age secrete a white
fraction of jelly enriched with proteins, and slightly older
(17 * 2) - a transparent one rich in carbohydrates [16]. In
the process of feeding queen larvae, the quality of feed is
constantly changing, which is determined by the ratio of
these fractions [17]. Consequently, the shortage of young
bees in the nest of queen-rearing colonies can negatively
affect the development of the queen bee brood, and, ac-
cordingly, the quality of the resulting queens. There are
no recommendations for compliance with certain require-
ments of the state of the queen-rearing colony and the
specifics of its formation in different periods of the queen
breeding season.

Given these circumstances, the purpose of the study
was to investigate the influence of bee age groups and the
ratio of brood (open and sealed) in the nests of queen-rearing
colonies on the reception of queen larvae and the weight of
reared queen bees

Literature Review

The quality of artificially bred queen bees undergoes sig-
nificant changes during the season. Researchers explain
this by the different states of queen-rearing colonies, the
amount of feed, weather conditions, etc. [18]. In addition,
some researchers have argued that the quality of queen
bees depends on the genotype, nutritional factors, growing
methods and period, the age of the grafted larvae, and the
number of larvae that are grafted into each queen-rearing
colony [19]. The number of grafted larvae and their age can

be easily regulated by beekeepers who plan to breed queen
bees. The optimal number of grafted larvae is the one that al-
lows growing the maximum number of high-quality queen
bees. If the number of grafted larvae is greater than opti-
mal, the quality of queen bees begins to decrease [17; 19].
The quality of queens decreases with the increasing age of
grafted larvae, and vice versa. Queens grown from one-day-
old larvae are known to be heavier than queens grown from
two-and three-day-old larvae, just as queens grown from
two-day-old larvae are heavier than queens grown from
three-day-old larvae [20]. Researchers have found that bees
are able to take an active part in the rearing of queen larvae
only from the age of five days, and the best results were
obtained in the presence of worker bees of 9-12 days of
age [21]. Under conditions of older age (13-20 days), bees
were raised next to full-fledged queens, transitional forms,
and even older nurses — dwarf queens [22]. It has been ex-
perimentally found that strong colonies with a large num-
ber of nurse bees provide better conditions for growing
queen larvae. An approximate sign of the number of young
bees can serve as the number of brood in the queen-rearing
colony [23].

To obtain high-quality queens, it is important that
the age composition of the queen-rearing colony and the
presence of open and sealed brood are optimal. The first
reports on this issue are found in the study by S.C. Jay [24].
The researcher pointed out that the amount of larval food
depends on the general condition of the queen-rearing col-
ony, and especially on the presence of open brood in its
nest. The absence of open brood in the queen-rearing col-
ony significantly increases the amount of food for larvae.
Consequently, an increase in the number of open brood in
the queen-rearing colony leads to a decrease in the intensity
of larval feeding. Later, researchers investigated that the
amount of royal jelly in the queen cell depends more on the
state of the colony (the number of nurse bees, the availabil-
ity and reserves of food in the nest, honey collection, etc.)
than on the presence or absence of open brood [4; 21].

In previous studies, the optimal composition of the
queen-rearing colony was determined by the ratio of the age
groups of bees (75% of nurse bees and 25% of flying bees) and
open to sealed brood (1 to 5) [23]. However, it was important
to find out how many grafted larvae such colonies can grow
without reducing the quality of the resulting queen bees.

Materials and Methods

The study was conducted on the premises of the Holosiivskyi
educational and experimental apiary of the National Uni-
versity of Life and Environmental Sciences of Ukraine in the
period from May to July 2022.

A control and experimental group of queen-rearing
colonies were developed, which had 10 kilograms of carbo-
hydrate feed each and tightly seeded 12 frames, of which
8 were with brood. The difference between them was the
different ratio of working individuals, the number of open
and sealed brood. Each group consisted of three bee col-
onies. The ratio of the age groups of bees and brood re-
mained unchanged (natural for this period of time). Experi-
mental colonies were formed from 75% of young and 25% of
flying bees, this ratio of bees was achieved by shifting the hive
approximately 1 m relative to its original position, then the
intensity of the flight of bees was visually observed, and if
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necessary, the hive was shifted to achieve the required ratio
of flying bees in it. The general scheme of the method of pre-
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paring a queen-rearing colony, considering the age ratio of
bees, is shown in Figure 1.
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Figure 1. Diagram of moving hives when establishing a queen-rearing colony with the required number of flying bees,
(top view): A — location of the bee colony hive before the formation of nucleus and nurse;
B - hive of the queen-rearing colony moved to the left after forming a nucleus;
C - location of the beehive with nucleus; 1 — hive opening; 2 — honeycomb; 3 — insulation cushion;
4 —partition; 5 — hive body. Arrows indicate the direction of the bees’ flight

The ratio of open and sealed brood in the experi-
mental colonies was 1:5, honeycombs with extra open brood
were moved to other colonies, and the required amount
of sealed brood was taken from donor colonies. In total,
there were 7 honeycombs with brood in the colony. Due
to the use of the method of shifting the hive of the future
queen-rearing colony, some of the flying bees move from
its nest to another hive or department with a separate
opening, but the nurse bees of the queen larvae remain in
the queen-rearing colony. 12 hours before the larvae were
grafted for queen rearing, the queen was selected in colonies
and a space was left in the middle of the nest for setting
up a grafting frame with larvae. Experimental colonies re-
ceived open brood from donor colonies every 6 days, and
after 12 days — sealed to maintain a constant ratio between
them. Colonies in the control group were replenished with
only two frames of sealed brood after 12 days.

Grafting of larvae was carried out in artificially
made wax bowls, which were fixed on the grafting frame
in three rows. 24-hours old larvae were taken for grafting.
During the research, 30 to 60 larvae were grafted in the
queen-rearing colony at intervals of 5 days. Two days after
the transfer of larvae, the percentage of their reception by
queen-rearing colonies was checked. The quality assess-
ment of infertile queen bees was carried out based on the

determination of their weight in the first 4 hours after their
exit from the queen cells using WALCOM 1b202 laboratory
scales. A total of 862 queens were evaluated during the
study.

Results and Discussion

The process of establishing a queen-rearing colony is a
defining stage in the technology of breeding queen bees.
That is why many researchers have tried to determine the
optimal way to establish them [21; 22; 24]. However, the
vast majority of researchers describe methods that are
based on general recommendations for the preparation
and establishment of queen-rearing colonies [17; 19].
Based on previous studies, it was found that the best re-
sults in growing queens are obtained from queen-rearing
colonies formed with a certain ratio between nurse bees
and flight bees, as well as open and sealed brood [23].

As a result of the study to determine the optimal
number of grafted larvae in queen-rearing colonies, which
are formed considering the ratio between the age groups of
bees and the number of open and sealed brood (experimental
group), it was established (Table 1) that the percentage of
larval reception in the 30-piece grafting variant was 88.1%,
and no significant difference was found with the colonies
of the control group.

Table 1. Influence of the method of establishing a queen-rearing colony on the reception of larvae
and the weight of infertile queen bees, n = 862

Groups
Indicators Given larvae, units -
Experimental ‘ Control
30 88.1 = 2.65 87.7 = 2.53
Percentage of larval 40 86.2 + 2.41 81.6 + 2.34
reception, % 50 84.3 = 1.40™ 71.3 £ 0.90
60 80.5 + 0.79™ 69.7 + 0.94
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Table 1, Continued

. . 3 Groups
Indicators Given larvae, units
Experimental Control

30 26.4 % 0.66 26.3+0.63
40 34.4+0.71 32.6+0.71

Received queens, units
50 42.1+£049™ 35.6+0.32
60 48.3+0.32™ 41.8+0.37
30 197.3+1.14 193.6 £0.85

Weight of queens, mg 40 195.0 £ 1.00 185.4£1.06
50 193.7 +£1.25™ 176.3+1.54
60 190.3+1.25™ 172.4+1.21

Note:”" - P < 0.001 significantly relative to the control group

With a further increase in the number of larvae
that were grafted in the queen-rearing colony, there was
a tendency to gradually decrease the percentage of larval
reception. Thus, under the conditions of grafting 40 larvae
in the queen-rearing colony, the bees provided 86.2% rear-
ing, which is 5% more than in the control group, and when
grafting 50 larvae, the percentage of admission in the col-
onies of the experimental group was 84.3%, which is 18.2%
more compared to the control group. In the case of trans-
mission of 60 larvae to queen growing, the percentage of
admission in the experimental group decreased by 5% with
the previous variant (50 larvae), but in the control group
there was still a significant decrease in the percentage of
admission to the level of 65.7%, this, in turn, is 22.5% less
compared to the indicators of the experimental group, the
difference is highly significant (P<0.001).

As a result of the study, there is a tendency to grad-
ually decrease the percentage of larval reception with
an increase in the number of grafted larvae. Thus, when
growing queen larvae in the amount of 30 to 40 units by
queen-rearing colonies, there was no significant difference
in the reception of larvae by the colonies of the control and
experimental group, only when 40 to 60 larvae were grafted,
there was a predominance of 18-22.5% in the reception of
larvae by the colonies of the experimental group. The output
of infertile queens also corresponded to this trend.

Queens with the highest weight were obtained under
the conditions of grafting 30 larvae in the queen-rearing
colony, their average weight was 197.3 mg, which is 2.0%
more than the same indicators of the control group. There
was no significant difference between these variants com-
pared to the control group. In the future, with an increase
in the number of grafted larvae, this indicator gradually
decreased, so when 40 larvae were transferred to grow-
ing, the weight of infertile queens in the colonies of the
experimental group was 195 mg, which is 5.2% more than
in the control group. When grafting 50 larvae, the queens
of the experimental group had an average weight of 193.7 mg
and prevailed in this indicator by 10% over the queens of
the control group, which did not meet the breed standard
by average weight. With a further increase in the load of
queen-rearing colonies with larvae for growing queens,
there was a further decrease in the weight of infertile
queens received, in particular, in the experimental group
it was 190.3 mg, which is 10.4% more compared to the
weight of queens received from the colonies of the control
group. The difference between the weight of queens raised

in queen-rearing colonies with a load of 50 to 60 larvae is
significant (p < 0.001).

According to the standard of the Ukrainian steppe
bee breed, the weight of infertile queens should be at least
185 mg. These requirements were met by the queens of
the control group of colonies under growing conditions
from 30 to 40 larvae. At the same time, when establishing
queen-rearing colonies, considering the ratio of the age
composition of bees, and the ratio of open to sealed brood,
it was possible to obtain infertile queens, which even with
an increase in grafted larvae to 60 units met the require-
ments of the standard for this breed of bees, since they had
an average body weight of 190.3 mg.

Artificial breeding of bees is a responsible process
in which many factors must be considered to achieve the
desired result. Thus, the period of the season affects the
physiological state of colonies, which, in turn, affects the
tendency of bees to raise queens [7]. Since the preparation
of the queen-rearing colony is an important technological
element in the growing of queen bees, therefore, many re-
searchers put forward similar requirements for the state of
the queen-rearing colony, and note that it must be healthy,
have a force of at least 12 compartments with bees of dif-
ferent ages, 7-9 honeycombs with different ages of brood,
and feed supply at the level of 10-12 kg [17; 18]. The re-
searchers also paid much attention to the investigation of
the influence of the general condition of the queen-rearing
colony on the quality of the queens received, but the re-
searchers did not give specific ratios for different ages of
bees in colonies. When studying the influence of working
individuals on the cultivation of brood in a queen-rearing
colony, researchers found that the level of feeding of queen
larvae depends on the presence of young bees in its compo-
sition [4; 21; 22]. However, there are no uniform recommen-
dations among researchers regarding the number of larvae
that are transferred for growing to the queen-rearing colony.
Some researchers claim that the queen-rearing colony,
which is established by the method of complete orphan-
hood, can be grafted with 60 larvae or more [19], others, on
the contrary, prove the opposite, that their number should
not exceed 20-30 units [18]. Analysis of the vital activity of
bee colonies throughout the spring-summer season showed
that even under optimal conditions in the nests of bee col-
onies, there was no condition that 75% of young bees were
in their nests, and the ratio between open and sealed brood
was 1:5 [23]. At the same time, in some cases, bee colonies
create conditions in their nests that are similar to those
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that were in the colonies of experimental groups when con-
ducting these studies. This applies to swarming. Admittedly,
swarm queens are characterised by high quality if bees raise
them in strong colonies, in the presence of honey collection
and favourable weather [6; 7; 10]. Given these conditions, as
a result of the conducted research, it was first established
that when establishing queen-rearing colonies in the nests
of which mainly young bees are concentrated and the share
of open brood is reduced, it is possible to increase the num-
ber of larvae grafted on queen growing to 60 units. At the
same time, the yield of queen bees and their weight is ensured
at a high level.

Conclusions

As a result of the conducted studies to determine the op-
timal number of grafted larvae in the queen-rearing col-
ony, which are established considering the ratio between
the age groups of bees and the number of open and sealed
brood, it was found that the percentage of larval reception
under grafting conditions from 30 to 40 units was 88.1-86.2%,
respectively. The average weight of infertile queens ob-
tained within this series of graftings in the experimental
group was 195.0-197.3 mg, there was no significant differ-
ence with the colonies of the control group. With a further
increase in the number of larvae that were grafted in the

queen-rearing colony, there was a tendency to significantly
decrease the percentage of larval reception. When grafting
50 larvae, the percentage of reception in the experimental
group was 84.3%, which is 18.2% more than in the control
group, the average weight of queens was 193.7 mg, which is
10% higher than the weight of queens in the control group.
When grafting 60 larvae, the percentage of reception in the
experimental group decreased by only 5% with the previ-
ous variant (50 larvae), but in the control group there was
still a significant decrease in the percentage of reception
to the level of 65.7%, which is 22.5% less compared to the
indicators of the experimental group, the difference is sig-
nificant (P < 0.001).

Thus, it was found out that when establishing a
queen-rearing colony, which includes 75% of nurse bees
and 25% of flying bees, the ratio of open to sealed brood
is 1 to 5 allows increasing the number of grafted larvae by
20 units compared to the conventional method of estab-
lishing a queen-rearing colony and bringing it to 60 larvae,
their reception is at the level of 80.5%, and the average
weight of queens is 190.3 mg, which corresponds to the
breed standard.

The results of the study will contribute to improving
the methods of establishing queen-rearing colonies during
the artificial breeding of queen bees.
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BnyiuB AKRICHOrO i KiJIBRICHOTO CKJIaAy CiM’I-BHXOBaTeJIbKH
Ta KiJIbKOCTi IPUIEeNJIEHNX THYNHOK Ha Macy 0/;KOJIMHUX MAaTOK

Muxona Bomogumuposuu BoitHasmoBuy, Basepiit ImutpoBuy BpoBapchbKumii,
Irop IBaHoBUY I'otoBerbKMI

HarioHanbHMIT yHiBepcuTeT 6iopecypciB i MpUpomoKopuCcTyBaHHS YKpaiHu
03041, Byi. l'epoiB O60oponu, 15, M. Knis, Vkpaina

AHoOTaIisl. AKTYaJbHICTb MOCTiIKEHHSI 3yMOBJIeHA MPAKTUYHOI HEOOXiMHICTI0 BM3HAUEHHS OMTMMAJIbHOI KiJbKOCTi
MPUIIEIVIEHUX JIMUMHOK Y CiM’1-BUXOBATENbKM MPY BUBENEHHI GIKOMMHMX MATOK. MeTOI AAaHOTO AOCTIIKEHHS OY/I0
BMBUEHHS BIUIMBY SIKiCHOTO i KiJIbKiCHOTO CK/Iaay 6/Kii Ta pO3IIOAY B CiM’i-BMXOBaTebIli HA TPUITOM MaTOUHMUX IMYMHOK i
Macy BUPOIIeHUX 6IKOMMHUX MaTOK. JToC/iIskeHHSI TPOBOAMIIN 3 BUKOPUCTAHHSM 63kin pacu Apis mellifera sossimai. 1jist
BMKOHAHHS MOCTaBJAEHMX 3aBJaHb 6y/710 chOPMOBAHO KOHTPOIbHY i OCTIAHY IPYIM 10 TPY OIKOMMHUX CiM’i B KOKHiA.
PisHuIs MiXK KOHTPOJIBHOIO i JOCTITHOI0 TPYIOI0 TMOJsATajga y pi3HOMY BiKOBOMY CIiBBiHOIIEHHI OKiA Ta KibKOCTi
BiIKPMUTOTO i 3ameyaTaHoro po3ruiony. Y KOKHY TPyIy ciMeii o uepsi mpumieruiioBanu 30, 40, 50, 60 TMUMHOK 32 OOVH
pas 3 iHTepBajoM 5 [1i6, BU3HaYa/IM BiICOTOK iX IPUItOMY, BUXIi/ Ii/IOBMX MaTOK Ta iX Macy HIIIXOM ITiIpaxyHKy KiJIbKOCTi
JIMUMHOK $SIKi GIKOMM roayBasin, Ta 3 SIKMX BUIMIUIM MaTKM, BUSHAUEHHS Macy MaTOK 3[iiICHIOBaIM Ha J1ab0paTOPHMUX
Barax BIPOJIOBXK MEPIIMX YOTUPbOX F'OAVH ITiC/Is BUXOMY 3 MaTOYHMKA. Bcboro 6y/io BUBeIEHO Ta JOCTiKeHO 862 6IKOMMHI
maTku. ITig yac mpoBeieHHS AOCTIIKEHDb 3’ICOBAHO, IO B CiM’SIX JOCTIIHOI TPyMy, 32 YMOBU MpuUIleIvieHHs iM Bifg 30 mo
40 MMYMHOK, BifICOTOK iX rpuitomy craHoBuB 88,1-86,2 % BimMoOBigHO. AHATI3yIOUM MOKA3HUKM Macyu MaTOK, OfiepKaHuX
3a JaHOi KiJIbKOCTi IPMINEIUIEHNX JUMUYMHOK, BCTAHOBJIEHO, 10 BOHa craHoBmaa 195,0-197,3 mr, BapTo BigMiTUTH, 11O
BiporimHoi pi3HMIIi 3 BiAITOBiAHMMM ITOKa3HMKAMM KOHTPOIbHOI IPyIy He BusiBjieHO. OmHaK 3 IoJabIIMM HaBaHTaKeHHSIM
cimeli-BMXOBaTENIbOK JOCTIIHOI Tpymu 50-Ma JIMUMHKAMM, BiICOTOK iX MpuitoMy nepeBaxkaB Ha 18,2 %, a Maca MaToOK Ha
10 % aHasnoriuHi MOKa3HMKM KOHTPOIbHOI Irpynu. BapTo BiiMiTH, 110 cepeHS Maca MaTOK y KOHTPOJIbHIl IPyIli CTaHOBM/IA
176,3 mr, 1m0 Ha 8,7 Mr MeHIlle 3a BCTAHOBJIEHI CTAHZAPTOM IMOPOAM BUMMOTU A0 Macu HeIUTiHUX MaTok L€l pacu. [Ipu
MOJA/ILIIIOMY 361/TbIIEHHI OHOYACHO MPUILEIUIEHNX JIMIMHOK Y CiM’i-BuxoBaTenbky 10 60 MITYK, TOKa3HUK iX MPUtoMY B
TOOCTiAHI rpymi 3HM3UBCS Ha 5 % i craHoBUB 80,5 %. B TOJ 3Ke yac, y KOHTPOJbHIi IpyIIi MPUitoM JIMYMHOK Ta Maca MaTOK
SHUBUIIVCS IO HEIIPUITHSITHUX PiBHIB i craHOBMIN 67,5 % Ta 172,4 Mr BignoBigHo. OTKe 32 paXyHOK 30i/IbIIIEHHS YMCeTbHOCTI
6I3KiJI rOIyBaIbHUILL Ta 3MEHIIeHHSI KiIbKOCTi BiJKPMTOTO PO3ILIONY B CiM’i-BUXOBaTeblli CTBOPIOIOTHCS Kpallli yMOBU IJIsI
BUPOIIYBaHHS SIKiCHUX OI)KOIMHMUX MaTOK, 11€ B CBOIO UePTy JO3BOJISIE OMHOYACHO IPUIIETTIOBATY Ha 48 % Gijibllie TMUMHOK
MOPiBHSHO 3 TPAOUIifHUM CITIOCO60M. Pe3ynbTaTy MOCTIIKEHHSI CTAHOBJISATh MPAKTUUHY IIHHICTb JJIS YIOCKOHAIEHHS
CrI0c0o6iB GOPMYBaHHS CiMeii-BUXOBATENbOK MTPY IMITYYHOMY BUBEIE€HHI GIKOTMHIX MaTOK

KnrouoBi cioBa: Apis mellifera sossimai, 6aKONMHUI PO3IUTiA, MIPUOM JIMUMHOK, SIKiCTh MAaTOK, MAaTOYHE MOJIOUKO,
MaTOYHi IMUMHKIU
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Ichthyofauna of the Bilotserkivskyi lower reservoir on the Ros river

Anton Klymkovetskyi’, Maksym Khalturyn

National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine

Abstract. The composition of ichthyofauna of Ukraine is changing due to natural processes and the influence of anthropogenic
factors in the internal water bodies. Systematic analysis of changes allows controlling these processes and maintaining
the diversity of species at a constant level. The purpose of the study was to investigate changes in the composition of the
ichthyofauna of the Bilotserkivskyi lower reservoir (Ros River) after the discharge of industrial waste of the Bilotserkivvoda
enterprise in 2017 and 2020, which led to the mass death of fish and crayfish. The studies were conducted by catching
fish with species identification and a survey of fishermen from November 2016 to October 2020. Additionally, the species
composition of fish in this section of the Ros River was considered before the reservoir was created. According to the results
of the conducted studies, 24 fish species were identified in 2016, 21 in 2017, and 19 in 2020. Analysing the number of
ichthyofauna since the 1960s, it can be concluded that every 10 years the species composition of the ichthyofauna of the
Bilotserkivskyi lower reservoir lost about 2-3 species of fish, which is conditioned by the influence of riverbed overlap,
industrial activities, uncontrolled and unidentified discharges into the reservoir, etc. After a detailed analysis of the
number of ichthyofauna, it was established that by 2016, the following species had disappeared: common dace Leuciscus
leuciscus, Dnieper chub P. borysthenicus, ide I. idus, sunbleak Leucaspius delineatus, vimba bream Vimba vimba, crucian carp
Carassius carassius, weatherfish Misgurnus fossilis, spined loach Cobitis taenia; in 2017 — species such as gudgeon Gobio
gobio, round goby Neogobius melanostomus, tubenose goby Proterorhinus marmoratus; in 2020 — char, ruffe. Quantitative
and qualitative restoration of ichthyofauna is possible at the expense of fish from the Protoka River (Rotok). To continue
fishing use, it is necessary to settle fish in the reservoir. The practical significance of this study is to determine the species
composition of the ichthyofauna for further use of the reservoir for environmental and fishery purposes

Keywords: inland water bodies, freshwater fish, catch, industrial discharges, ecological fish groups

Introduction

Almost a third of the entire river system of the European
steppe zone is located on the territory of Ukraine. The
Dniester, Southern Buh, and Dnipro rivers are among the
five largest rivers in Europe [1]. Having such a potential of
the natural environment, it is relevant to investigate the
impact of anthropogenic stress on the environment and
maintain ecological balance for the safety of water bodies.

Pollution of internal reservoirs of Ukraine has be-
come threatening. Due to excessive pollution of wastewater,
the ability to self-clean aquatic ecosystems also decreases,

Suggested Citation:

as a result of which the quantitative and qualitative com-
ponent of the food supply and fish spawning grounds
decreases.

A significant transformation of water bodies (rivers
and lakes), which affects the conditions of existence of var-
ious representatives of ichthyocenoses that are not able to
fully adapt [2] to newly created ecosystems, is reflected in
their number [3] and the nature of distribution, which leads
to a decrease in the diversity of ichthyofauna with the re-
placement of long-cyclical species with short-cyclical and
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more plastic ones. In turn, small rivers also play the role
of ecological corridors for invading species. The preserva-
tion of the natural environment and its species diversity
requires constant scientific research and systematic moni-
toring, especially in small rivers [4].

Ros River basin - is an intensively developed eco-
nomic complex. Various industries (food, light, and petro-
chemical) take part in the river catchment area, which have
an impact on various components of the aquatic ecosystem.
Pollution with heavy metals, petroleum products, and organic
substances, disruption of vegetation cover, physical contam-
ination with water erosion products, ingress of pesticides
and fertilisers into the water network - all these are the

Shkarivka

results of harmful industrial activity [5]. The largest waste-
water discharges belong to LLC Bilotserkivvoda, which fall
on the Bilotserkivskyi lower reservoir; discharges of other
subjects have a much smaller impact on the state of the
reservoir’s biota [6].

The Bilotserkivskyi lower reservoir is the third and
last in a series of Bilotserkivskyi reservoirs on the Ros
River, located in the city of Bila Tserkva (Figure 1). The
dam was built near the village of Shkarivka, designed by the
Ukrvodokanalproekt institute and was put into operation
in 1971. The main task of the reservoir is to provide water
to the private JSC Rosava (formerly the Bilotserkivskyi Tire
Factory) [7].

49°44°29.41” North 30° 11°15.98” East

Figure 1. Location of the Bilotserkivskyi lower reservoir on the Ros River

In 2017 and 2020, discharges from the Bilotserkivvoda
enterprise occurred, which led to the mass death of fish and
crayfish, as a result — reduction of the food base for fish. In
the literature on this reservoir, the problem of changes in
the composition and abundance of ichthyofauna before and
after man-made consequences was quite little mentioned,
so it became necessary to analyse the state of the ichthyo-
fauna of the Bilotserkivskyi lower reservoir.

The purpose of the study was to investigate changes
in the ichthyofauna of the middle part of the Ros River and
after the creation of the Bilotserkivskyi lower reservoir in
retrospect and analyse the impact of uncontrolled industrial
discharges.

Literature Review

The ichthyofauna of fresh water bodies is affected by a num-
ber of factors. The construction of dams during the creation
of ponds and reservoirs often has a negative impact on fish

biocenoses [8]. Natural features of the riverbed partition
are the change of dominant species, in particular, pelagic,
herbivorous, and large species with long-distance repro-
ductive migrations are replaced by omnivorous, bentope-
lagic, and insectivorous species that characterise fish living
in a stable environment [9]. In Ukraine, ponds and reser-
voirs are usually dominated by invasive fish species, most
of which are caught during stocking for biological reclama-
tion [10]. Due to the spread of invasive species, changes in
hydraulic and temperature conditions reduce or completely
displace local fish.

Industrial wastewater pollution plays a key role in
the problems of river system biodiversity. Through them,
radionuclides, toxic organic and inorganic substances en-
ter the water, in particular, sulphur, asbestos, solvents,
polychlorinated biphenyl, lead, mercury, nitrates, phos-
phates, acids, alkalis, dyes, pesticides, etc. [11]. This leads
to a number of changes that affect the flora and fauna of
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water bodies. A change in the chemical state of water leads
to changes in the ichthyofauna. In particular, it was found
that an increase in oxygenation, temperature and number
of macrophytes, and the concentration of potassium and
a decrease in the concentration of phosphates, Mg and Cl
ions creates favourable conditions for such species as crucian
carp and tench [12].

In addition to these factors, the number of fish cor-
relates with the area of the basin and the maximum depth
of the reservoir and the area of the buffer zone [13]. Due
to over-regulation of wastewater flow, water “blooming”
is often observed in reservoirs, which causes significant
damage to hydrobionts. The qualitative and quantitative
composition of the ichthyofauna of natural waters - lakes,
rivers, ponds, and reservoirs — is an extremely sensitive
indicator of the state and level of anthropogenic load of
the studied hydroecosystems. The river network of the
Ros River basin is marked by diversity, which is a research
perspective, however, the issues of species diversity of ich-
thyofauna, its qualitative and quantitative composition
in various ecological groups have so far been considered
only fragmentary, mainly as a result of episodic studies in
individual tributaries and specifically on the Ros River, in
particular [14-16].

O.I. Surmyi and Z.N. Mavryshcheva [17] investi-
gated the species composition and linear dimensions of
fish even before the construction of a reservoir in the Bila
Tserkva district (Shkarivske or Bilotserkivskyi lower reser-
voir). They found 32 species of fish (pike Esox lucius, com-
mon roach Rutilus rutilus, common dace Leuciscus leuciscus,
chub Leuciscus cephalus, Dnieper chub P. borysthenicus,
ide Lidus, rudd Scardinius erythrophthalmus, asp Aspius
aspius, tench Tinca tinca, gudgeon Gobio gobio, common
bleak Alburnus alburnus, white bream Blicca bjoerkna, com-
mon bream Abramis brama, vimba bream Vimba vimba,
Amur bitterling Rhodeus sericeus, crucian carp Carassius
carassius, Prussian carp Carassius auratus gibelio, common
carp Cyprinus carpio, grass carp Ctenopharyngodon idella,
stone loach Nemachilus Barbatulus, weatherfish Misgurnus
fossilis, spined loach Cobitis taenia), and also provided infor-
mation on the distribution and abundance of these species
in the area under study from Bila Tserkva to Shkarivka vil-
lage. One of the species is the grass carp (Ctenopharyngodon
idella) — is noted by the authors as acclimatised for breed-
ing in the ponds of the Alexandria arboretum, from where
its spawn got into the Ros channel.

As of 2020, the species composition of fish has
changed significantly. The study of the fish population of
the rivers of the middle Dnipro region, including Ros, in-
dicates the absence of vyrezub, Danube bleak, and lepomis
in the catches [18; 19], which were previously mentioned

in the studies. During the study on the Protoka River, which
is a right tributary of the Bilotserkivskyi lower reservoir, the
species composition of fish is characterised by a fairly wide
variety. In particular, in 2013 the presence of such species as
European bitterling (Rhodeus amarus), spined loach (Cobitis
taenia) and weatherfish (Misgurnus fossilis) was noted [20; 21].
In general, the species composition of fish in the Ros River
and in some parts of it varies. This is influenced by a number
of factors, including anthropogenic loads.

Materials and Methods

The study was conducted from November 2016 to No-
vember 2020 at sites within the village of Shkarivka,
Bilotserkivskyi district, at the discharge sites of the Rosava
tire plant and the upper part of the reservoir near the dam of
the Bilotserkivskyi lower reservoir, located on the Ros River
between the city of Bila Tserkva and Shkarivka village.

In November 2016, an expedition visit to the res-
ervoir was carried out to collect samples, which was later
used for statistical analysis. In May 2017 and 2020, re-
peated visits were conducted to take ichthyological and
hydrobiological samples in connection with the discharges
of Bilotserkivvoda [22]. For additional analysis, the species
composition of the only tributary of the Bilotserkivskyi
lower reservoir, the Rotok River (Protoka), was studied. The
study of ichthyofauna was based on the species composition,
fish productivity, and other necessary components.

Ichthyological studies were conducted according to
generally accepted methods: fish belonging to a certain
species by characteristic, specific, individual, external fea-
tures inherent only in a certain species, and their belonging
to an ecological group.

The collection of ichthyological material was carried
out by analysing catches from nets, interviewing amateur
fishermen, the local population, and materials seized by
the inspection from poachers. A 25 m long fry drag net
was used to catch young fish. After the analysis, the test
material was released back into the reservoir. The descrip-
tion of the species composition of fish and the processing
of the material were performed according to the methods
described in the determinants of freshwater fish [23; 24].
The findings were compared with the species composition
of fish in this part of the Ros River before the creation of
the reservoir [17] and after its development [25].

Results and Discussion

In the Ros River, before the creation of the Bilotserkivskyi
lower reservoir, 32 species of fish belonging to 8 families
were recorded. In the future, there was a significant reduction
in the number of species. In particular, there were 20 species
from the family Cyprinidae (Table 1) in the 1960s.

Table 1. Analysis of the composition of the ichthyofauna of the Ros River and the Bilotserkivskyi lower reservoir
before and after discharges (family Cyprinidae)

Ros River, middle part

Bilotserkivskyi lower reservoir (Ros River)

Types of fish
1960s [17] \ 1970s [25] 2016 \ 2017 2020
Eurqpean carp detected detected detected detected detected
(Cyprinus sagrao)
Prussian carp Sagassiis auratus gibelio detected detected detected detected detected
Silver carp Hypophthalmichthys not detected not detected detected detected detected

molitrix
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Table 1, Continued

Ros River, middle part

Bilotserkivskyi lower reservoir (Ros River)

Types of fish
1960s [17] 1970s [25] 2016 \ 2017 2020
Common rqach detected detected detected detected detected
Rutilus rutilus
Grass carp Ctenopharyngodon idella detected detected detected detected detected
Whlte l:’)ream detected detected detected detected detected
Blicca bjoerkna
Commo_n bream detected detected detected detected detected
Abramis brama
Common rudd Scardinius detected detected detected detected detected
erythrophthalmus
Common bleak Leucaspiusde lineatus detected detected detected detected detected
.Asp . detected detected detected detected detected
Aspius aspius
Gudgeoq detected detected detected not detected not detected
Gobio gobio
B1tter11n_g detected detected detected detected detected
Rhodeus sericeus
.Tenc.h detected detected detected detected detected
Tinca tinca
Topmouth gudgsfvr;Pseudorasbora detected detected detected detected detected
Common da_ce detected detected not detected  not detected not detected
Leuciscus leuciscus
Dnieper Chl.lb detected detected not detected  not detected not detected
P. borysthenicus
I Iiiliis detected detected not detected  not detected not detected
Su.nbleal_< detected detected not detected  not detected not detected
Leucaspius delineatus
Spirlin
. . detected detected not detected  not detected not detected
Alburnoides bipunctatus
Vlmba b.ream detected detected not detected  not detected not detected
Vimba vimba
G Cru_man carp. detected detected not detected  not detected not detected
arassius carassius
Total 20 20 14 13 13

The creation of the reservoir did not quickly affect
the species composition of fish of this family, and in the
1970s, the species composition of the family Carpinidae re-
mained unchanged. Over a longer period of time, until 2016,
the species composition of fish of the family Carpinidae
changed significantly. 7 species of fish have disappeared,
in particular: common dace, Dnieper chub, ide, sunbleak,
spirlin, vimba bream, and crucian carp. However, as a result

of artificial fish settlement, the silver carp appeared, which
is used to regulate the number of microscopic algae. After
uncontrolled industrial discharges into the reservoir’s wa-
ter area, gudgeon disappeared in 2017, which indicates the
vulnerability of this species to water pollution.

Predatory fish species belonging to the families
Esocidae, Siluridae, and Percidae were represented in the
Ros River and reservoir by only 5 species (Table 2).

Table 2. Analysis of the composition of the ichthyofauna of the Ros River and the Bilotserkivskyi lower reservoir
before and after discharges (families Percidae, Esocidae, and Siluridae)

Ros River, middle part Bilotserkivskyi lower reservoir (Ros River)
Types of fish
1960s [17] | 1970s[25] 2016 | 2017 2020
Perch . detected detected detected detected detected
Perca fluviatilis
Plkerpgrch detected detected detected detected detected
Sander lucioperca
Ruffe detected detected detected detected not detected

Acerina cernua

Animal Science and Food Technology. 2022. Vol. 13, No. 3




24

Ichthyofauna of the Bilotserkivskyi lower reservoir on the Ros river

Table 2, Continued

Ros River, middle part Bilotserkivskyi lower reservoir (Ros River)
Types of fish
1960s [17] 1970s [25] 2016 \ 2017 2020
Pike . detected detected detected detected detected
Esox lucius.
. Catfish . detected detected detected detected detected
Silurus glanis.
Total 5 5 5 5 4

All these species are well adapted, both in the con-
ditions of a river with a relatively strong current, and in
a reservoir. From the 1960s to 2017, the presence of these
species did not decrease. Even anthropogenic pollution of
the reservoir did not lead to their complete disappearance.
However, a repeated case of untreated discharges in 2020

led to the disappearance of ruffes (Acerina cernua), which
indicates their greater vulnerability compared to other
species.

In the Ros River in the 1960s, there were 8 more
species of fish that belonged to the families Odontobutidae,
Nemacheilidae, Cobitidae, Gobiidae (Table 3).

Table 3. Analysis of the composition of the ichthyofauna of the Ros River and the Bilotserkivskyi lower reservoir
before and after discharges (families Odontobutidae, Nemacheilidae, Cobitidae, Gobiidae)

Ros River, middle part

Bilotserkivskyi lower reservoir (Ros River)

Types of fish
1960s[17] |  1970s[25] 2006 | 2017 | 2020
Amur SleePer., detected detected detected detected detected
Perccottus glenii
Mon}(ey goby. . detected detected detected detected detected
Neogobius fluviatilis
R_oundgoby detected detected detected not detected not detected
Neogobius melanostomus
Tube_:nose goby detected detected detected not detected not detected
Proterorhinus marmoratus
Stqne loach detected detected detected detected not detected
Nemachilus barbatulus
‘Weatherﬁsh. . detected detected not detected not detected not detected
Misgurnus fossilis
Splr_lefd loach detected not detected not detected not detected not detected
Cobitis taenia
Total 7 6 5 3 2

As of 2020, there are only 2 species left, Amur
sleeper (Perccottus glenii) and the monkey goby (Neogobius
fluviatilis) from the families Odontobutidae and Gobiidae,
respectively. Immediately after the creation of the res-
ervoir, spined loach (Cobitis taenia) and later weather-
fish (Misgurnus fossilis) have disapeared. Pollution of the res-
ervoir in 2017 led to the disappearance of two species of the
family Gobiidae, and in 2020 - the stone loach (Nemachilus
barbatulus) from the family Nemacheilidae disappeared.

According to the results of the latest research on
the composition and condition of the ichthyofauna of the
Bilotserkivskyi lower reservoir before discharges, it can be
argued that the most represented is the family Carpinidae,
which includes 13 species: carp, Prussian carp, silver carp,
roach, grass carp, rudd, common bleak, gudgeon, bitter-
ling, tench, and topmouth gudgeon. Less numerous are the
families Percidae (perch, pikeperch), Odontobutidae (Amur
sleeper), Esocidae (pike), Siluridae (wels catfish).

Studies of the actual commercial fish species of the
Bilotserkivskyi lower reservoir indicate the presence of
carp, Prussian carp, silver carp, perch, rudd, and pikeperch
in the reservoir. The quantitative and qualitative compo-
sition of the ichthyofauna of the reservoir under study is
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confirmed by the results of fry netting, in which the same
species were found.

The results of the conducted studies of the
Bilotserkivskyi lower reservoir in November 2016 allowed
calculating the reserves of commercial fish species, which
were (tonnes): 22.7: carp — 3.0, herbivores - 5.0, other spe-
cies — 14.7, including: Prussian carp - 3.7, roach — 1.5, rudd -
0.5, tench - 0.5, pike — 4.0, pikeperch - 1.5, catfish — 1.0,
perch - 2.0. The broad-fingered crayfish is also found in the
reservoir. The latter’s reserves were 2.1 tonnes.

The actual productivity for commercial fish species
of the Bilotserkivskyi lower reservoir in November 2016
in general was 319.7 kg/ha, including by species: carp —
42.3 kg/ha, herbivores - 70.4, other species — 207.1 kg/ha,
including: Prussian carp — 52.1 kg/ha, roach — 21.1 kg/ha,
rudd - 7.0 kg/ha, tench - 7.0, catfish — 14.1 kg/ha, pike —
56.3 kg/ha, pikeperch — 21.1 kg/ha, perch — 28.2 kg/ha. The
crayfish productivity was 29.6 kg/ha.

Species composition of the ichthyofauna of the
Bilotserkivskyi lower reservoir (Ros River) in May 2017
showed a sharp decrease in the species composition of the
ichthyofauna in the reservoir. Fish belonging to 7 fami-
lies were found. As usual, the most numerous family was
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Carpinidae - 7 species (Prussian carp, roach, white bream,
bream, common bleak, bitterling, topmouth gudgeon);
Percidae - 3 species (perch, pikeperch, ruffe), Gobiidae — 1 spe-
cies (monkey goby); Odontobutidae — 1 species (Amur sleeper).

In terms of relative abundance, the reservoir was
dominated by valuable commercial fish species, namely:
bream (14.6%) and pikeperch (27.9%). Among other fish
species, European perch, Eurasian ruffe, and monkey goby
predominated in number.

The species composition of fish in November 2016
was 19 species, and in May 2017 — only 18 species. The species
composition decreased by 1 species.

Analysis of the age composition of fish showed a
small number of age groups in the reservoir. Prussian carp
had 7 age groups (this order was the largest), bream - 5,
and perch - 3 age groups. In all other fish species, namely
roach, pikeperch, and white bream, only 2 age groups of
non-sexually mature fish are established.

Fish productivity of the Bilotserkivskyi lower reser-
voir (Ros River) in May 2017 (71 ha) was — 319.7 kg/ha. After
the chlorine discharge in May 2017, the fish productivity was
only 240-250 kg/ha. That is, it decreased by 70 kg/ha, primarily
due to carp and herbivorous fish.

The species composition in 2020 compared to 2016
decreased by 2 species. The study found not only a decrease
in the number of species composition of ichthyofauna, but
also fish productivity in the reservoir as a whole.

For more than 50 years (1960s-70s — 2020s) as part
of the ichthyofauna of the middle part of the Ros River in
the Bila Tserkva district has undergone significant quali-
tative and quantitative changes. This was caused by the
results of intensive hydraulic engineering construction
at the end of the 20" century, when the transition from a
river to a lake (reservoir) type of reservoir took place. This
is also the commercial use of the reservoir, which has led
to a sharp decrease in the species diversity of the ichthy-
ofauna. The use of the reservoir for water supply has led
to an emergency discharge of technological water by the
Bilotserkivvoda enterprise, which, in turn, sharply reduced
the qualitative and quantitative composition of the fish
population of the Bilotserkivskyi lower reservoir (Ros River).

It can be conclude that in 2016 the following spe-
cies disappeared since the 1960s: common dace Leuciscus
leuciscus, Dnieper chub Leuciscus borysthenicus, ide Lidus,
sunbleak Leucaspius delineatus, vimba bream Vimba vimba,
crucian carp Carassius carassius, weatherfish Misgurnus
fossilis, spined loach Cobitis taenia, in 2017 — gudgeon
Gobio gobio, round goby Neogobius melanostomus, tubenose
goby Proterorhinus marmoratus, in 2020 — char, ruffe. Every
10 years the species composition of the ichthyofauna of the
lower Bilotserkivskyi reservoir lost at least 2-3 species of
fish, which is conditioned by the influence of anthropogenic
factors, industrial activity, uncontrolled and unidentified
discharges into reservoirs.

With further monitoring of the state of the ichthyo-
fauna of the reservoir, the hydrological location of the river
is upstream and less subject to anthropogenic pollution, trib-
utaries of the reservoir can serve as a mechanism for re-
storing the ichthyofauna. According to M.B. Prychepa [20],
the species composition of the ichthyofauna consisted of
20 species of fish, which are grouped into 7 orders and
8 families. The following species were found in the catches:

Perca fuviatilis — perch, Gumnocephalus cermua — Eurasian
ruffe, Esox lucius — pike, Silurus glanis — wels catfish, Rutilus
rutilus — common roach, Scardinius erychophtalmus — common
rudd, Abramis brama — common bream, Carassius auratus —
goldfish, Blicca bjoerkna — white bream, Tinca tinca — tench,
Alburnus alburnus — common bleak, Cyprinus carpio - European
carp, Pseudorasbora parva —topmouth gudgeon, Hypophthal-
michthys molitrix — silver carp, Ctenopharyngodon idella —
grass carp, Gobio gobio — gudgeon, Misgurnus fossilis —
weatherfish, Gasterosteus aculeatus — three-spined stickle-
back, Perccottus glenii — Amur sleeper, Neogobius fluviatilis —
monkey goby.

The species composition of the ichthyofauna of the
Protoka (Rotok) River exceeded bottom (44.4%) and bot-
tom-swimming fish species (22.4%). A small proportion of
natural species in the river’s ichthyofauna (16.6%) indi-
cates insufficiently favourable living conditions for these
species. It can be noted that the species distribution of ich-
thyofauna in the Protoka River is strongly influenced by the
large number of hydraulic structures in the reservoir. This
has a negative effect on fish migration and is unfavourable
for fish that react to oxygen dissolved in water [20].

In some sections of the Protoka River, there is no
common bleak Alburnus alburnus, tench Blicca bjoerkna,
common roach Rutilus rutilus as a result of stopping mi-
gration routes by spillway structures, small short-cyclical
fish species were observed [24]. It was these species that
were characterised by the greatest ecological plasticity and
resistance to living conditions [20].

Under conditions of restriction of river sections by
hydraulic structures, invasive fish species dominated. At the
same time, among the native fish species, a small amount
fell on perch Perca fuviatilis, weatherfish Misgurnus fossilis,
and carp Cyprinus carpio (the latter came from ponds ad-
jacent to the river). In the Protoka River, phytophilic and
psammolithophilic groups of fish were dominant and ac-
counted for 65 and 20%, respectively; zoobenthophages
accounted for 50%, predators — 20% [20].

The analysis showed that in the changed areas,
namely in areas located within the city limits, the species
composition of ichthyofauna on the Protoka River is sig-
nificantly depleted. However, this has led to an increase in
the number of limnophilic and briefly cyclical fish species,
in particular goldfish Carassius auratus, topmouth gudgeon
Pseudorasbora parva, and Amur sleeper Perccottus glenii [20].

More species diversity of ichthyofauna was recorded
in areas above the city of Bila Tserkva, where the following
species were found: common roach Rutilus rutilus, alburnus,
white bream Blica bjoerkna, pike Esox lucius, tench Tinca
tinca, common rudd Scardinius erythrophtalmus, gudgeon
Gobio gobio, Eurasian ruffe Gymnocephalus cernua [20].

In the mouth of the Protoka River, two more species
are added to the ichthyofauna, such as well catfish Silurus
glanis and monkey goby Neogobius fluviatilis. This can be
explained by changes in the banks, the preservation of the
riverbed, the presence of plants that are adapted to large
currents and specific ecological conditions that affect the
species composition of the reservoir [20].

During the study in 2018, among the 20 fish species
recorded in the Protoka (Rotok) river, only 3 species belong
to the undesirable invading species from the Far East. These
species were introduced into the water bodies of Ukraine in
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the 19%-20" centuries (topmouth gudgeon, goldfish, and
Amur sleeper), and to the group of self-settlers who fell into
the Dnipro River basin in the second half of the 20" century,
this is such a species as the three-spined stickleback [20].

Comparing the species composition of the ichthyo-
fauna of the Bilotserkivskyi lower reservoir and the Protoka
River, it can be concluded that no significant species differ-
ence was observed, but there are some native species that
have not been observed in the reservoir in recent years, such
as Loach Misgurnus fossilis, Eurasian ruffe Gymnocephalus
cernua but the value of tributaries, namely estuary sections,
lies in their ability to create so-called ecological corridors for
the healthy functioning of the hydroecosystem.

Conclusions

Based on the results of research conducted at the
Bilotserkivskyi lower reservoir (Ros River) 24 species were
identified in 2016, 21 - in 2017, and 19 species — in 2020. An-
alysing the number of ichthyofauna since the 1960s, it can
be concluded that approximately every 10 years the species
composition of the ichthyofauna of Bilotserkivskyi lower is
reduced by 2.5 species of fish, which is conditioned by the
influence of a number of anthropogenic factors, overregula-
tion of the river current, and commercial use of water bodies.

After analysing the number of ichthyofauna since
the 1960s, it can be concluded that in 2016 the following
species are disappeared: common dace Leuciscus leuciscus,
Dnieper chub Leuciscus borysthenicus, ide Lidus, sunbleak
Leucaspius delineatus, vimba bream Vimba vimba, crucian
carp Carassius carassius, weatherfish Misgurnus fossilis,
spined loach Cobitis taenia, in 2017, such species as gud-
geon Gobio gobio, round goby Neogobius melanostomus,
tubenose goby Proterorhinus marmoratus, in 2020 - char,
ruffe. Restoration of the natural composition of the ich-
thyofauna of the Bilotserkivskyi lower reservoir is pos-
sible due to a tributary - the Protok (Rotok) River. Dis-
charges of pollutants and toxic substances (chlorinated
water) by the Bilotserkivvoda enterprise led to the death
of fish, crayfish and a decrease in the ichthyofauna and
fish feed production.

For the purpose of directed control and restoration
of ichthyofauna in conditions of industrial and anthro-
pogenic load on reservoirs, it is necessary to periodically
conduct research on the feed base of ichthyofauna and, if
necessary, implement a set of measures to improve the de-
velopment of the feed base and develop a water protection
strategy, approaches to solving issues of the revitalisation
of reservoirs for the restoration of ichthyofauna.
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IxriopayHna BisnonepkiBchbKOro HUKHBOT0 BOJJOCXOBHINA Ha piulli Poch

AHTOH AHaToimirioBnu KnumkoBenbkuii, Makcum BopucoBuu XanatypusH

HaruioHaynbHMIT yHiBepcuTeT 6iopecypciB i MpupomoKopuCcTyBaHHS YKpaiHu
03041, Byn. I'epoiB O60oponn, 15, m. Kuis, Vkpaina

AHorTanig. BHaoTiqoK MpUPOSHUX IPOIECiB i BIUIMBY aHTPOMOTeHHMX (DakTOpiB y BHYTPIlIHIX BomoiiMax YKpaiHu
3MIiHIOETBCS CKaaf ixriobayHu. CucTeMHUMIT aHami3 3MiH JO3BOJIIE KOHTPOJMIOBATM Ii TPOIECH i MigTPUMYBaTH
pi3HOMaHITTS BUAIB Ha cTasioMy piBHi. MeTOI0 qocmiIkeHHs 6y/I0 BUBUMTM 3MiHM CKIany ixtiodayHu BinorepkiBcbKoro
HIDKHBOTO BoAocxoBuila (p. Pock) micis ckuay MpoMMUCIOBUX BigxofiB mignpuemMcrsa «binonepkisBoma» y 2017 ta 2020,
110 TIPU3BEJIO IO MAcoBoi 3arubesti pubyu Ta pakis. [OCTiIKeHHS TTPOBOAMINCH METOIOM BUJIOBY pub 3 imeHTudiKalico
BUJIIB Ta OMUTYBaHHAM pubanok 3 jucromnazna 2016 mo skoBTeHb 2020 pokis. /IogaTKOBO BPaXOBYBaIM BUIOBMIA CKIaf
pub y 1iit ginsgHIi piuku Pock A0 CTBOPEHHST BOMOCXOBMIA. 3@ pe3y/bTaTaMy MPOBeAeHUX JOCTiIKEHDb OY/I0 BUSBIEHO
24 Bumy pu6 2016 porii, 21 — y 2017 poui Ta 19 — 'y 2020 porii. AHati3youM YnCeIbHICTb iXTiodayHu nourHaoum 3 60-X poKiB
XX CTOMTTS MOKHA 3pOOMTM BUCHOBKM, 110 KOKHI 10 pOKiB BMIOBMII CKIaf ixTiodayHu BinouepkiBcbKOro HMKHbOTO
BOZIOCXOBMIIA BTpauaB O6M3bKO 2-3 BUIIB puO, 1110 3yMOBJIEHO BIUIVIBOM ITEPEKPUTTS PyC/Ia, isUIbHICTIO IIPOMMUCIOBOCTI,
HEKOHTPOIbOBAHMX Ta HeileHTU(HiIKOBAaHMX CKUAIB Yy BOIOVMY ToIIO. [Tic/s MpoBeAeHOro IeTA/IbHOTO aHAJTi3y YMCETbHOCTI
ixtiodayHu BcTaHOBWINM, 10 0 2016 pOKY 3HUKII Taki BuaM: stenb Leuciscus leuciscus, 606upelrs P. borysthenicus, B’s3b
I idus, BiBCcsiHKa Leucaspius delineatus, pubenb Vimba vimba, kapach 3omotuii Carassius carassius, B'1oH Misgurnus fossilis,
mumnaska Cobitis taenia, y 2017 poii Taki Buay sk miukyp Gobio gobio, 6u4ok-kpyrisik Neogobius melanostomus, GU40K-
PWKUK Proterorhinus marmoratus, y 2020 potii — 11e roselp, iiopx. KinbkicHe Ta sikicHe BiZHOBIeHHS ixTiodayHU MOK/IMBe
3a paxyHOK pu6bu i3 piuku IIpoTokm (POTOK). [T MPOMOBKEHHSI PMOOTOCIIOAAPCHKOTO BUKOPUCTAHHS HeoOXimHe
3apubieHHs BomocxoBuiia. IIpakTMUHA I[iHHICTH 1[iei po6OTH MOoJsATae y BU3HAUEHHi BUIOBOTO CKIamy ixTiodayHu as
ITOAJIbIIIOTO BUKOPUCTAHHS BOLOMM B MIPUPOLOOXOPOHHMX i pMOOrOCIIONAPChKUX LIJISIX

KiiouoBi cjioBa: BHYTpillIHi BogoiiMu, MpicHOBOAHA prba, BUIOB, ITIPOMMCIOBI CKU/IM, €KOJIOTiUHI TpyIiu puo
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Effect of balanced mineral supplements on milk productivity of cows
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Abstract. The implementation of the genetic potential of cows is primarily related to the usefulness of providing cows
with nutrients, including trace elements, during lactation. Therefore, the purpose of the study was to determine the
optimal doses of mineral supplements of zinc (Zn), manganese (Mn), and cobalt (Co) in the diet of dairy cattle by lactation
phases and evaluate the economic efficiency of their use. To achieve this goal, a scientific and economic experiment was
conducted, for the organisation of which 5 subgroups of cows were formed, 10 individuals each — group 1, which was the
control, and 4 experimental groups. According to the experiment design, animals of different groups were fed different
amounts of mixed ligand complexes of Zn, Mn, and Co. During the experiment, productivity, dry matter consumption,
metabolism, and economic efficiency were evaluated. Based on experimental studies of the use of mineral supplement
complexes of Zn, Mn, and Co, in comparison with their sulphate salts, it was found that during the first 100 days of
lactation, optimal for highly productive individuals were doses in one kg of dry matter of the feed mixture: Zn - 60.8 mg;
Mn - 60.8 mg; Co - 0.78 mg, which were provided by their mixed ligand complexes and which were lower by 20% of the
recommended ones and led to an increase in milk productivity of cows by 15%, and profit — by 47%. In the second 100 days
of lactation, the best productivity indicators were found in cows that consumed a feed mixture in which the concentration
in one kg of dry matter was: Zn - 35 mg, Mn - 35 mg, and Co - 0.4 mg due to the introduction of mixed ligand complexes
of trace elements. The advantage of animals in this group over the control group in terms of milk productivity was 18%,
in terms of profit — 29%. In the last 100 days of lactation, the best performance indicators were in cows with a dry matter
content of Zn - 35 mg, Mn — 35 mg, Co — 0.4 mg per kg of feed mixture. They exceeded the control in terms of milk yield by
9%, and profit — by 42%. Thus, it is proved that highly productive cows require different concentrations of trace elements
during lactation. It is proved that due to the introduction of balanced mineral supplements in the diet, the optimal amount
of trace elements is less than the use of inorganic compounds, which has a positive effect on the environment by reducing
the content of these minerals in manure

Keywords: milk productivity, organic forms of trace elements, profit, lactation phase

Introduction

Feed and feed additives provide highly productive cows decades increasingly shows a lack of trace elements in the
with basic nutrients (proteins, lipids, structural and soil-feed-diet and a higher need for them while increas-
non-structural carbohydrates, and minerals) and biologi-  ing the milk yield of highly productive cows. Under such
cally active substances (trace elements and vitamins) [1; 2].  circumstances, it is difficult to provide the animal body
Industrial dairy farming in Ukraine over the past three  with the necessary amount of essential trace elements,
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and therefore, for the normal functioning of the body of
highly productive cows, an appropriate amount of mineral
supplements is required, the ratio of which depends on a
number of physiological, economic, and other factors.

The creation of high-performance herds of dairy
cattle and the continuation of breeding work in this line
encourages a systematic revision of the recommendations
for animal nutrition, because ensuring high productivity,
reproductive capacity, and preserving the health of cows is
impossible only at the expense of natural feed [1-3].

Over the past decade, a number of studies have been
conducted in Ukraine and around the world on the feasibility
of using organic compounds of trace elements in animal
feeding, in particular Zn, Mn, Co, and Cu. Thus, in the avail-
able literature, there are reports of an increase in milk pro-
ductivity [4-6] and milk quality [4; 6; 7] in cows, and an im-
provement in reproductive function in bulls [8]. In addition
to milk productivity, there is also an improvement in the
growth of calves [9], pigs [10-12], broiler chickens [13; 14]
and rabbits [15] due to the use of chelated forms of trace
elements in their feed. The reason for the growing interest
of the scientific community in organic compounds is the
high degree of their assimilation by the body, which provides
animals with the necessary amount of trace elements and
reduces the negative impact of their faeces and urine on the
environment [3].

Zn is a common element in the body’s cells because
it is involved in many physiological processes. It is an im-
portant component of several metalloenzymes and many
transcription factors that control gene expression, so it
plays a fundamental role in cell division, development, and
differentiation. Zn also plays an important role in stabilising
RNA, DNA, and ribosomes as a component of biological
membranes; is involved in the production of insulin; has
an antioxidant effect; is crucial for maintaining the integ-
rity and barrier function of the skin, and is involved in the
immune system. The inability of the body to store Zn ne-
cessitates its constant supply with feed [16; 17].

The bioavailability of Zn depends on the source of
its entry into the body, the ability to be absorbed and avail-
able for storage and use for further processes of digestion,
absorption, and metabolism.

Zn from organic sources is usually more readily avail-
able to animals than from inorganic compounds. This is con-
ditioned by the mechanism of transition of trace elements
from the intestines to the blood of the animal. Thus, micro-
elements from inorganic sources are mainly released from
the body through antagonism and the formation of hard-to-
reach compounds, while organic microelement compounds
(ligands, chelates) are absorbed as amino acids [8; 11; 16].
Microbial fermentation of fibre in the rumen has an addi-
tional effect on the bioavailability of trace elements [16].

When Mn is deficient in the feed mixture of dairy
cows, the process of fatty acid synthesis is disrupted, skeletal
deformity occurs, which is accompanied by animal sterility
and abortions, and paralysis occurs in newborn calves. Mn
deficiency in the reproductive phase, especially in the dry
period, negatively affects the offspring. In cows with insuf-
ficient consumption of Mn, due to its lack in the diet, the
reproductive capacity of animals may decrease, which may
manifest itself in a hidden oestrous cycle, low fertilisation,
spontaneous miscarriages in the first months of pregnancy,

or possible foetal resorption and frequent gynaecological
diseases. At the same time, milk productivity, and often the
fat content of milk, decrease [17; 18].

The synthesis of B vitamins depends on the presence
of Co in the feed mixture [19; 20]. Excess Co causes the
synthesis of a number of vitamin B , analogues, which are
physiologically inactive [21]. According to [22], if there is a
lack of Co in the feed mixture for the synthesis of cyanoco-
balamin, which activates the biosynthesis of methionine,
Co is consumed by 10% more and accounts for about 13%
of its total level, while with its optimal amount — up to 3%.
The demand for cobalt is on average 0.10 mg/kg of dry matter
of the feed mixture [23].

The purpose of the study is to establish optimal doses
of balanced mineral supplements in the feed mixture of
highly productive cows by lactation periods and on this ba-
sis to substantiate the economic efficiency of using these
compounds.

Materials and Methods

In the course of scientific and economic experiments, the
effect of balanced mineral additives of Zn, Mn, Co with the
addition of Suplex Se against the background of cuprum
sulphates and potash iodides with the same type of feeding
of dairy cows on the economic efficiency of milk produc-
tion. To determine the optimal doses of mixed ligand com-
plexes of Zn, Mn, and Co, a scientific and economic experi-
ment was conducted on the premises of the dairy complex
of the additional liability company “Terezyne” in the Kyiv
Oblast in 2015. The study was carried out in the follow-
ing sequence: 1) selection was carried out, 20 cows of the
Holstein breed; 2) 15 cows of the Ukrainian black and spot-
ted breed were selected; 3) 15 individuals of the Ukrainian
red-spotted breed were selected; 4) 5 subgroups of cows
of 10 individuals each were formed - 1 control group and
4 experimental groups ((2, 3, 4, and 5).

The experiment was performed on highly produc-
tive cows with a milk yield of 7,000-9,000 kg of milk for
the previous lactation.

The experiment was conducted by the method of
groups of analogues according to the recommendations for
experiments in animal husbandry [24]. The actual content
of trace elements in the feeds used during the scientific and
economic experiment was preliminarily determined; the
replacement of Zn, Mn, Co sulphates in the recommended
for cows premix P 60-5M (developed by VIT) with their or-
ganic forms with the additional introduction of Suplex Se
(manufacturer ViloFoss, Denmark) was experimentally
substantiated.) Microelements were introduced by step
weight mixing with one of the grain components of mixed
feed, which was then introduced into the compound feed.
Cows of control group 1 were given the recommended cow
premix P 60-5M (developed by VIT). In the experimental
cows, the sulphate salts of the trace elements Zn, Mn, and
Co were replaced with their mixed ligand complexes of
different concentrations and additional administration of
Suplex Se for all groups. Each group was kept separately, in
separate reconstructed premises for loose housing. The an-
imals had free access to fresh clean water around the clock.

During the first 100 days of lactation, advanced
feeding was carried out to milk cows and during this period
they had the highest productivity. With the onset of new
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pregnancy, the productivity of cows gradually decreased.
In this regard, different levels of mixed ligand complexes
were studied, considering lactation periods, and economic
efficiency was determined after each experiment.

Each experiment was divided into two periods — pre-
paratory and accounting. During the preparatory period, the
animals consumed a complete feed mixture of the same

composition, and during the accounting period, cows were fed
in accordance with the research scheme (Table 1). The dura-
tion of the preparatory period was 10 days and the accounting
period was 100 days. Milk yield for each group was deter-
mined by weighing, and for each cow — by control yields every
10 days. In one of the control milk yields, samples were taken
once a month to determine fat and protein content (Table 1).

Table 1. Scheme of scientific and economic experiments

Number of animals,

Group units Factor under study
1 2 3
Experiment No. 1. First 100 days of lactation
Control 1 10 Feed mixture (FM) + CuSO, + KI. 1 kg of dry matter (DM) contains, mg: Zn - 32.4;
Mn - 27.8; Co-0.27; Se - 0.3; Cu-12;1-1.1
. EM + ZnS0O,, MnSO,, CoSO,, CuSO, + Suplex Se + KI. 1 kg of DM contains, mg:
Experimental 2 10 Zn-176; Mn - 76; Co - 0.97 mg, Cu — 12, Se - 0.3; 1 - 1.1
. FM + mixed ligand complexes Zn, Mn, Co + Suplex Se + CuSO, + KI. 1 kg
Experimental 3 10 of DM contains, mg: Zn - 76; Mn — 76; Co — 0.97; Se — 0.3; Cu - 12; 1 - 1.1
. FM + mixed ligand complexes Zn, Mn, Co + Suplex Se + CuSO, + KI. 1 kg
Experimental 4 10 of DM contains, mg: Zn - 60.8; Mn - 60.8; Co - 0.78; Se - 0.3; Cu-12;1-1.1
. FM + mixed ligand complexes Zn, Mn, Co + Suplex Se + CuSO, + KI. 1 kg
Experimental 5 10 of DM contains, mg: Zn - 49; Mn - 49; Co - 0.63; Se — 0.3; Cu — 12; 1 - 1.1
Experiment No. 2. Second 100 days of lactation
Control 1 9 FM + mixed ligand complexes Zn, Mn, Co + Suplex Se + CuSO, + KI. 1 kg
of DM contains, mg: Zn - 65; Mn - 65; Co — 0.8; Se - 0.3; Cu-10; I - 0.9
Experimental 2 9 FM + mixed ligand complexes Zn, Mn, Co + Suplex Se + CuSO, and KI. 1 kg
P of DM contains, mg: Zn - 50; Mn - 50; Co — 0.7; Se - 0.3; Cu-10; I - 0.9
Experimental 3 9 FM + mixed ligand complexes Zn, Mn, Co + Suplex Se + CuSO, and KI. 1 kg
P of DM contains, mg: Zn — 45; Mn — 45; Co — 0.6; Se - 0.3; Cu-10; 1-0.9
Experimental 4 9 FM + mixed ligand complexes Zn, Mn, Co + Suplex Se + CuSO, and KI. 1 kg
P of DM contains, mg: Zn — 40; Mn - 40; Co - 0.5; Se - 0.3; Cu-10; I - 0.9
Experimental 5 9 FM + mixed ligand complexes Zn, Mn, Co + Suplex Se + CuSO, and KI. 1 kg
P of DM contains, mg: Zn — 35; Mn — 35; Co — 0.4; Se - 0.3; Cu-10; I - 0.9
Experiement No. 3. Last 100 days of lactation
Control 1 9 FM + mixed lig.and complexes Zn, Mn, Co + Suplex Se + CuSO, and KI. 1 kg
of DM contains, mg: Zn - 50; n - 50; Co - 0.7; Se - 0.3; Cu—-9;1-0.8
Experimental 2 9 FM + mixed ligand complexes Zn, Mn, Co + Suplex Se + CuSO, and KI. 1 kg
P of DM contains, mg: Zn — 45; Mn — 45; Co - 0.6; Se - 0.3; Cu-9;1-0.8
Experimental 3 9 FM + mixed ligand complexes Zn, Mn, Co + Suplex Se + CuSO, and KI. 1 kg
P of DM contains, mg: Zn — 40; Mn — 40; Co - 0.5; Se - 0.3; Cu-9;1-0.8
Experimental 4 9 FM + mixed ligand complexes Zn, Mn, Co + Suplex Se + CuSO, and KI. 1 kg
P of DM contains, mg: Zn — 35; Mn — 35; Co — 0.4; Se - 0.3; Cu-9;1-0.8
Experimental 5 9 FM + mixed ligand complexes Zn, Mn, Co + Suplex Se and CuSO, and KI. 1 kg

of DM contains, mg: Zn — 32; Mn — 32; Co - 0.3; Se - 0.3; Cu-9;1-0.8

In the course of a scientific and economic experiment,
the milk productivity of cows was determined:

— gross milk yield per 1 animal unit — by summing up
the daily milk produced from each cow of the group over a
certain period of time;

— gross milk yield of basic fat content — by multiplying
the amount of milk (in kilograms) by the percentage of fat in
it, followed by dividing by the basic fat content of milk (3.4%).

To determine the cost and profitability of milk pro-
duction, the cost of feed consumed was calculated, which

Animal Science and Food Technology. 2022. Vol. 13, No. 3

was determined at farm prices, wages and other expenses,
considering the actual selling price of 1 metric centner of
milk. Since the sale of milk in farms is carried out according
to the basic fat content, the actual milk yield was converted
to the basic fat content — 3.4%.

Results and Discussion
The economic effect of feeding mixed ligand complexes of
Zn, Mn, and Co to dairy cows during the first 100 days of
lactation is shown in Table 2.
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Table 2. Economic efficiency of feeding high-performance cows mixed ligand complexes of Zn, Mn, and Co as part of diets
during the first 100 days of lactation

Group
Indicators Control Experimental
1 2 | 3 4 5
Gross milk yield, kg/cow 3,096 3,400 3,456 3,560 3,416
Gross milk yield of basic fat content, kg/cow 3,369.2 3,710 3,791.4 3,968.4 3,767.7
Total production costs, UAH. 8,423.6 8,776.5 8,780.7 8,845.8 8,658.8
including: sulphates 99.6 - - -
mixed ligand complexes - - 74.4 56.8 32.4
Profit, UAH 3,705.4 4,579.5 4,868.3 5,440.2 4,905.2

The intake of various sources of Zn, Mn, and Co and
the levels of their mixed ligand complexes in the body of
experimental cows during the first 100 days of lactation
affected the consumption of feed mixture by experimen-
tal cows and the intake of more nutrients into their bod-
ies, which was discussed in detail in previous studies. As a
result of higher feed consumption by experimental cows,
their milk productivity also increased, namely: in the
2nd experimental group — by 304.0 kg; in the 3 - by 360.0;
in the 4" — by 464.0; in the 5" - by 320.0 kg or, respec-
tively, by 9.82%; 11.63%; 14.99%; 10.34%, compared to the
control group. This allowed for additional profit in the ex-
perimental groups. Thus, the replacement of Zn, Mn, and
Co sulphates with their mixed ligand complexes in the 2"
experimental group, which provided the norm in Zn, Mn,
and Co, and Zn, Mn, and Co sulphates in the control group
by 100%, the additional profit amounted to UAH 874.1 for
80 days of the main experiment period. Meeting the de-
mand for Zn, Mn, and Co by 75% due to their mixed ligand
complexes gave an additional profit of UAH 11,621.9, or
31.4%; by 50% — UAH 1,734.8, or 46.8%; and by 25% — UAH
1,199.8, or 32.4%.

Therefore, providing a 50% shortage of Zn, Mn, and
Co by their mixed ligand complexes ensures a stable eco-
nomic effect and is more cost-effective than covering the
deficit in Zn, Mn, and Co by 100% due to Zn, Mn, and Co
sulphates. The probable reason for this is the orientation of
the feeding standards of dairy cows to the results of stud-
ies in which inorganic compounds were used as sources of
trace elements, the bioavailability of mineral elements of
which is 10-15%. The introduction of supplements of or-
ganic trace elements into the diet of cows, the bioavailability
of trace elements of which is 80-95%, demonstrated that
the need of these animals is lower than previously stated.

It is well known that the period of milk production
in cows has certain patterns, according to which the cow’s lac-
tation is divided into conditional three phases. At the same
time, not only the nutritional value of the diet changes, but
also its structure [18]. Therefore, it is important to analyse
the effectiveness of using feed additives at each stage of
changes in productivity, feeding, etc.

The economic efficiency of using Zn, Mn, and Co
mixed ligand complexes in feeding dairy cows during the
second 100 days of lactation is shown in Table 3.

Table 3. Economic efficiency of including balanced mineral supplements in the diets of dairy cows
during 101-200 days of lactation

Group
Indicator Control Experimental
1 2 | 3 4 5
Gross milk yield, kg/cow 3,120 3,302 3,395 3,556 3,685
Gross milk yield of basic fat content, kg/cow 3,413.7 3,632.2 3,701.5 3,922.1 4,064.3
Total production costs, UAH. 8,200.5 8,879.3 8,607.8 8,753.7 8,843.3
including sulphates - - - -
mixed ligand complexes 135.2 127.5 95.9 63.9 31.8
Profit, UAH 4,771.6 4,923.1 5,457.9 6,150.2 6,601.0

Replacement of Zn, Mn, and Co sulphates with their
mixed ligand complexes in the first 100 days of lactation
maintains the trend of better productivity in experimental
cows in subsequent lactation periods. However, the lowest
dose of mixed ligand complex, which was used in the diets
of the 5% experimental group, during this period contributed
to an increase in milk productivity of natural fat content

by 18.1% against the 1%t control group; by 11.6% more
against the 2" experimental group, in whose diets due to
mixed ligand complexes, the norms of Zn, Mn, and Co were
supplemented by 100%; by 9.8% more against the 3™ exper-
imental group, in whose diets the deficiency of Zn, Mn, and
Co was replenished by 75%; and by 3.6% more than the
4% experimental group, where the deficit was replenished by
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50%. Obviously, this result is associated with a change in the
origin of trace element additives, namely, the replacement
of inorganic compounds with organic complexes. Better bio-
availability of minerals from mixed ligand complexes has led
to a decrease in the need of cows for these trace elements,
compared to the recommended standards.

As a result, the cost of manufactured products (milk
for 100 days) per 1 animal unit in the control group was
equal to UAH 12,972.1, in the 2™ - UAH 13,802.4, 31 — UAH
14,065.7, 4 — UAH 14,903.9, and 5% - UAH 15,444.3. Thus,
in the experimental groups it was higher than the control,
respectively, by UAH 830.3; 1,093.6; 1,931.8; 2,472.2.

Comparing the profit of the experimental groups
fed mixed ligand complexes of Zn, Mn, and Co, the highest
profit was in the 5% experimental group — by UAH 1,829.4,
or 38.34% more than in the control group; by UAH 1,677.9,

or 35.16% compared to the 2" experimental group; by UAH
1,143.1, or 23.96% compared to the indicators of animals
of the 3 experimental group; by UAH 450.8, or 9.45% —
compared to the analogues of the 4th experimental group.

Thus, the use of mixed ligand complexes of trace el-
ements such as Zn, Mn, and Co in feeding highly productive
cows during the milk production period, in an amount that
eliminates their deficiency by 25%, is the most cost-effective.

During the last 100 days of lactation, feed consump-
tion in experimental cows was better and milk productivity
of cows of experimental groups in terms of basic fat content
was higher compared to the control group: in the 2" experi-
mental group — by 58.3 kg, or 2.33 %; in the 37 - by 57.2 kg,
or 2.29 %; in the 4™ — by 150.8 kg, or 6.05%; in the 5% — by
224.3 kg, or 8.99 %, which, in turn, increased the economic
efficiency of milk production (Table 4).

Table 4. Economic efficiency of using balanced mineral supplements in feeding dairy cows during 201-300 days of lactation

Group
Indicator Experimental
control 1
2 | 3 4 | 5
Gross milk yield, kg/cow 2,320 2,360 2,430 2,540 2,440
Gross milk yield of basic fat content, kg/cow 2,606.6 2,665.4 2,780.2 2,921.0 2,834.7
Cost of milk produced, UAH/animal 9,905.1 10,128.5 10,564.8 11,099.8 10,771.8
Total production costs, UAH 6,763.4 6,861.8 6,812.8 6,624.9 6,492.6
including: sulphates - - - - -
mixed ligand complexes 112.3 102.0 76.5 45.6 24.3
Profit, UAH 3,141.7 3,266.7 3,752.0 4,474.9 4,279.2

The difference in gross milk yield and its total sale
value between the experimental groups of cows and the
control resulted in the highest profit in the experimental cows
of the 4™ and 5% experimental groups where the required
level of Zn, Mn, and Co was provided by their mixed ligand
complexes by 50% and 25%, despite slightly increased costs
of wages, feed, direct and overhead costs in these groups.
In cows of the 27 and 3" experimental groups, where the
deficiency of Zn, Mn, and Co was covered by their mixed
ligand complexes by 100% and 75%, due to its higher cost
compared to Zn, Mn, and Co sulphates, despite higher milk
yields, the profit was slightly higher than in the control
group.

If in the control group the total profit was UAH 3,141.7,
then in the 2" and 3™ experimental groups it was higher by
UAH 125.0 and 610.3, or 3.98% and 19.43%, while in the 4
and 5% experimental groups it was higher by UAH 1,333.2
and 1,137.5, or by 42.44% and 36.21%, respectively.

Economic calculations show that during the launch
period, it is better not to use trace element preparations
in feeding highly productive cows, or to use them in small
doses that cover the deficit by 25-50%.

Summarising the results obtained experimentally,
it can be argued that the conducted studies are consistent
with the data of numerous literature sources that have
shown a high level of bioavailability of biometals for the
body of dairy cows in general and high-performance cows
in particular. Their ability to significantly affect the pro-
ductivity and physiological state of animals of this group
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is also proven. Thus, an increase in the average daily milk
yield by lactation phases under the condition of using
mixed ligand complexes of trace elements was also noted
in the studies by other Ukrainian [4] and foreign [5-7] re-
searchers. In particular, the replacement of inorganic salts
of trace elements (control group) in feeding dairy cows
with their metal-chelate complexes, described in the study
by A. Gorchanok et al. [4], contributed to an increase in the
average daily milk yield of cows compared to the control
by 11%. An increase in productivity by 6% with the intro-
duction of chelated compounds of trace elements and a de-
crease by 4% with an excessive amount of chelates in the
diet was recorded by Kholif et al. [7]. At the same time, some
of these studies [3; 4] contain reports on the economic and
environmental feasibility of using organic sources of trace
elements in feeding animals, in particular cows. Increasing
the productivity of cows with optimal mineral nutrition (dose
and source) contributes to greater profit and reduced emis-
sions of heavy metals into the environment with manure,
which is used as an organic fertiliser.

Conclusions

To ensure high milk productivity and increase the profit-
ability of milk production, it is recommended to use Zn,
Mn, and Co mixed ligand complexes in feeding dairy cows to
eliminate the deficiency of these trace elements, considering
the lactation phase.

During the first 100 days of lactation, the highest
economic effect was achieved by providing dairy cows with
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only 50% of the needs for Zn, Mn, and Co, but due to their
mixed ligand complexes. It was at this dose that the milk pro-
ductivity of animals was maximum, and despite the highest
indicator of production costs, the profit from the sale of pro-
duced milk significantly exceeded both the control indicator
and the indicators of analogues of other groups.

A similar trend occurred during the next 100 days of
lactation, but the optimal dose of Zn, Mn, and Co mixed ligand
complexes was 25% of the recommended requirement.

In the last 100 days of lactation (201-300 days), cows
showed the highest level of productivity for the consumption
of diets, the amount of Zn, Mn, and Co in which was provided

by 50% due to mixed ligand complexes. However, it is possible
to reduce the recommended dose to 25%, since the profit
indicator is very close to the maximum.

Thus, the findings indicate a positive reaction of the
body of dairy cows to the replacement of Zn, Mn, and Co
sulphates in their diet with mixed ligand complexes. At the
same time, the need for the amount of trace elements is re-
duced to 50-25%, depending on the lactation phase. Thus,
this issue requires further thorough investigation to review
the existing feeding standards for dairy cows, which are
developed using inorganic compounds of trace elements
with low availability.
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Bnuine 30a1aHcoOBaHUX MiHepaJbLHHUX 100aBOK HA MOJIOYHY NMPOAYKTUBHICTH KOPiB

IOpiii I'puroposuu Kponmska!, Bitaniit CemeHoBu4 BoMKo?,
Onena MuxarsiniBHa TurapboBa®

UlbBiBCbKMIT HAlliOHATbHUI YHIBEPCUTET BeTePUHAPHOI MeAULIHU
Ta 6ioTexHonorii im. C. 3. DKMIBKOTO
79010, Bys1. ITekapcoka, 50, m. JIbBiB, YKpaiHa

BinouepKiBCbKMI HALIiOHATIbHMI aTpapHMii YHIBEPCUTET
09117, moma Co6opHa, 8/1, M. bina llepkBa, Ykpaina

AHoTauis. Peanizallis reHeTMYHOrO MOTEHIIially KOPiB HacaMIiepe[ MoB’si3aHa 3 MOBHOIIHHICTIO 3a6e31eueHHsT KOpiB
MTOKMBHMMY PEUOBMHAMM, B TOMY UMCTi i MikpoenemMeHTaMu, 3a repiogaMu akTaiii. ToMy MeTO JOCTiIkKeHHS 6y/10
BCTAHOBJIEHHS ONITUMAJIbHMX 103 MiHepaTbHUX N06aBOK LIMHKY (Zn), Manrany (Mn) i Ko6anbty (Co) y pallioHi MOJIOUHOTO
cTaza 3a pazaMu JaKTallii Ta oliHKa eKOHOMIUHO1 e(heKTUBHOCTIZN iX 3acTOCYBaHHS. [IJIsI HOCSITHEHHSI BCTAHOBJIEHOT MeTH
MIPOBeJM HAYKOBO-TOCIIONAPChKMIA JOCITiA, IS opraHisalii skoro copmysBanu 5 miarpym Kopis mo 10 oco6uH B OKpeMiii
rpyti — 1 rpymy, sika 6y/sa KOHTPOABHOIO i 4 JOCTIAHI TPyIN. 3TiTHO 3i CXeMOI0 LOTiNY TBAPUHAM Pi3HMUX TPy 3TOL0BYBAIN
pi3HY KilbKiCTh 3MillIaHOMIraHOHMX KOMJeKciB Zn, Mn i Co. V XoAi ekcliepMMeHTy OOCTIiAKyBalay NPOLYKTUBHICTD,
CTIOKMBAHHS CyX0i peUOBMHM, 06MiH PEUOBMH Ta €KOHOMiUHY eheKTUBHICTh. Ha OCHOBI eKCriepuMeHTaTbHUX JOCTiIKEeHb
3aCTOCYBaHHS KOMILIEKCIB MiHepaJbHUX M06aBoK Zn, Mn i Co, B MOpiBHSAHHI i3 iX cyabbaTHUMM CONIMU, GYI0
BCTAHOBJIEHO, IO YIIPOJOBXK Mepimux 100 gHiB jakTarii onTMMaabHUMM JJIST BUCOKOMIPOAYKTUBHUX OCOOMH — O3U B
OTHOMY KT CyXOi pe4oBMHM KOPMOBOi cyMili: Zn — 60,8 mr; Mn - 60,8 mr; Co — 0,78 mr, siki 3a6e31euyBaanch 3a paXyHOK
ix 3mimraHosiramHMX KOMILIEKCIB i sIKi 6y HvokuMy Ha 20 % Bif peKOMeHJ0BaHMX i 3yMOBW/IM MiABUIIEHHS MOJIOUHOL
MIPOAYKTUBHOCTI KOpiB Ha 15 %, a mpubyTKy — Ha 47 %. Y apyri 100 gHiB nakTallii Haiikpaiili TOKa3HUKM TPOAYKTUBHOCTI
6y B KODiB, SIKi CITOSKMBAIY KOPMOCYMIIIl, B sIKiii KOHIIEHTPAllisl Y OMHOMY KT CyX0i pedoBuHM Oyria: Zn — 35 mr, Mn —
35 mri Co — 0,4 Mr 32 paXyHOK YBeIeHHSI 3MillIaHOJiraHTHMX KOMILIEKCIiB MiKpoesieMeHTiB. IlepeBara TBapuH Iiiei rpymm
HaJl KOHTPOJIBHOIO 32 MOJIOYHOI TTPOAYKTUBHICTh cTaHOBWIA 18 %, 3a puoyTKOM — 29 %. B octanHi 100 gHiB makTaiii
HaliKkpaili pe3yabTaT MPOLYKTUBHOCTI Oy Y KOPiB Y OGHOMY KI' CyXOi peuOBMHM KOPMOBOI CyMillli, BMiCT SIKMX CKJIaB
Zn - 35 mr; Mn - 35 mr; Co — 0,4 mr. BoHu nepeBakajay KOHTPOJIb 38 HAIOEM MOJIOKa Ha 9 %, 3a mpuOyTKOM — Ha 42 %.
TakuM UMHOM, JOBEIEHO, 0 BMCOKOMPOAYKTMBHI KOPOBU 3a Tepiomamu JiakTallii MoTpe6yioTh pisHOI KOHIIEHTpaIlii
MiKkpoesieMeHTiB. [IoBeeHO, 110 3a PAaXYHOK BBeJEHHS B pallioH 36aJaHCOBAaHMX MiHEpaJbHMUX M06ABOK ONTMMAasbHA
KiJIbKiCTh MiKpOeJIeMeHTiB MeHIla, TIOPiBHSIHO 3 BMKOPUCTAHHSIM HEOPraHiYHMX CIOMYK, 1[0 MO3UTMUBHO BIUIMBAE HA
HABKOJIMIIHE CepefoBUIle NIISTXOM 3MeHIIIeHHSI BMICTY IIMX MiHepaJbHUX PEYOBUH Y THOIO

KirouoBi ci1oBa: Mo/I0UHa IPOAYKTUBHICTh, OpraHiuHi dopMu MikpoesieMeHTiB, IpuOYTOK, dasa nakrarii
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The state of use of fish resources in small reservoirs of the Rivne Oblast
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Abstract. Poaching and unregulated amateur fishing have led to impoverishment and, in some places, complete
extermination of populations of industrially valuable fish species in Rivne Oblast, so the activities of special commercial
fisheries ensure the preservation of fish resources. The purpose of the study is to analyse the state of the water fund of the
Rivne Oblast, the use of fish resources of these reservoirs, in particular, the results of the activities of special commercial
fisheries, industrial and amateur fishing, and aquatic bioresources. According to the State Agency of land reclamation and
fisheries in Rivne Oblast, over the past twenty years, there has been a tendency to reduce the volume of fish caught and
introduced into natural and artificial reservoirs. Since 2010, due to low profitability, the activities of fishing organisations
have been completely stopped, although previously commercial fishing of aquatic living resources took place on large
water bodies, in particular in Rivers (Horyn, Ikva, Styr), lakes (Nobel, Putylivske), reservoirs (Mlynivske, Khrinnytske).
Nowadays, the main method of fishing, in addition to the activities of special commercial fisheries, is unorganised
amateur fishing. Specialised public organisations of amateur fishermen unite from 8 to 15 thousand amateur fishermen
and sportsmen, carry out organised amateur fishing, are engaged in the introduction of fish resources into the water
bodies of the region (carp, herbivorous fish, common pike, and silver crucian carp). Carp and crucian carp make up the
largest share of fishermen’s catches; pike, common perch, silver carp, roach and rudd are less common. The state of fishery
management in special commercial fisheries of the Rivne Oblast has not changed over the past 10 years. As of 2021, there
were only 11 of them left in the region, working on lease terms; and several private enterprises where commercial fish is
grown in full-system and non-system farms. The volume of young fish entering almost all farms has tripled compared to
2015, while the volume of fish caught has slightly increased. Analysis of the state of use of fish resources in small reservoirs
is necessary for further rational extraction and restoration of fish resources in small reservoirs of the Rivne Oblast

Keywords: water resources, fisheries, industrial catch, catch volumes, fish introduction, amateur fishing

Introduction

Due to the direct anthropogenic impact, in particular,
poaching and unregulated amateur fishing, the fish re-
sources of the Rivne Oblast are under significant threat of
impoverishment and, in some places, complete extermina-
tion of populations of industrially valuable fish species [1].
One of the ways to preserve and increase them is the in-
troduction of fish into water bodies and the rational use of
reserves of industrially valuable species of aquatic living

Suggested Citation:

resources [2; 3]. Therefore, the analysis of the results of the
activities of special commercial fisheries and the state of
amateur fishing are relevant issues for further search for
ways to solve the above problems.

Researchers [4-6] investigated the dynamics of
catch of hydrobionts by regions and fisheries zones on
the territory of Ukraine from 2005 to 2020. It was found
that production significantly decreased (up to 70-80%) in
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almost all regions of Ukraine [7-9]. In 2019, the catches were
dominated by carp and herbivorous fish [10]. 134 tonnes
of carp were caught in Rivne Oblast. Throughout Ukraine,
the smallest share in catches was made up of common pike,
grass carp, and wels catfish [11].

The analysis of publications shows that after 2010,
amateur sport fishing in inland waters competes with in-
dustrial fishing [12] and exerts additional pressure on the
ichthyofauna [13]. In European countries, amateur and indus-
trial fishing brings significant profits and facilitates the devel-
opment of unused fish resources [14; 15]. The organisation of
amateur and sport fishing requires knowledge of fish farming,
organisational, and economic and legal aspects [16; 17].

Analysis of the possibilities of using inland water
bodies of Ukraine for fishery purposes would allow making a
correct assessment of the state of fish reserves, determining
the volume of fish withdrawal and introduction, and pre-
venting negative environmental and economic consequences.

Thus, a team of researchers [18] reviewed the estu-
aries of the north-western Black Sea region, where, in par-
ticular, the species composition of the ichthyofauna of the
studied reservoirs is presented; a strategy for the fisheries
use of estuaries of various types in modern conditions was
developed [19; 20]. The state of reserves of some commer-
cial fish species of the cascade of Dnipro reservoirs and the
possibility of their use for fishery purposes [21; 22], and
other large lowland reservoirs of Ukraine [23] are evaluated.

Legal aspects of the protection of aquatic biore-
sources also require attention [24-26], because the pro-
tection of aquatic bioresources in the field of aquaculture
does not lose its relevance and prospects for legal im-
provement [27; 28].

A number of researchers have been studying the
state of fish resources in Rivne Oblast over the years, in par-
ticular L.V. Hryb, T.M. Kunchyk, V.0. Mosnitskyi, V.K. Bihun,
and others [29-31]. In their studies, researchers noted the
impoverishment of the ichthyofauna of water bodies in
Rivne Oblast, the disappearance of native, industrially
valuable fish species [1]. In particular, V.O. Mosnitskyi and
T.M. Kunchyk assessed the capacity of the water fund of the
Rivne Oblast for fishery use [31]. Researchers also investigated
the species composition of the ichthyofauna [1] and the pos-
sibilities of preserving fish resources [1; 28; 30].

The water fund of the Rivne Oblast includes a large
number of water bodies that are not fully used for fishery
purposes, including industrial fishing. Analysis of the state
of use of fish resources in small reservoirs would facilitate
rational selection of objects of introduction and withdrawal,
species and age composition of ichthyofauna, and allow
making forecasts regarding the amount of fish withdrawal
and introduction into reservoirs.

To investigate the state of use of fish resources
in small reservoirs of the Rivne Oblast, it is necessary to
analyse the state of the water fund of the Rivne Oblast,
industrial and amateur fishing and aquatic bioresources,
study the activities of special commercial fisheries.

The purpose of the study is an overview of the state of
use of fish resources in Rivne Oblast, in particular, the re-
sults of the activities of special commercial fisheries (SCF).

The following tasks were set to achieve the goal: to
analyse the state of the water fund of the Rivne Oblast; to
analyse the state of industrial and amateur fishing and aquatic
bioresources; to study the activities of the SCFs from the
standpoint of replenishing fish resources.

The object of research is the state of fish resources
in Rivne Oblast (use and replenishment).

The subject of the study is the characteristics of the
state of fish resources of the Rivne Oblast based on the
results of the SCF’s activities.

Materials and Methods

To analyse the state of fisheries, in particular, the use of fish
resources in Rivne Oblast, the authors used the annual re-
ports of regulatory authorities, in particular, the Rivne fish
protection patrol (territorial fish protection body of the
State Agency of land reclamation and fisheries in Rivne
Oblast) [32; 33] and the Main department of statistics in
Rivne Oblast for 2010-2020 [34]. In addition, data from spe-
cialised public organisations of fishermen were used [32].
Data on the catch and stocking of aquatic living resources
in special commercial fisheries are analysed and systema-
tised, which are presented in Table 1. Materials on the state
and objects of amateur (organised and unorganised) fishing
on water bodies of the Rivne Oblast are summarised. Com-
puter programmes (Microsoft Excel) were used to process the
reporting data.

Table 1. Research objects

Water body number Location of the reservoir
1 channel pond, Klyntsi village, Dubenskyi district
2 pond, Kolodiivka village, Koretskyi district
3 pond, Kustyn village, Rivnenskyi district
4 pond, Okhmatkiv village, Demydivskyi district
5 channel pond, Varkovychi village, Dubenskyi district
6 channel pond, Yuchyn village, Goshchanskyi district
7 channel pond, Uizdtsi village, Mlynivskyi district
8 channel pond, Mali Dorohostai village, Mlynivskyi district
9 pond, Zabara village, Koretskyi district
10 pond, Derevyane village, Rivnenskyi district
11 pond, Volodymyrets urban-type settlement, Volodymyretskyi district
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To monitor the state of stocks, organise rational
fishing and regulation, it is necessary to record the relative
number and direct accounting of fish stocks [35-37]. Forecasting
of annual changes in the stock is mainly carried out by de-
termining the relative number of fish. The method for deter-
mining the relative number of fish is based on four initial pro-
cesses of population dynamics: replenishment, growth, catch,
and natural mortality. In addition, the age, size, and species
composition of the catch are determined [38; 39].

Results and Discussion

The issues of using and reproducing fish resources in
Ukrainian reservoirs have always been relevant. As of 2019,
the production of aquatic living resources amounted to
74.7 thousand tonnes (compared to 2013, the catch of fish
decreased by 151.1 thousand tonnes or 70%). This is condi-
tioned by the insufficient amount of fish stocking material,
the depletion of stocks of commercial fish species, and geo-
political changes in Eastern Ukraine.

In some regions, the total production of aquatic
bioresources has increased [40]. Users who received quotas
for special use of aquatic bioresources in 2019 extracted
51.5 thousand tonnes of aquatic bioresources, of which
21.3 thousand tonnes were caught in inland waters, which
is an increase of 4.2% compared to the previous year. Do-
mestic commercial fishing is carried out in large inland
water bodies, mainly in the reservoirs of the Dnipro, estu-
aries, and in medium-sized natural reservoirs, where the
SCF regime is mainly used. Silver carp, bream, roach, white
bream, herbivorous fish species, and common pikeperch
were mainly caught. In the structure of production of all
aquatic bioresources, the share of fish products of aquacul-
ture is only 21.8% of the total volume [4; 5].

The water fund of the Rivne Oblast has a fairly
large number of water bodies: 171 rivers (total length —
4,462.0 km), which belong to the Pripyat river basin;
130 lakes (total area - 2,675,722 ha), the most numerous
of which are floodplain, but there are also karst lakes (Bile,
Ostrivske, etc.); 12 reservoirs (total area — 3,274.07 ha),
the largest are Khrinnytske reservoir (total area — 2,046 ha,
within the Rivne Oblast 1,610 ha) and Mlynivske res-
ervoir (total area - 440 ha); 1,300 ponds (total area -
10,099.77 ha), most of them are small water bodies — from
10 to 30 hectares [34].

Control over the protection, use, and reproduction
of aquatic bioresources at these facilities is carried out by

Blicca bjoerkna

Silurus glanis

Abramis brama

Scardinius erythrophthalmus
Rutilus rutilus

Fish species

Perca fluviatilis
Esox lucius
Carassius gibelio
Cyprinus caprio

Ctenopharyngodon idella, Hypophthalmichthys...

the Department of the State Agency of land reclamation
and fisheries in Rivne Oblast [41].

During 2010-2022, commercial fishing of aquatic
bioresources was not carried out, as a result of the suspension
of the activities of fishing organisations on the water bodies
of the region, as it was unprofitable. Until 2010, commer-
cial fishing of fish and aquatic bioresources took place: in
the rivers — Horyn, Ikva, Styr; lakes — Nobel, Putylivske;
reservoirs — Mlynivske and Khrinnytske [1; 32; 33].

Now specialised public organisations of amateur
fishermen in the reservoirs of the region carry out organised
amateur fishing. The most numerous of them are the Rivne
regional organisation of the Ukrainian Society of Hunters and
Fishermen (USHF), the Rivne Regional Federation of Fishing
Sports, and the Society of Military Hunters and Fishermen.
Since the 2000s, underwater fishing has gained popularity.
Fishermen have the opportunity not only to catch fish, but
also to observe underwater life, engage in photo hunting. Or-
ganisations that unite underwater hunters were created - the
spearfishing club Rivenska Sluch and Harpoon. According to
various estimates, public organisations unite from 8 to
15 thousand amateur fishermen and athletes [32; 33].

Most often, the objects of unorganised amateur fish-
ing are reservoirs Khrinnytske and Mlynivske, lakes Nobel,
Sosno, Omyt, Bile, and rivers Horyn, Styr, Sluch, Ikva, and
Pripyat. In the catches of amateur fishermen on the rivers,
reservoirs, and ponds of the region, 24 species of fish were
found: chub (Squalius cephalus L.), ide Idus idus L.), silver
crucian carp (Carassius gibelio Bloch), common crucian carp
(Carassius carassius L.), common carp (Cyprinus sargio L.),
common roach (Rutilus rutilus L.), common rudd (Scardinius
erythrophthalmus L.), tench (Tinca tinca L.), gudgeon (Gobio
gobio L.), common bleak (Alburnus alburnus L.), white bream
(Blicca bjoerkna L.), common bream (Abramis brama L.),
asp (Aspius aspius L.), grass carp (Ctenopharyngodon idella
Valenciennes), white silver carp (Hypophthalmichthys
molitrix Valenciennes), common pike (Esox lucius L.), com-
mon perch (Perca fluviatilis L.), common pikeperch (Sander
lucioperca L.), wels catfish (Silurus glanis L.), Eurasian
ruffe (Gymnocephalus cernuus L.), monkey goby (Neogobius
fluviatilis Pallas), Amur sleeper Perccottus glenii Dybowski),
European eel (Anguilla anguilla L.) (very rarely).

According to public specialised organisations, in 2020,
the catch of aquatic bioresources by amateur fishermen
amounted to only 16,393 tonnes [35]. The species composition
of the caught aquatic bioresources is shown in Figure 1.
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Figure 1. Species composition of aquatic bioresources in the catches of amateur fishermen (2020)
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According to the Rivne fish protection patrol, the
largest share in fishermen’s catches was carp and silver carp —
3.6-3.8 tonnes; less often — such species as pike, common
perch, white and mottled silver carp, roach and rudd. The
total catch of these fish species was 0.9-2.3 tonnes. Very
rarely caught bream, catfish, and white bream, the total
catch of these species was only 0.076-0.55 tonnes [32].
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Hypophthalmichthys Cyprinus caprio

nobilis

Fish species

In addition to catching fish, public organisations, in
particular the Rivne regional organisation of the Ukrainian
Society of Hunters and Fishermen, perform settlement
of young fish. Thus, in 2019, users of water bodies in the
reservoirs of the Rivne Oblast settled two-year-olds of
carp, herbivorous fish, and common pike and silver carp
(Figure 2).

10 I I I
0 |

(2+ )Esox lucius,
Carassius gibelio

(1+) Esox lucius,
Carassius gibelio

Figure 2. Volumes of the settlement of aquatic bioresources by water body users in 2019

The volume of settlement is relatively insignificant —
most of all, two- and three-year-olds of different fish spe-
cies (pike, silver crucian carp, etc.) are inhabited in the res-
ervoirs of the region - 25 thousand specimens, the least —
two-year-olds of the variegated silver carp — 1.33 thousand
specimens [32].

Artificial breeding, cultivation, and use of fish and
other aquatic bioresources in the SCFs of the Rivne Oblast

30

25

Volumes of fish caught, t

were carried out by 11 users (the total area of reservoirs
used was 204 hectares, most of which were channel ponds).
Users start fishing in autumn, in accordance with the tech-
nology of growing carp and herbivorous fish of the Far
Eastern faunal complex. The planned volume of fish caught
in 2020 was 62 tonnes, and in fact, 58 tonnes were caught
(that is, 94% of the planned figure). Fish production of res-
ervoirs thus amounted to 285 kg/ha (Figure 3) [32].
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Figure 3. Catch volumes of aquatic bioresources in SCFs of the Rivne Oblast (2020)
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Analysing the data on the catch of fish products in
SCFs of the Rivne Oblast, it can be noted that most of the
herbivorous fish species were caught — 26.6 tonnes; carp
fish were 23.8 tonnes; the least amount caught was common
roach - 1.5 tonnes [32].
16
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The introduction of fish stocking material can be
carried out all year round, but the vast majority of stocking
occurs in spring and autumn. In 2020, 97.654 thousand ju-
veniles of various fish species were stocked in the reservoirs
of Rivne Oblast (Fig. 4).
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Number of the water body according to Table 1

B Hypophthalmichthys molitrix, Hypophthalmichthys nobilis (2+)
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Figure 4. Volumes of settlement of various fish species in SCFs of the Rivne Oblast (2020)

The smallest number of wild fish was made up of
two-year-olds of the grass carp — 5,588 thousand speci-
mens; most of all, two-year-olds of silver carp were settled —
40,489 thousand specimens. Analysis of the settlement
volumes of the main commercial species of ichthyofauna

over a 5-year period showed that all the farms under study
are stocked with more herbivorous fish species (grass carp,
white and mottled silver carp). According to the reporting
data, for five years in almost all farms, the volume of planned
stocking coincides with the actual one (Table 2) [32].

Table 2. Dynamics of fish settlement (thous. units) by users of special commercial fisheries in 2015-2019

Years
SCF 2015 2016 2017 2018 2019

plan ‘ fact plan ‘ fact plan ‘ fact plan ‘ fact plan fact
1 20.92 20.92 20.92 20.92 20.82 16.01 7.26 7.26 7.26 7.26
2 32.5 30.5 10.83 10.16 10.82 10.82  10.83 10.83  10.83 10.83
3 24.7 24.7 24.7 12.0 24.7 15.0 8.23 4.0 8.7 8.2
4 40.07 - 40.07 - - - - - - -
5 60.32 33.93 56.55 52.78 18.85 9.54 18.85 18.85 18.85 18.85
6 20.02 20.02 17,453 17,453 6.16 2.56 6,158 6,158 6,164 6,164
7 13,993 13,993  15.74 - 15.74 - 5245 5245 5245 5,245
8 21.0 8.0 21.0 21.0 21.0 21.0 21.0 - 7.0 6,985
9 27,933 27,933 28.8 28.8 27.93 27.93 9.59 9.59 18.93 18.93
10 32.5 - 32.5 - 32.5 32.0 10.82 10.82  10.83 10,825
11 13.0 - 13.0 - 12.28 12.28 4.33 4.33 4,365 4,365

According to the reporting data, in 2017-2019, the
actual population of commercial fish species mostly co-
incided with the planned one, except for ponds in Kustyn
and Zabara villages. Data on the introduction of aquatic
living resources into the channel pond, which is located
in Okhmatkiv village has been absent since 2016 [4]. In
all farms, there is a tendency to reduce the number of

commercial fish species, which is most likely conditioned
by difficult economic conditions, in particular, an increase
in the cost of fish stocking material. The high cost of grown
products creates a high price for consumers, so the demand
for live fish is low compared to imported ones. These fac-
tors lead to a decrease in the volume of fish population in
special commercial fisheries in Rivne Oblast.
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Table 3. Dynamics of fish catch (t) by users of special commercial fisheries in 2010-2019

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Channel pond, Klyntsi village, Dubenskyi district
- | - | s2 52 54| - |55 555656 57]57]59]59][60]60]61]61]63]63
Channel pond, Kolodiivka village, Koretskyi district
- - - | - 51| - |53]53] 66 66|66 6666 66|66 6666|6666 66
Channel pond, Kustyn, Rivnenskyi district
- - - | - l44a] - 47|30 |52]31 |52 2954275436 54|54 54] 54
Channel pond, Okhmatkiv village, Demydivskyi district
- - - - s - Jeeles 69 leo ]2 - s - | - | - -] - -] -
Channel pond, Varkovychi village, Dubenskyi district
- | - 93 9393 - | 94| - 94| 70[94 33 96509635 9652 98]60

Channel pond, Mali Dorohostai village, Mlynivskyi district

113 [ 113 ] 1272 - [3.90]390 395 - |410]4.10 | 415 | 415] 430 | 430 | 4.40 | 440 | 445 | 4.45 | 460 | 4.60

Channel pond, Yuchyn village, Goshchanskyi district

| 286 | 286|316 - | 336336

3.56 | 3.56 | 3.76 | 3.76 | 3.86 | 3.86 | 4.06 | - | 4.26 | 4.26 | 4.46 | 4.46

Channel pond, Zabara village, Koretskyi district

(601| - |612612]638] 638638369 638638 7.28 | 5.60 | 6.38 | 6.38 | 638 | 6.38

Channel pond, Derevyane village, Rivnenskyi district

562 - |605]6.05

6.30 | 6.30 | 6.36

6.36 | 6.76 | 6.76 | 6.76 | 6.76 | 6.76 | 6.76 | 6.76 | 6.76

channel pond, Volodymyrets urban-type settlement, Volodymyretskyi district

811 -

8.50 | 8.50 | 8.80 | 8.80 | 9.10| -

9.10 | - [9.10]9.10|9.10]9.10 | 9.10 | 9.10

Channel pond, Uizdtsi village, Mlynivskyi district

- | -] -] - [220] - [229]229) 238238247 247 | 2.56 | 2.56 | 2.65 | 2.65

According to the reporting data in SCFs, since 2015,
the actual catch mostly coincided with the planned one, ex-
cept for ponds in Varkovychi, Kustyn, and Zabara villages. In
the channel pond located in Okhmatkiv village, fishing has
not taken place since 2016 [32].

The fishery on the channel pond in Mali Dorohostai
village was operating before 2010, while most farms started
operating only in 2012 (6 out of 11) and the first catch was
carried out in 2013. Analysis of catch dynamics based on
the reporting data shows a gradual slight increase in com-
parison with the first years of operation of special commer-
cial fisheries in Klyntsi and Kustyn villages. On the SCF in
Volodymyrets urban-type settlement over the 5-year period,
the average catch was 8.92 tonnes [32].

Conclusions

One of the problems of the development of fisheries in
Rivne Oblast is low profitability, and as a result, the lack

of organised industrial fishing of aquatic living resources.
To date, the activities of fishing organisations on the wa-
ter bodies of the region have been stopped. Thus, fishing is
mainly carried out by amateur fishermen. There are several
public organisations of amateur fishermen in the region,
which unite up to 15 thousand fishermen and sportsmen.
The catch of fish according to these public organisations
amounted to 16,393 tonnes, but the volume of stocking
is insignificant — 25 thousand specimens of annual fish
of various species (pike, silver crucian carp, etc.) and 1.33
thousand specimens of two-year-old mottled silver carp.

Fish stocks are replenished in fish farms, mainly
by herbivorous fish species and carp. However, in 2016-
2019, the volume of moving in almost all farms decreased
three times compared to 2015, while the volume of fish
caught in SCFs, on the contrary, increased slightly and in
recent years the actual catch mainly coincided with the
planned one.
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CraH BUKOPHCTAaHHS PUOHHUX pecypciB Manx BoJgoiM PiBHeHCHKOT o0J1acTi

Inona Onekcanppisua Ilapdeniox’, IOnis PomaniBua I'poxoBcbka’,
Bagum IleTpoBuy MapiieHIOK?

'HanioHanbHMIT YHiBepCUTET BOJHOTO rOCIIONapPCTBa Ta MIPUPOLOKOPUCTYBAHHS
33028, Bys1. CobopHa, 11, M. PiBHe, YkpaiHa

’HarmioHa/ibHUIT YHIBEpCUTET OiopecypciB Ta MPUPOIOKOPUCTYBAHHS YRpaiHu
03041, Byin. l'epoiB O6oponu, 15, M. Knis, Vkpaina

AHoTalist. BpakoHbEPCTBO Ta HEpEry/IbOBaHE JIIOOUTETbChKE PMOATBCTBO MPU3BEIN 0 36iMHEHHS i, MiCLISIMM, TTOBHOTO
BUHMILEHHSI TTOMYJISIIi} MPOMMUCIOBO I[iHHUX BUIiB pub y PiBHEHCBKiii 06/1aCTi, TOMY HisUTbHICTh CIeliaIlbHUX TOBapPHUX
PUGHUX rOCIONapCTB 3abe3meuye 36epeskeHHs 3amaciB pu6HUX pecypciB. MeTOI HOCTiKEeHHS € aHa/li3 CTaHy BOJHOTO
¢donpny PiBHeHCbKOi 061acTi, BUKOPUCTaHHS PUOHMX PECypciB AaHUX BOJOIM, 30KpemMa, pPe3ylbTaTiB disVIbHOCTI
crielialbHUX TOBAPHUX PUOHUX TOCIIOAAPCTB, MPOMMUCIOBOTO Ta JIIOOUTEIbCHKOTO BUIOBY pUbOM i BogHMX Giopecypcis.
3a panuMu YpasiiHHS [JepskaBHOTO areHTCTBa PUOHOTO TOCIIOAAPCTBA Ta Meriopallii y PiBHEHCHKil 06/1aCTi, BIPOIOBXK
OCTaHHIX ABAAISTU POKiB CIIOCTEPIraeThCs TEHIEHIISI 10 3HYDKEHHS O0OCSTiB BMJIOBY Ta BCEJIEHHSI pubM y IPUPOIHi Ta
mtyyHi Bogoiimu. 3 2010 poKy, BHACHILOK HM3bKOI peHTabelbHOCTi, MOBHICTIO MPUNIMHEHA AisUIbHICTh pub0L0OYBHUX
opraHisariiii, xoua paHiie MpOMUCIOBMIT BUJIOB BOTHUX KMBUX PECYPCiB BijGYyBaBCs Ha BEIMKUX BOTHUX 00 €KTaX, 30KpemMa
y piukax (TopuHb, IkBa, CTup), o3epax (Hobenb, [TyTuaiscoke), BomocxoBuiiax (MianHiBcbKe, XpiHHKIIbKe). Ha cboromui
OCHOBHMM CITOCO60M p160I06YBaHHSI, KPiM MisVIbHOCTI CIeI[iaTbHMX TOBAPHUX PUOHMX rOCIIOJAPCTB, € HEOpraHi3oBaHe
nmobuTenbcbke pubanbeTBO. IpodinbHi rpoMachKi opraHisarii pubanok-m06uTeNiB opraHizailii 06’¢fHYIOTh Bif 8 1o
15 THcsy pubaNOK-aMaTopiB Ta CIIOPTCMEHiB, 3[iliCHIOIOTh OpraHi3oBaHe JIOOUTENbChbKE PUOATBCTBO, 3aIMAIOThCS
BCEJIEHHSIM PUOHUX pecypciB y BOLHI 06'€KTHU perioHy (KOpoIa, pOUIMHOITHMUX pUb, a TaKOX IIyKM 3BMUATHOI Ta Kapacs
cpibnsicToro). Hait6isbIny 4acTKy B y/IoBaxX pubaoK CK/IaJaloTh KOPOII Ta Kapach CPibisicTMit; pifiie TpaTIsIOThCS IIyKa,
OKYHb 3BUYAIfHNI1, TOBCTOMIOOMKMY, TUTiTKa Ta KpacHoIipka. CTaH BeleHHS prOOroCnofapchbKoi AisIbHOCTI Y CITeliaibHUX
TOBapHMUX PMOHMX rocromapcTBax PiBHeHChKOi 06/1acTi 3a ocranHi 10 pokiB dakTHuHO He 3a3HaB 3MiH. CraHom Ha 2021
PiK y perioHi ix muimiocs e 11, o mpaIfo0Th Ha YMOBaX OpeHIM; Ta JeKiJbKa ITiAITPMEMCTB IMPUBATHOI BJIACHOCTI,
Jie 3IiMCHIOEThCSI BUPOIIYBAHHS TOBAPHOI puOM y MOBHOCUCTEMHMX Ta HEMOBHOCMCTEMHUX rocropapcrBax. O6csru
BCeJIEHHSI MOJIOA1 pub Maitke y BCiX rOCIOApCTBax 3MEeHIIMINCh YTPUYi y MOpiBHSHHI 3 2015 pokoM, BoZHOYAC 06CsITH
BUJIOBY pUOM [IEIIO0 3pOocin. AHaJTi3 CTaHy BUKOPUCTAHHSI PUOHMX PecypciB MaMX BOJOM HeOOXiqHWI AJISl TIOAAbIIOTO
palioHaJIbHOTO BWJTYUEHHS Ta BiTHOBJIEHHS 3amaciB puOGHUX pecypciB Maaux BofoiimM PiBHeHChKOI 061acTi

KirouoBi cioBa: BomHi pecypcu, pubHe TOCIIofAapCTBO, MPOMMUCIOBUI BUIOB, 0OCITY BUIOBY, BCEJIEHHS, THOOUTENTbCHKE
pubaIbCTBO
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Abstract. There is a lack of protein products in the human diet, so balancing the nutritional composition of products
remains an urgent task. The purpose of the study is to develop and determine the structural and mechanical characteristics
of finishing processed products made from bean paste, demineralised whey powder, and coconut oil for confectionery.
The main areas of technological use of confectionery pastes are developed: for applying to the surface of products as a
layer; for creating flowers and shaped model products, as a decorative element for flour confectionery products. The study
used food-grade white beans of the Mavka variety, demineralised whey powder made from whey with a 90% degree of
demineralisation in accordance with TS U 15.5-00413890-089:2014. Rheological properties (resilience, elasticity, plasticity)
were determined by a plane-parallel elastoplastometer of Tolstoy modification. The surface characteristics of pastes
were studied using a dynamometer connected to a MiG-1.3 measuring device. The adhesive strength was determined by
separating the steel plate from the bean paste. Empirical regression equations are obtained by correlation and regression
analysis using the MATHCAD-14 software suite. The chemical composition of bean pastes with demineralised whey
powder, their organoleptic quality indicators and structural and mechanical properties were determined to optimise the
recipe composition to improve the functional and technological properties of confectionery pastes. The positive effect of
the mutual use of beans and demineralised whey powder on the structural and mechanical properties of new finishing
processed products was established. The improvement of the moulding capacity indicators at the concentration of 10-30%
demineralised whey powder and 8% coconut oil in the composition has been proven. The reduction of stickiness in the
compositions of bean pastes for modelling shaped products, coating confectionery, and making flowers as decorative
confectionery products at a concentration of coconut oil up to 10% was established. Accordingly, the total scores of the
developed descriptors were: 2.92 for decorative confectionery, 2.98 for coating confectionery, and 2.95 for modelling shaped
products. A change in the colour intensity of bean paste compositions in the case of an increase in the concentration of
demineralised whey powder is established, which allows expanding the technological methods of manufacturing shaped
products. The developed technology and recipe composition allow obtaining high-quality, high-biological value, and low-calorie
finishing processed products for confectionery
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Introduction

Nowadays, there is a lack of protein products in the hu-
man diet. Since protein is a building material for cells, and
performs a protective and transport function, supplying
oxygen to the tissues of the human body, its lack leads to
destructive changes in internal organs, bones, and weak-
ens the immune system. Therefore, an urgent task for re-
searchers and manufacturers is to develop and create prod-
ucts with a balanced nutritional composition. In particular,
this applies to confectionery products, because they have
a high caloric content and glycaemic index. Especially due
to the content of sugar and fat in the recipe, which are of
great technological importance in the formation of com-
plex structures. Therefore, measures to develop a rational
composition of confectionery products should be aimed at
reducing caloric and improving nutritional value [1; 2].

The technological capabilities of the modern con-
fectionery industry allow developing new products with a
variety of taste properties, aromas, consistency, and shape.
This approach is aimed at attracting the attention of con-
sumers, that is, increasing demand. The creation of bean
pastes with a concentration of 12-32% of demineralised
whey powder (DWP) and 6% of coconut oil allows ex-
panding the range of their technological properties. Such
properties improve the organoleptic parameters of bean
pastes and adjust the nutritional value [2]. Promising in
this aspect is the influence of bean pastes on the confec-
tionery coating products and modelling of shaped products
of the confectionery industry, which were not previously
described.

Expanding the raw material base of confectionery
production is becoming a promising area for the develop-
ment of the latest technologies. The use of raw materials
rich in protein substances contributes to the expansion of
the range of processed products and products with appro-
priate organoleptic and physicochemical parameters. The
choice of components and their combination with each
other should consider compatibility and exclude deteriora-
tion of consumer properties of products.

To a large extent, the health of a modern person de-
pends on the nature, level, and structure of nutrition. In
Ukraine today, there is an excessive consumption of flour
confectionery products with low biological value, contain-
ing a large amount of sucrose [1]. The researchers [3] note
that the high content of sugars in the daily diet of a person
leads to a decrease in the sensitivity of the body’s cells to
it, the level of glucose in the blood increases, that is, con-
ditions are created for the development of diabetes, meta-
bolic processes are disrupted, and excess weight appears. In
addition, high-calorie meals with a significant content of
easily digestible sugars and fats can cause high cholesterol
and weaken the immune system. Fat saturation also affects
the incidence of diabetes and obesity in the population.
Recipes of many confectionery products contain animal
or trans fats. Saturated fats can cause heart and vascular
diseases [1; 3]. Therefore, it is relevant to develop the latest
health-improving food products with high quality indicators.

Haricot beans are one of the most common legu-
minous crops, the use of which is based on the balance of
its amino acid composition, good digestibility of proteins
by the human body, high taste and nutritional qualities of
the crop and products from it, and the effectiveness of
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pricing policy. Due to these properties, they are equated
with such legumes as chickpeas, soybeans, peas, lentils,
and beans [1]. Beans are traditionally grown on the terri-
tory of Ukraine. Due to their high biological value, they are
widely used in the food industry, medicine, and cosmetics.
Food products from this plant meet the human need for
vegetable protein. It is consumed to prevent high choles-
terol, heart and vascular diseases, and disorders of fat and
protein metabolism [2; 3].

Beans have substances that promote the elimination
of radionuclides from the human body [1; 2] and contain
up to 32% protein. Beans also contain 41.1 to 54.7% car-
bohydrates, 2.2-6.6% fibre, 0.43-3.75% fat, and vitamins E,
B,, B,, B, C. They contain a number of minerals - calcium,
phosphorus, iron (up to 8%), potassium, sodium, iodine,
magnesium, citric acid, and dietary fibre. According to the
literature data [4-6], beans are a food product that contains
almost all the substances for normal human nutrition. The
existing toxic substances phenazine and glycoside are de-
stroyed by heat treatment. Therefore, beans are among the
dietary products.

Recent studies [7] have proven the possibility of using
sweet bean paste made from boiled beans and sugar, for
glueing cakes, pastries, and cookies. This paste is used as a
layer for desserts, confectionery sticks, flour products, and
for the manufacture of plastic mass in the design of confec-
tionery products with curly decor [7; 8]. Such a processed
product has a high biological and nutritional value, but has
low organoleptic characteristics due to the specific taste
and aroma of beans.

In [8-10], researchers suggest using a combination
of DWP and beans of the Mavka variety in the recipe of
confectionery paste. Due to the high content of biologically
active substances, this combination provides a high nutri-
tional value for finishing processed products.

In their papers, A. Dyakonova [11], M. Riabchenko
and K. Ulianchenko [12] prove the expediency of studying
the quality and safety of legumes, improving their consumer
properties with the prospect of further application.

As evidenced by the experience of Ukrainian and
foreign researchers, the use of beans in the production of
processed confectionery products was insufficiently inves-
tigated. This includes an insufficient investigation of the use
of the common Mavka variety of beans in the composition
of confectionery pastes.

Based on the above, the purpose of the study is to
develop and determine the structural and chemical charac-
teristics of finishing bean confectionery pastes made from
DWP and coconut oil.

To achieve this goal, it is necessary to consider and
solve the following scientific and practical tasks:

— improve functional and technological properties of
bean pastes in the composition of Mavka beans, DWP, and
coconut oil.

— substantiate the prerequisite for the use of bean
pastes for confectionery processed products of increased
nutritional value and improved consumer properties;

- establish the feasibility of using DWP and coconut oil
for the production of bean pastes;

— investigate the chemical composition of confectionery
bean pastes with DWP.
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Materials and Methods

The study began in 2019 at the Kyiv National University
of Trade and Economics and continued in 2021 with the
participation of the Ternopil Ivan Puluj National Technical
University.

Materials under study — demineralised whey powder,

made from subsurface cheese whey with a 90% degree of
demineralisation in accordance with TS U 15.5-00413890-
089:2014 [13]; model compositions of bean pastes made
from white beans of the Mavka variety with a dosage of
DWP of 10-30% and coconut oil - 1-12% per 100 g (Table 1).

Table 1. Composition of the recipe for model compositions of bean pastes with DWP, per 100 g

Sample with coconut oil content, %

Raw material name Control
4+ | 6 | s 10 | 12
CC (confectionery coating) paste

Bean paste processed product 81.0 78.3 76.0 76.5 74.0 74.0
DWP 21.0 18.1 18.0 16.4 16.0 15.0

H,0 (water) 11.0 9.5 11.0 10.1 11.0 11.0
Coconut oil - 4.2 7.0 8.11 9.0 11.0

DC (decorative confectionery) paste

Bean paste processed product 89.0 87.6 87.0 87.0 85.0 84.0
DWP 9.0 8.1 7.0 6.0 5.0 4.0

H,0 (water) 6.0 4.5 4.5 4.5 4.5 4.5
Coconut oil - 3.9 6.0 7.9 10.0 12.0

MSP (modelling of shaped products) paste

Bean paste processed product 70.0 68.0 67.0 66.0 65.0 64.0
DWP 30.0 28.0 27.0 26.0 25.0 24.0

H,0 (water) 15.0 14.9 14.9 14.9 14.9 14.9
Coconut oil - 4.0 6.0 8.0 10.0 12.0

Evaluation of the possibility of using paste from
white food beans of the Mavka variety with the additives
of DWP and coconut oil in the developed recipe formulas is
aimed at establishing the rheological, chemical and struc-
tural characteristics of their behaviour in a multicomponent
system.

The main structural and mechanical properties of
pastes with a given range of coconut oil concentrations
were determined by the deformation characteristics. The
rheological properties of the control and proposed sam-
ples were studied on a plane-parallel elastoplastometer of
Tolstoy modification [14]. It determines the shear strain re-
lated to the thickness of the sample under constant stress.
When studying the characteristics of model systems, fixed
loads were selected for all variants (65 g), providing a tem-
perature of +6°C and a sample height of 7 mm.

To determine the visco-elastic and visco-plastic
properties, the method developed in [14] was used. According
to the obtained data, the dependence of the stress action
time relative to the strain is graphically displayed. The
plastic viscosity of structured systems without destruction,
while maintaining constant stresses, was calculated using
the equation:

1-0= 1/ tga, M

where 1-0 — plastic viscosity, PA-s; tga — the angle of in-
clination of the linear section of the curve relative to the
abscissa axis.

Determination of the aftereffect of elastic viscosity:

fel =t/ tg, @)

where nel - elastic viscosity aftereffect, PA-s; tgB — the angle
of inclination of the beginning of the linear section of the
curve relative to the abscissa axis.

The surface characteristics of the control and proto-
type samples were studied with a dynamometer, which was
connected to a MiG-1.3 measuring device. It allowed char-
acterising the level of adhesion of the samples under study
during their surface contact. The adhesive strength was es-
tablished using the method of normal separation of the steel
plate from the bean paste. The obtained data was statistically
processed using the standard Microsoft Office software suite.

Model compositions of finishing processed prod-
ucts were studied according to the developed organoleptic
scales. They are based on indicators of appearance, con-
sistency, taste, smell, and moulding ability. Display of the
appearance characteristics of colour descriptors provided
a range of colours for semi-finished products. The coeffi-
cients of weighting by consistency indicator for CC (con-
fectionery coating) are 0.1:0.1:0.7:0.1; MSP (modelling of
shaped products) — 0.3:0.2:0.2:0.3; DC (decorative confec-
tionery) — 0.2:0.2:0.3:0.3. Areas of technological use: CC -
0.4:0.2; DC - 0.3:0.3; MSP - 0.2:0.4. The search for the op-
timal value of the mass fraction of DWP and coconut oil in
bean pastes was determined by a multi-factor experiment.
Figure 1 shows the order of the research.
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Scientific substantiation of technological characteristics of bean pastes
using demineralised whey powder and coconut oil

v v

Study of the effect of using DWP Study of the effect of the use of DWP
and coconut oil on the bean paste and coconut oil on the chemical
production process composition of bean paste
v v

Scientific substantiation and development of bean paste technology using DWP
and coconut oil

v v
Investigation of the influence of DWP Mathematical modelling of the ratio
and coconut oil on the structural and of recipe components of bean pastes

mechanical, and organoleptic properties
of bean pastes

v v
Introduction of bean paste technology using DWP
and coconut oi into production

Figure 1. Scheme of the research procedure

The obtained results of the experimental array were Defined variable factors: x, - coconut oil con-
statistically processed using correlation and regression tent, %; x, — DWP content, %. According to the design of
analysis using MATHCAD-14 software suite. The obtained  the experiment, a full factorial experiment of type 21, with
empirical regression equations allow qualitatively and two factors, was implemented. Levels and intervals of fac-
quantitatively assessing the characteristics of the selection  tor variation (Table 2). The area for determining factors is

of matrix components [15; 16]. found (Table 3).
Table 2. Level and interval of variation of the factor of complex rheological indicator of the consistency
of bean pastes with DWP
Code Variable Factor level
Factors . f .
designations intervals Main (0) ‘ Upper (+1) Lower(-1)

Coconut oil content, % X, 4 10 20 0

DWP content, % X 5 20 40 0

2

Table 3. Complex rheological indicator of the consistency of bean pastes with DWP

Value
Samples Moulding ability Strength Stretchability Complex indicator
Y, Y, Y, Y
DC 0.41 0.21 0.39 Y ;. =0.39Y,+0.22Y, + 0.39Y,
CC 0.14 0.16 0.69 Y . =0.16Y,+0.16Y,+0.7Y,
MSP 0.59 0.26 0.15 Y o = 0.59Y, +0.24Y, + 0.14Y,
Note: Y. — complex rheological indicator of bean paste for CC, points; Y,,., — complex rheological indicator of bean paste for MSP, points;

Y, — complex rheological indicator of bean paste for DC, points

Using multivariate regression analysis, the response  functions for the specified rheological parameters are shown
surface is constructed. The defined values of the response  in Figures 2, 3.
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Figure 2. Response surface of the factor space of the complex rheological indicator: A — bean paste for CC;
2 - bean paste for DC
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DWP, % 35
40

Figure 3. Response surface of the factor complex rheological space indicator for bean paste MSP

The dependences of the complex rheological indi-  using the following mathematical models (1-3):
cator on the content of coconut oil and DWP are described
(€]

Y, = 3.3%10°%,2 x,2+ 0.00136 x X2 + 0.00121 x > X, - 0.0106 X 2 — 0.0188 x,? + 0.4423 X, + 0.6792 , - 0.9208
2

Y, = 2.92x10°5%,2 X, ~ 0.000515 X,X,? - 0.000692 X 2 X, + 0.0131 X, X, - 0.00091x,? +0.00841 X, - 0.072 X, + 4.856
©)

Y, = 3:64x10% 2 x,2— 0.002 X x,* ~ 0.00065 X,? X, + 0.0373 X, X, - 0.0287 x,? +0.00597 x, - 0.546 X, +4.917

The obtained data allowed determining the optimal  greatest statistical value in assessing mutual influence is their
ratio of components of the developed bean pastes (Table 4). It  use. Based on the data, the optimal ratio of components of the
is established that all factors are statistically significant. The  developed bean pastes was determined (Table 4).

Table 4. Optimisation parameters for recipe components of bean pastes
Sample Coconut oil, % DWP, %
indicators | Minimum value | Maximum value ‘ Optimal value | Minimum value ‘ Maximum value ‘ Optimal data
CC 9.7 10.2 9.0 19.5 22.6 21.0
DC 9.8 10.13 9.0 10.0 10.8 10.0
MSP 9.7 10.12 9.0 28.9 30.9 31.0
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Optimal values are selected by rounding the optimised
values within compromise areas to facilitate the dosing of rec-
ipe components of bean pastes in a production environment.

Results and Discussion

The results of studies [15; 16] on the organoleptic, and
structural and mechanical characteristics of bean pastes
allowed determining the zone of rational concentrations of
DWP and coconut oil in the developed formulations by a
planned experiment.

Clearly, an increase in the concentration of DWP in
bean pastes increases the adhesive and cohesive strength,
which makes it difficult to work with them. A possible
solution to this problem is to use coconut oil, which con-
tains saturated fatty acids - lauric and myristic and a small
amount of volatile acids: caprylic and capronic. Therefore,
in the production of products made from bean pastes, the
selection of the optimal composition of ingredients ac-
cording to the recipe is an urgent issue.

Some studies [10; 17] were aimed at finding the
optimal ratio of structure-forming components of bean
taste and aroma. On their basis, harmonious taste and
aroma compositions are created. Therefore, the effective-
ness of using DWP in the technology of bean paste should
be aimed at eliminating the taste and aroma properties of
beans with the creation of their harmonious compositions.

The properties of demineralised whey powder (DWP)
and its high moisture-binding and moisture-retaining ability
in the technology of bean pastes are described in sufficient
detail in [18], which allowed taking the data into account
in this study. The assistance of DWP in the creation of a

stronger structure was also established, which is condi-
tioned by the emergence and development of the spatial
framework. Therefore, in the continuous phase of the dis-
persion medium, stronger hydrogen bonds appear and the
frame acquires static shear strength, which gives certain
structural and mechanical properties to bean pastes.

It is proved [19] that a different ratio of DWP can
be used to regulate these qualitative indicators. It was
found [20; 21] that the DWP concentration of 11-31% af-
fects changes in the structural characteristics of bean
pastes, improving technological and functional properties.
At the same time, this dosage of DWP provides the best
rheological characteristics of pastes and, accordingly, gives
them optimal moulding ability.

Consequently, the formation of the structure of
bean pastes is caused by oppositely directed processes: de-
struction of the enzymatic cell structure and aggregation
of protein particles in the spatial framework due to dehy-
dration of the system. In addition, strong covalent bonds
appear, and this is an improvement in the structural and
mechanical properties of the paste.

The chemical composition was studied and the
protein quality of bean pastes with DWP was evaluated
(Tables 5, 6). The protein content is 9.8-10.3%, sucrose is
reduced by 1.2 times, which indicates an increase in the
quality of protein in the developed pastes. The fat content
is 10%. The results of studies of carbohydrate composition
reflected a decrease in sucrose, starch, and food fibres by
1.25-1.45 times compared to the control. There was also
an increase in the amount of lactose by 11-16% of the total
carbohydrate composition.

Table 5. Chemical composition of bean pastes with DWP

Indicators Control CC Differ'ence, DC Differ.e nce, MSP Differ.e Tce,
units units units
Protein, % 10.1+04 10.2+0.2 9.8%0.5 -0.3 10.3+0.2 0.2
Fats, % 1.0+0.5 10.9%£0.3 109+ 0.4 9.9 10904 9.9
Carbohydrates,% 75.3+0.4 68.6 £0.4 -6.7 68.5+0.5 -6.8 68.9+0.2 -6.4
incl. Sucrose, % 51.6%0.1 39.2+04 -12.4 44.4+0.5 -7.2 34.1%£0.2 -17.5
Lactose, % - 11.4£0.1 114 3.8%£0.2 3.8 19.2£04 19.2
Starch, % 21.7%0.1 16.5+0.1 -5.2 18.7+£0.3 -3.0 14.3£0.3 -74
Dietary fibre,% 1.9+04 1.5+0.1 -0.4 1.7£0.4 -0.2 1.3%£0.1 -0.6
Macronutrients, mg
Potassium (K) 550.0+0.1 | 608.5=0.3 58.5 536.5%0.1 13.5 1395 £0.1 845.5
Calcium (Ca) 75.0%0.2 283.5%0.3 208.5 140.0+0.2 65.0 524.5+0.5 449.5
Magnesium (Mg) 51.5%0.1 76.6 0.1 25.1 56.8+0.4 5.3 163.4+0.1 111.9
Phosphorus (P) 271.5%£0.1 | 396.8+0.1 125.3 296.9+0.4 -25.4 849.6+0.1 578.1
Microelements, mcg
Iron (Fe) 2,970.0£0.1 | 2,656.2 0.1 -313.8 2,687.2+0.2 -282 2,625.0£0.1 -345.0
Iodine (I) 6.1£0.1 14.8+0.5 114 8.6%0.1 2.5 20.9+0.2 14.9
Manganese (Mn) 670.0+0.2 | 510.7%0.1 -159.3 576.7+0.3 -93.3 444.7+0.1 -225.3
Copper (Cu) 290.0+0.1 | 220.4%0.5 -69.6 249.4+0.3 -40.6 191.4%0.5 -98.6
Molybdenum (Mo) 19.7£0.2 149+04 -4.7 16.9£0.1 -2.8 13.0£0.5 -6.7
Fluorine (F) 22.0+0.3 16.7+0.1 -5.3 18.9+04 -3.1 14.5+0.5 -7.5
Zinc (Zn) 1,605.0+0.5 | 1,534.8 0.1 -70.2 1,485.3+0.1 -119 1,584.3+0.1 -20.7
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Indicators Control CC Differ'ence, DC Differ_e nce, MSP Differ.e TCe,
units units units
Vitamins
Tocopherol (E), mg 1.92+0.1 1.45+0.2 -0.47 1.65%0.1 -0.27 1.27+04 -0.65
Ascorbic acid (C), mg - 0.75+0.2 0.75 0.25+0.1 0.25 1.25%0.1 1.25
Pyridoxine (B6), mg 0.45+0.2 0.44%0.1 -0.01 0.41%0.1 -0.04 0.45+0.5 -
Cobalamin (B12), mcg - 0.36 £0.1 0.36 0.12%0.3 0.12 1.56 +0.5 1.56
Biotin (B7), mcg - 5.55+0.3 5.55 1.85+0.1 1.85 9.25%0.1 9.25
Niacin (B3,PP), mg 1.05+0.1 09104 -0.14 0.94%£0.3 -0.11 0.85+0.1 -0.2
Pantothenic acid (B5),mg | 0.6+0.4 1.29+0.5 0.69 0.79+0.2 0.19 1.79+04 1.19
Riboflavin (B2), mg 0.09+0.4 0.25%0.1 0.19 0.13+0.2 0.04 0.37+0.3 0.28
Thiamine (B1), mg 0.25+0.1 0.22+0.5 -0.03 0.22%0.1 -0.03 0.21%£0.1 -0.04
Folacin (B9), mcg 45.0+0.3 35.9%0.3 -9.1 38.3+0.4 -6.7 32.6%0.2 -124
Choline (B4), mg - 15.0+0.1 15.0 5.0%+0.5 5.0 25.0%0.2 25.0
Energy value, kcal 331 376 45 372 41 361 30
Glycaemic index 53 49 -4 50 -3 47 -6
Note: (dry matter content per 100 g), p < 0.05
Table 6. Protein quality assessment of bean pastes with DWP
Control CC DC MSP
Essential amino acid
C AAASD C ‘ AAASD C AAASD C AAASD
Lysine 205 145 189 132 149 98 161 107
Threonine 118 58 120 63 125 74 132 78
Valine 140 80 132 75 130 79 126 72
Methionine+Cystine *60 0 *57 0 *51 0 *54 0
Leucine 180 120 164 107 150 99 135 81
Isoleucine 155 95 142 85 135 84 122 68
Tyrosine + Phenylalanine 118 58 108 51 102 51 93 39
Tryptophan 130 70 110 53 120 69 110 56
AAASD - 626 - 566 - 554 - 501
AASDF - 78 - 70 - 69 - 62

Improvement of the vitamin and mineral compo-
sition of the developed bean pastes was established. The
content of macronutrients increases significantly, in par-
ticular, K by 59-846 mg, Ca by 209-450 mg, and P by 126-
579 mg. The vitamin composition was supplemented with
vitamin C (0.75 - 1.25 mg), B,, (0.36 - 1.56 mcg), B, (5.55-
9.25 mcg), B, (15-25 mg), vitamin B, increased by 0.69-
1.19 mcg, B, by 0.19-0.28 mg (Table 5).

The developed bean pastes belong to products with
an average GI (glycaemic index), which is 47-50 units, but the
energy value increases by 15-20% compared to the control.

As a result of the research, an increase in the colour
intensity of model compositions of bean pastes was found
with an increase in the concentration of DWP, which ap-
proaches a light cream colour and, accordingly, contributes
to the disappearance of transparency of the consistency
inherent in traditional bean pastes. This allows expanding
the areas of their technological use. Thus, the resulting
paste becomes suitable for covering confectionery products
and modelling of various shapes.

The presence of DWP in the amount of 11-31%
in bean pastes increases the saturation of milk taste and
smell, and also helps to “mask” the bean taste and aroma.
DWP at a concentration of 10-30% creates a harmonious,
balanced taste and aroma composition.

The introduction of DWP in the formulation of bean
pastes improves their consistency. Increased density and
strength indicators while reducing softness optimise the
product moulding. However, an increase in the concentration
of DWP leads to an increase in stickiness indicators by 10%,
which is the main disadvantage.

The results of organoleptic analysis of the developed
descriptors indicate that CC pastes have the best indica-
tors. Thus, at an DWP concentration of 20%, the total score
is 4.64. For DC paste, the highest overall score is set at a
DWP concentration of 30%, but the recommended DWP
concentration is 10%. This is substantiated by the optimal
score when evaluating appearance indicators, since only
bean pastes have a unique transparency, which is optimally
preserved only at a DWP concentration of 10%. This typical
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transparency allows making flowers from bean paste as a
decorative element for finishing confectionery products as
realistic as possible. For MSP paste, the best values are ob-
served at a DWP concentration of 30%.

The process of making compositions of bean pastes
with demineralised whey powder with the addition of
coconut oil is essentially mixing the components. In the

process, the formulation mixture undergoes physicochemical
transformations and interacts with each other to form var-
ious bonds. The mixed mass of the paste belongs to a vis-
co-plastic structured system [20]. Accordingly, the effect of
bean pastes with a concentration of DWP and coconut oil in
the amount of 4-12% on the adhesive strength indicators
was established. The data is summarised in Table 7.

Table 7. Adhesive strength (wa) of bean paste compositions with DWP and coconut oil

Samples with coconut oil concentration, %

Designation P ‘ o 3 10 12
(wa), H/m?, DWP 21% 65.1 42.1 35.3 27.9 24.2 23.5
Difference, % - -22.2 -29.1 -36.4 -43.2 -41.1
(wa), H/m?2, DWP 11% 56.3 37.0 31.5 26.2 22.0 22.4
Difference, % - -18.6 -24.2 -29.5 -33.6 -33.9
(wa), H/m?2, DWP 31% 7.2 55.5 48.0 39.9 26.2 25.1
Difference, % - -18.3 -30.8 -25.8 -47.6 -48.7

Note: (n=5,p <0.05)

Table 7 shows that the adhesive strength of bean
pastes decreases from 65.1 to 23.5 H/m? at a DWP concentra-
tion of 20%, from 56.3 to 22.4 H/m? at a DWP concentration
of 11%, and from 73.8 to 25.2 H/m? at a DWP concentration
of 31%. The presence of coconut oil reduces the adhesive
strength of bean paste with DWP by three times compared
to the control sample. The concentration of 11% of coconut

oil in the composition of bean pastes with DWP brings the
adhesive strength closer to the characteristics of prepared
pastes using conventional technologies. The components
of the paste have different effects on the deformation char-
acteristics of model compositions. The effect of coconut oil
concentration on the deformation characteristics of model
compositions of bean pastes with DWP is shown in Table 8.

Table 8. Deformation characteristics of model compositions of bean pastes with DWP and coconut oil

Name of the indicator Designation Samples with coconut oil concentration, %
0 4 6 8 10 12

CC 340.0 325.7 3029  301.0 2871 2814
Reverse deformation, 103 Yiew DC 358.6 348.6 337.1 328.6 305.2 291.1
MSP 334.3 328.1 312.9 305.0 289.1 276.4
Irreversible deformation, 10 Yir DCCI\(/:[SP 13.0 13.0 13.0 13.0 13.0 13.0
CC 352.9 338.6 325.7 319.9 311.0 294.3
Total deformation, 10 Yiotal DC 3714 361.4 350.0 341.4 320.0 300.1
MSP 347.1 337.1 315.7 312.9  304.2 2713

Note: (n=5, p<0.05)

Data from the table indicate a gradual decrease in
the total deformation by 25-30% relative to the control.
The irreversible deformation is stable for all prototypes,
regardless of the concentration of DWP and is 12.9 c.u. A
decrease was established in the DC deformation index —
from 358.6 to 291.1 c.u.; CC - from 340.0 to 281.4 c.u.; MSP -
from 334.3 to 276.4 c.u. This trend of change indicates a
significant effect of coconut oil on the consistency of bean
pastes with DWP.

Based on comparisons of bean paste with marzipan,
the strength character is established. Therefore, coconut
oil, which has certain crystallisation properties, is a prom-
ising component. In general, the experiments described
above indicate the feasibility of using coconut oil in bean
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paste technology. The results of the analysis confirm a de-
crease in the stickiness of model bean pastes CC, MSP, DC
with an increase in the concentration of coconut oil. It also
creates conditions for increasing strength and density with
a decrease in stretchability indicators.

The results of organoleptic studies showed the best
consistency of the compositions of bean pastes with DWP
was observed with the 11% concentration of coconut oil.
The total score of the developed descriptors was 2.97 for
CC, 2.93 for DC, and 2.94 for MSP. Therefore, the impact
that is carried out on improving the overall assessment of
bean pastes is conditioned primarily by the properties of
coconut oil. Evaluating the organoleptic quality indicators
of the studied bean pastes, the appearance should be noted,
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namely, a unique transparent colour with a light yellow hue,
which allows them to be used in the production of decorative
elements for finishing confectionery.

Conclusions

Thus, the results of the conducted studies confirmed the
prospects of using DWP in the technologies of bean pastes
in a concentration of 11-31% and coconut oil in an amount
of 10%. The established dosage allows obtaining the de-
sired structural and mechanical properties of finishing pro-
cessed products in accordance with the area of their tech-
nological use. The developed technology of semi-finished
products provides high-quality and low-calorie finishing
processed products for confectionery.

It has been experimentally confirmed that the devel-
oped technologies of semi-finished products with 11-31%
DWP in bean pastes significantly improve the mineral and
vitamin composition. The balanced chemical composition of

bean confectionery pastes based on DWP and coconut oil con-
tributes to the expansion of the range of low-calorie finishing
processed products. The nutritional and biological value of
the developed bean pastes is experimentally confirmed.

The solution of the research tasks provided the fol-
lowing scientific results:

1. Stabilisation of the rheological characteristics of the
bean paste is achieved due to the properties of DWP and
coconut oil.

2. Technological basis of the conducted research is an
important area for expanding the range of confectionery
products. In addition, the proposed recipe composition of
processed products improves their organoleptic quality in-
dicators and helps to ensure dietary nutrition conditions.

The prospect of further research is aimed at expand-
ing the investigation of the rheological properties of bean
pastes in relation to the use of non-conventional plant raw
materials to improve their chemical composition.
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BnuiuB KOHIIEeHTpaIlil KOKocoBoi 0J1ii i3 MCC/I Ha Bi1acTUBOCTi 6000BHUX MacT

Irop SIpocnaBoBuu CragHuk', Bosogumup AHToHOoBMY ITigmyGHmit?,
lamuna BikropiBna Kapnuk!, Jliogmmia AvaroniBHa beiiko!,
Xpuctuna HOpiisaa KpaBueH1ok!

I'TepHOMIiTBCHKMIT HAITIOHATbHMI TEXHIUYHMI YHiBepcuTeT iM. 1. [Tymros
46001, Byn. Pycbka, 56, M. TepHoITi/Ib, YKpaiHa

2KuiBCbKUIi HalliOHAIbHUIT TOPTOBEIbHO-€KOHOMIUHMI YHIBEPCUTET
02156, Byin. KioTo, 19, M. KuiB, Ykpaina

AHoranjis. B pailioHi xapuyBaHHSI JIIOOVHY CIIOCTePIiraeThCsl HecTaua 617TKOBUX MPOLYKTiB, TOMY aKTya/JbHUM 3aBJaHHSIM
CBHOTOZIEHHS 3aJTUIIIAEThCS 30aTaHCYBaHHS HyTPiEHTHOTO CKJIAY MTPOLYKTiB. METO NOCTiIKeHb € PO3PO0/IeHHS Ta BU3HAUEHHSI
CTPYKTYPHO-MEXaHIYHMX XapaKTepUCTUK O3[00MI0BAILHOTO HamiBdadbpuKkaTy i3 mactv 6060BOi, MOJIOYHOI CUPOBATKA
Cyxoi memiHepasi3oBaHOi Ta KOKOCOBOI OJIii [T KOHAUTEPChKUX BUPOGiB. PO3po6IeHO OCHOBHI HAIpSIMM TEXHOJIOTiYHOTO
BUKOPUCTAHHS KOHOUTEPChKMX ITACT: [J1s1 HAHECEHHST Ha TOBEPXHIO BUPOOiB B SIKOCTI Iy ; s pO3pOOIeHHSI KBiTiB Ta irypHmUx
MOJIe/IbHUX BUPOOIB, SIK IeKOPAaTUBHOTO eJleMeHTY /IS G0POLIHSHUX KOHAUTEePChKMUX BUPO6iB. BUKOpKUCTaHO KBacomo 6imy
MIPOAOBOIBYOTO COPTY «MaBKa», MOJIOUHY CMPOBATKY CyXy JeMiHepani3oBaHy, BUTOTOBJIEHY i3 MifcMpHOL cupoBaTku 3 90 %
CTyTieHeM AeMiHepaisalii BigmosigHo TY V 15.5-00413890-089:2014. PeosioriuHi BIaCTUBOCTI (TIPYKHICTh, €1aCTUYHICTD,
IIaCTMYHICTb) BU3HAUA/IM IIJIOCKOIIapase/ibHUM enacroriactomerpoM Toscroro. [ToBepxHeBi xapakKTepyUCTUKY ITACT BUBYAIN
JIVHAMOMETPOM, IiIKIFYEHMM 0 BUMipIOBaJIbHOTO rpmiany MIG-1.3. AnresiiiHy MillHiCTb BU3HAYa/IM BiIpMBOM Bim 6060801
MacTy IUIaCTUHKYU cTaneBoi. OfepykaHO eMITipMyYHi PiBHSIHHSI perpecii MeTomoM KOpesIsILiiHOTO Ta perpeciifHoro aHasisy 3
BMKOpUcTaHHSIM mporpamu MathCAD-14. Bu3HaueHO XiMiuyHMIT cKkiaj 6060BMX MAcCT 3 MOJOYHOI CHMPOBATKOKI CYXOIH0
JleMiHepaJli30BaHOI0, iX OpPraHONENTMUYHI IOKa3HMKM SIKOCTi Ta CTPYKTYPHO-MeXaHiuHi BJACTMBOCTI 3 METOI0 ONTMMi3alil
PpelLleNTypPHOTO CKJIaAy AJIsl MOKpaleHHs GyHKIi0HAIbHO-TEXHOIOTIUHMX BIAaCTMBOCTel KOHIUTEPChKMX MacT. BcTaHOBIEHO
MO3UTVBHMIT e(heKT B3a€EMHOTO BUKOPVMCTAHHS KBACOJi, MOJIOYHOI CyXOi CMpPOBAaTKM JE€MiHEPaTi30BaHOI HA CTPYKTYPHO-
MeXaHiuHi BIACTMBOCTI HOBMX O03A00MIOBANbHUX HamiBabpukaTiB. [JoBeleHO TOKpalleHHs TMOKa3HMKIB (GhOpMyBaIbHOI
31aTHOCTI 3a KoHUeHTpalii 10...30 % MoI0YHOI CMpOBaTKM CyXOi IeMiHepali30BaHOi Ta 8 % KOKOCOBOI 071ii B peLleNTypHOMY
cKIafi. BcTaHOBIEHO 3MEHIEHHS JIMIKOCT] Y KOMITO3UIIISIX 6G060BMX MACT IJIs1 MOMETIOBAHHS QirypHuUX BUPOGIB, MOKPUTTS
KOHIUTEPChKUX BUPOOIB Ta BUTOTOBJEHHS KBiTiB, SIK IT€KOPAaTUBHMX KOHIUTEPCHKMUX BUPOOIB, MPU KOHIEHTpALii
onii kokocoBoi g0 10 %. BigmoBigHo, 3aranbHi 6aaM po3pobieHnx OeCKpUITOPiB CTaHOBIWIN: 2,92 IS JeKOPaTUBHUX
KOHIUTEPCbKUX BUPOGIB, 2,98 M MOKPUTTS KOHAUTEPCHKUX BUPOO6iB Ta 2,95 nyist mogentoBaHHS QirypHMUX BUPOOiB.
BcraHOB/IEHO 3MiHY iIHTEHCMBHOCTI 3a6apB/IeHHS] KOMITO3UIIi macT 6060BMX Yy pasi 36i1blIeHHS KOHIIEHTPAIlii MOTOYHOL
CUPOBAaTKM CyX0i IeMiHepasi30BaHO, 110 J03BOJISIE PO3IUMPUTHU TEXHOIOTIUHI MPMITOMM BUTOTOBIIEHHS QirypHUX BUPOOiB.
Po3po6iieHa TeXHOJIOTiS Ta PelenTypHuil CKIam Aal0Th 3MOTY OTPUMMATH SIKiCHi, 3 BMCOKOIO 6i0JOTiuHOIO IiHHICTIO Ta
HM3bKOKAJIOPiiiHi 03006/110BaIbHi HaMiBha6puKaTy 4151 KOHAUTEePChKUX BUPOOBIB.

KirouoBi cioBa: 6i10K, KBacoJst, aaresiifHa MillHiCTb, peoJIOTiuHi BJIACTMBOCTI, ONMTUMIi3allisl, pelenTypHUii CKIa,
KOMIIO3MIIisI macT
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Efficiency of using foamed glass for biofilter of an aquaculture recycling system
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03041, 15 Heroiv Oborony Str., Kyiv, Ukraine

Abstract. Modern technologies of cultivation of hydrobionts in recirculating aquaculture systems require significant
volumes of biological filters (about 10% of the total volume of the fish farming system), which makes it relevant to search
for new fillers that would have a larger specific surface area for colonisation by microorganisms than conventional polymer
filling, which would reduce the size of the biofilter and, accordingly, the cost of water and electricity for the production
of aquaculture products. The purpose of the study was to evaluate the effectiveness of using highly porous foamed glass
as a biofilter filler, compared to conventional floating polymer loading. To achieve this goal, a systematic approach to
a particular problem and general scientific research methods were used: experiment, modelling, comparison, analysis,
synthesis, and generalisation. The model experiment was conducted in the educational and scientific laboratory of the
Centre for Aquatic Bioresources and Aquaculture of the National University of Life and Environmental Sciences of Ukraine.
Based on the results of the experiment, it was found that the test material has a significantly higher bio-cleaning potential
than polymer loading for biofilters. The maximum concentration of ammonia in the water of the recirculating aquasystem
for growing sturgeon fish, which is oxidised by a biofilter with 1 dm? of foamed glass as a filler (32 mg/dm?®) during the
day, was determined. Calculations of the potential biological load during the cultivation of hydrobionts in the aquasystem
were carried out, and it was found that 10 md? of this filler maintains an optimal level of nitrogen content when growing
sterlet fish planting material with a planting density of 41.6 kg/m? or 84.8 kg/m? of commercial fish. It is determined that
the required volume of the biofilter is reduced by 4.55 times, and the cost of water and energy supply for the operation of
the recirculating aquasystem will also be proportionally reduced. Thus, the use of foamed glass as a filler for biofilters of
recirculating aquasystems will increase the profitability of fish production at aquaculture enterprises

Keywords: fish farming, sterlet, process water, nitrifying bacteria, TAN oxidation

Introduction

Recirculating aquaculture systems, due to the rational use
of water and land resources and a high level of intensifica-
tion of the technological process, in contrast to pond fish
farms, can be placed directly in large settlements, which are
the centre of qualified personnel and services, have a devel-
oped infrastructure for the supply of raw materials and sales
of finished products [1].

Conventional forms of fish farming and animal hus-
bandry are sources of environmental pollution. The bulk
of pollutants from growing fish in open aquasystems come

Suggested Citation:

together with discharge process water. The water contains the
remains of artificial feed, faecal masses, and nitrogen-contain-
ing waste from the biochemical processes of fish digestion [1].
The main part of nitrogen (75-85%) isreleased through the gills
of fish in the form of ammonium ions, which in high concen-
trations is dangerous for hydrobionts and accelerates the pro-
cesses of eutrophication of water bodies [2]. In addition, in the
natural reservoirs of areas where pond aquaculture enterprises
are located, there is a risk of biological invasions of foreign
species, and the spread of infectious and invasive diseases [3].
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To reduce the impact of aquaculture on the envi-
ronment, so-called environmentally friendly technologies
and production practices are used with the economical use
of natural water and land resources and minimal waste in
production. One of the forms of such technologies is the
cultivation of hydrobionts in recirculating aquasystems [4].

The technology of operation of recirculating
aquasystems involves controlling the parameters of the
water environment. Systems with a full water regenera-
tion cycle can capture from 96-100% of the resulting pol-
lutants [5], depending on the volume of make-up water
passing through the system. For comparison, a system with
partial water reuse usually achieves an overall waste col-
lection efficiency of 25-50% [6]. In addition, for the use of
“Cornell” round fish tanks with double drainage and micro-
porous filter [7; 8], recirculation systems produce a much
smaller and more concentrated flow of waste, the disposal
of which is much more efficient than in the operation of
conventional pools [9-11].

Thus, systems of partial and fully recirculated water
use offer such key advantages over conventional fish farming
as the reduction of the need for land and water resources by
more than 80% and an increase in the efficiency of waste
capture to 80-100%.

To ensure the sustainable functioning of the
aquasystem, recirculating aquaculture plants require a
large amount of energy resources for the operation of nu-
merous electrical equipment and mechanisms that ensure
water circulation and maintain optimal parameters of the
quality of the water environment: pumps, climate control
and lighting systems, aeration and/or oxygenation devices,
control and measuring devices, etc. In addition, the need
for water replacement remains at a fairly high level: from
5 to 100% of the system volume per day. Improving the en-
vironmental safety of recycling systems and increasing the
profitability of aquaculture production is possible by im-
proving the methods of process water regeneration.

One of the objects of improvement is the technology
of water purification in biofilters. Researchers from many
countries are working on improving the design of biofilters
to bring them to certain standards, namely, the impact on
the efficiency of removing ammonia by a unit of volume of
the biofilter or the specific area of the filler [12-14], study
new fillers for biofilters [15-17], carefully investigate the
influence of various biotic [18-20] and abiotic factors on the
processes of oxidation of nitrogen substances [21-23].

The use of highly porous fillers for biofilters in fish
farming has long been unprofitable due to the rapid loss of
their main advantage — a high specific area per unit volume,
as a result of slagging micropores with biofilm residues.
An annual complete replacement of fillers was required,
which, given their significantly higher cost compared to
polymer fillers, made their use unprofitable. However, the
use of the method of reducing highly porous fillers for bio-
filters with sodium hypochlorite [24] significantly extends
their service life, with a complete replacement only after
significant mechanical wear of the material, which opens
up the potential for using such fillers and requires research
on the possibility of their use, drawing up work schemes
and determining maximum productivity.

The purpose of the study was to evaluate the effec-
tiveness of using highly porous foamed glass as a filler for

Animal Science and Food Technology. 2022. Vol. 13, No. 3

the biofilter of a recirculating aquaculture system when
rearing young sturgeon fish, compared with conventional
floating polymer loading for biofilters.

Materials and Methods

The study was conducted in September-October 2021 in the
educational and scientific laboratory of the Department
of aquaculture of the Centre for Aquatic Bioresources and
Aquaculture of the National University of Life and Envi-
ronmental Sciences of Ukraine, in two stages: experimental,
computational and analytical. At the first stage, the max-
imum level of saturation with total ammonia nitrogen (TAN)
of the process water of the experimental recirculating
aquasystem for growing sturgeon fish was determined,
which is oxidised in a biofilter with foamed glass during
the day. The second stage involved calculations of the po-
tential biological load of young sturgeon fish (using the ex-
ample of sterlet) and commercial fish of aquasystems with
two types of biofilter materials: foamed glass and polymer
floating loading.

The material for the research was foamed glass of
the JBL MicroMec brand as a filler for the biofilter of the
recirculating aquasystem for growing sturgeon (on the ex-
ample of sterlet).

Research methods are generally accepted in fisher-
ies science: hydrochemical (to establish quantitative pa-
rameters of the quality of the aquatic environment), fish-
ery (to calculate the values of the potentially possible load
of the recirculating aquasystem with biological material of
cultivation objects), and economic (to evaluate the effec-
tiveness of experimental options) [25].

For the experimental stage, 4 model closed water
supply installations were designed and installed, each of
which consisted of a fish tank (aquarium with a volume of
100 dm3) and water treatment systems. This system included:

1) mechanical filter — porous foam sponges connected
to a circulation pump. The mechanical filter was cleaned
manually, daily;

2) biological filter — plastic container with a working
volume of 2 dm?, located at the top of the aquarium and
connected to the pump. The filler is in a volume of 1 dm?3,
with a usable area of 1,600 m?/dm? (the aerobic zone avail-
able for nitrifiers is 10%). The ratio of the volume of bio-
filter filler to the volume of water in the fish tank was 1 to
100. To supply water to the biofilter, a “MinJang NS F801”
pump with a capacity of 1,200 dm%h, with an energy con-
sumption of 15 W/h was used.

Aeration of water was carried out using a compressor,
with the placement of sprayers both in the fish tank and in
the biofilter. To maintain the optimal temperature, “Resun
Sunlike 200” aquarium heaters with a power of 200 W/h
with a temperature controller were used. The water tem-
perature was maintained in the range of 24.6-25.7°C, opti-
mal for the operation of biofilters. During the experiments,
a planned water change was carried out daily.

A preparation containing a culture of nitrifying bac-
teria was used to start biofiltration processes at the work-
ing level. The establishment of biological equilibrium in the
systems occurred in the presence of objects of cultivation —
sterlet fry (Acipenser ruthenus Linnaeus) with an average
body weight of 2.5 g/unit according to the planting density
of 150 units/ m2.
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After the biological filters reached their operating
capacity and equilibrium was established in the systems,
the maximum possible amount of ammonium nitrogen
that can be oxidised during the day in a biofilter made of
1 dm3 of highly porous foam glass was checked. For this
purpose, the systems artificially increased the content of
nitrogenous compounds in water by applying a solution of
ammonium chloride NH,Cl, starting at a concentration of
2 mg/dm?3. The concentration of ammonia was increased
daily: during the first week - by 1, the second - by 2, and
the third — by 3 mg/dm?, to the maximum value above which
the biofilter no longer performed the main task — oxidation
of ammonium compounds.

Before the experiment, young sterlets were removed
from aquariums because the concentration of NH,/NH, + in
the water was specially raised above the maximum permis-
sible level for the cultivation of sturgeon fish (2 mg/dm3) [1].

The studies included regular monitoring of the main
parameters of the quality of the aquatic environment: wa-
ter temperature, hydrogen index, concentration of oxygen
dissolved in water, and content of nitrogenous compounds.
The water temperature and the concentration of oxygen
dissolved in water were measured according to the methods

o

&)

2 U1 L1 WL LI W1
ISESIEN

Concentration of NH3/NH4+ oxidised
during the day, mg/dm3
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of quality control of the aquatic environment generally
accepted in fish farming, using an AZ-86021 (DO) ther-
moximeter, the hydrogen index and the concentration of
nitrogenous compounds in the water were established using
2010-2021 TM Ptero® ready-made test systems. The duration
of the experimental stage of the study was 21 days.

Evaluation of the efficiency of using foamed glass
as a filler for the biofilter was carried out using the calcula-
tion and analytical method of fisheries science, by predic-
tive determination of the potential volume of fish products
grown in an experimental closed water supply installation
and comparison of the obtained data with similar indica-
tors for an aquasystem with a biofilter filled with classical
plastic floating loading. Generally accepted equations for
the design of recirculating aquaculture systems were used
for calculations [4].

Results and Discussion

Progress of the experiment to find the maximum permissible
concentration of ammonium compounds (based on the aver-
age data for 4 experimental closed water supply installations)
in an aquasystem with a biofilter containing 1 dm? of foamed
glass as a substrate for nitrifying bacteria is shown in Figure 1.

18.10 20.10 22.10 24.10 26.10 28.10

Date

Figure 1. Dynamics of increasing concentration of NH,/NH, ' in water during the experiment

As can be seen from the graph, the maximum con-
centration of ammonia (32 mg/dm?), in process water with
a volume of 100 dm?, which can be oxidised by a biofilter
with 1 dm? of foamed glass during the day was achieved on
the 21st day of the experiment.

At the second stage of the study, the potential vol-
ume of biological load on the experimental aquasystem
was first calculated.

The total ammonia nitrogen (TAN) ions entering
the water during fish rearing in closed water supply instal-
lations was calculated from the mass of fish feed (Mf) that
is applied during the day. The mass of TAN (MTAN) was de-
termined considering the protein content in the feed (Cp,
in tenths of a unit), as a nitrogen source, by the equation:

Mpan = Mf * Cp % 0.092 1)

Accordingly, knowing the maximum value of M,
which nitrifying bacteria can oxidise during the day in a
biofilter with 1 dm® of foamed glass as filler (32 mg/dm?
or 32 g/md), it is possible to set the amount of feed corre-
sponding to TAN value by the equation:

Mran

Mf = Cp*0.092 (2)
Aller Silver TM “Aller Aqua” product feed with a
protein content of 45%, with a pellet diameter of 3 mm,
intended for young sturgeon with an individual weight of
50-200 g, which were kept in experimental systems at the
stage of launching biofilters, was taken for the calculation.

Therefore, the value of Cp for calculation is 0.45.
As a result of the calculation, it was found that the
biofilter filled with 1 dm® of foamed glass as a substrate for
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nitrifying bacteria can provide TAN oxidation, which cor-
responds to 77.3 g of mixed feed. This amount of feed will
provide the daily nutrient requirement for 4.16 kg of sterlet
planting material, while the daily feeding rate of this fish is
1.86% of its total weight in a system with a working volume
of 100 dm®. Accordingly, a biofilter filled with foamed glass
in a volume of 10 dm?3, will provide biological purification
of 1 m® process water in which young sterlet with a total
weight of 41.6 kg can be kept.

A similar calculation was made for aquasystems that
grow commercial sturgeon fish with an individual weight of
0.5 to 2.0 kg/unit on Aller Silwer mixed feed (granule diam-
eter — 8 mm, protein content — 41%), with the recommended
daily feeding rate — 1% of fish body weight. It is established
that 10 dm?® of foamed glass in a biofilter can provide biolog-
ical purification of 1 m® of process water for the content of
84.8 kg of commercial sturgeon fish in this volume.

The value of the biological load of commercial stur-
geon fish on the aquasystem obtained in the calculations
corresponds to scientific data on the maximum permissible
biological load of the recirculating aquasystem for sturgeon
fish. Thus, according to experimental data, the biomass of
commercial sturgeon fish can be increased to 83 kg/m?>,
provided that the process water of the recirculation system
maintains a sufficient concentration of dissolved oxygen.

By increasing the size of the biofilter and, accord-
ingly, the amount of filler, in the proportion of “biofilter
volume: total water volume in the aquasystem”, it is theo-
retically possible to achieve an increase in fish productivity.
In this case, the maximum actual value of this indicator
will depend on the biological characteristics of the culti-
vated object and on the ability to meet its requirements for
living conditions.

Further calculations concerned the determination
of the volume of classical floating polymer loading for a
biofilter capable of oxidising 32 g of ammonia in 1 m3 of
process water during the day. Standard capacity of 1 m? of
the surface of such a substrate, at a water temperature in
the range of 21-24°C - 1 g of TAN per day [1]. Therefore,
the required surface area of the substrate is 32 m?. For He-
lix White 12x12 filler, with a specific substrate surface area
of 704 m%*m?3 which is popular at fish farming enterpris-
es in Ukraine, the loading volume for the biofilter will be
45.5 dm3. Wholesale price of such filler — 28,500 UAH/m53,
therefore, the cost of purchasing a floating polymer filler
for a biofilter will amount to UAH 1,296.75.

To purchase 10 dm? of highly porous foamed glass,
required for oxidation of 32 g of ammonia per day, at a
wholesale price of 246 UAH/dm?, it is necessary to spend
UAH 2,460. However, the operational period for floating
polymer loading does not exceed one year, after which a
complete replacement of the biofilter filler is required, and
the JBL Micromec foam glass is a strong inorganic material that
is practically not subject to mechanical wear. The manufac-
turer of this biofilter filler is JBL GmbH & Co. KG (Germany)
guarantees an unlimited period of use of the material.

As evidenced by practice, when using foamed glass
as filler for biofilters, there is a need for periodic, once every
two months, deep cleaning of the filler pores from outdated
biofilm with chemical reagents, in particular, sodium hypo-
chlorite [24]. For the restoration of 1 m® of filler, it is neces-
sary to spend 26.3 litres of grade “A” sodium hypochlorite
with a concentration of active chlorine of 19%, for a total
amount of UAH 733.42. Thus, the cost of cleaning 10 dm?
of filler 6 times a year will amount to UAH 44.01, which
together with the cost of filler will be UAH 2,504.01.

When comparing two types of biofilter filler with a
daily ammonia oxidation capacity of 32 g/m® according to the
indicator of purchase and operation costs (2,504.01 UAH/year —
foamed glass, 1,296.75 UAH/year - floating polymer load-
ing), it becomes obvious that the use of foamed glass will
pay off in two years. The proposed method of increasing
the efficiency of biological treatment of process water in
recirculating aquaculture systems allows not only to im-
prove the quality indicators of filtration systems, as pro-
posed in similar studies using new developments of bio-
logical fillers [15-17], but also requires a smaller 4.55 times
the volume of this filler, compared to the classic one, and,
as a result, would require a smaller size and, accordingly,
cheaper in the manufacture of biofilters, and would lead to
a decrease in the total volume of water in the system and
reduce energy costs associated with water circulation and
thermoregulation.

Moreover, the use of highly porous fillers as a filler
for biofilters does not require the installation of additional
specific equipment or the use of consumables to stimulate
nitrification processes in comparison with other studies [19;
23]. Separately, there is no need to make significant changes
to the design of the biological filter, which is currently
most often used in recirculation systems both in Ukraine
and in the world, for the use of the proposed fillers, except
for a significant reduction in the required volume.

Conclusions

Based on the findings, the following was established:

1. Maximum concentration of TAN that can be oxidised
in a 100 dm?® fish tank by a biofilter filled with 1 dm? of
foamed glass, is 32 mg/dm?3. This value corresponds to the
level of biological load of the aquasystem for young sterlet —
41.6 kg/m3 and for commercial fish — 84.8 kg/m?3, and does
not exceed the technological standards for growing sturgeon
fish in recirculating aquaculture systems.

2. The payback period for highly porous foamed glass as
a biofilter filler, compared to the classic floating polymer
loading, is two years. In addition, due to the smaller size
of the biofilter, the cost of water and energy supply to the
aquasystem will be reduced.

It is promising to continue research on highly po-
rous foamed glass as a filler for the biofilter of the recircu-
lating aquasystem in the line of increasing the efficiency
of using the useful area of the substrate of this material by
nitrifying bacteria.
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E¢ekTUBHICTH BUKOPHCTaHHS CIIIHEHOTO CKJIa
J1s1 6i0(ibTPY peUPKYIAILIHHOI CHCTEMH aKBAKYJIBTYPH

Ovutpo KpiiioBuu lllapmio, Bacuab OnekcanapoBud KoBajieHKO

HauioHanbHMit yHiBEpcuTeT 6GiopecypciB i MpUpomoKoOpuCTyBaHHS YKpainu
03041, Byin. l'epoiB O60ponu, 15, M. Knis, Vkpaina

Anotanis. CyJyacHi TeXHOJIOTii KyJbTMBYBAaHHS IiIPOOIOHTIB y peLVPKY/ISIIIIIHUX CUCTEMaX aKBaKy/IbTypy MOTPeGYIOTh
3HAYHMX 06’eMiB GiosmoriuHux QinbTpiB (61m3bko 10 % Bim 3arajbHOro 06’eéMy PUOHMIIBKOI CUCTEeMM), [0 POOUTD
aKTyaJbHMM MOIIYK HOBMX HaIlOBHIOBAUiB, SIKi MAaTUMYTb OibIIly, HiXK Y TPAAULiIHOTO MOMiMEPHOro 3aBaHTaKeHHS],
MMUTOMY TIOBEPXHIO JJIST 3ace/ieHHsT MiKpoopraHizMamu, 1110 JO3BOJIUTb 3MEHIIUTY po3Mipu 6iodinbTpy i, BiAmoBimHo,
BUTPATU BOAM Ta eJIeKTPOeHeprii Ha BMPOOGHMIITBO MPOMAYKIiI aKBaKyIbTypu. MeTOI IOCTimKeHHsS Oysa OliHKa
e(deKTUBHOCTi BUKOPUCTAHHS BMCOKOITOPUCTOTO CITIHEHOTO CKJIA B SIKOCTi HAMOBHIOBAYA )i 6iodiNbTpy, Y MOPiBHAHHI
3 TpagUIliiHMM IIJIaBalOYMM ITIOJIiIMEPHMM 3aBaHTaKeHHSIM. [[Is1 DOCSITHEHHSI MeTU BUKOPUCTAHO CUCTEMHMI ITiaXif
IO BM3HAueHOi Mpo6ieMy i 3araJbHO-HAYKOBI METOAM MAOCTIIKEHHS: eKCIIepMMEHT, MOJENIOBaHHS, TOPiBHSIHHS,
aHasi3, CMHTe3 Ta y3araJlbHeHHs. MomenbHMIT eKCIIEPUMEHT MPOBEEHO Y HaBUaIbHO-HAYKOBIii sa6oparopii LleHTpy
BOmHMX GiopecypciB Ta akBakynbTypu HVYBill Vkpaium. Ha mimcraBi pe3ynbTaTiB eKCIepUMMEHTY OyJ0 BCTAHOBJIEHO,
IO AOCTIIKYBaHUI Marepian Ma€ 3HAYHO BUINMIT 6i0OUMIYBaIbHMII MOTEHITIa, HiXK ToJiMepHe 3aBaHTAKeHHS IS
6iodinbTpiB. BusHaueHO MaKCMMaTbHY KOHIIEHTpAIlil0 amMiak-aMOHIl0 y BOMi PEelVPKY/ISAIiiHOI akKBacUCTEMU JIJIs
BUPOIIYBaHHSI OCETPOBUX PUO, SIKY ITPOTSATOM A06U OKUCTIOE 6i0diabTp i3 1 AM3 cIiHEHOTO CKJa Y SIKOCTi HATIOBHIOBAaYa
(32 mr/mm®). TIpoBeeHO PO3pPaxyHKM IIOTEHI[IfHO MOSKJIMBOTO O6iOJIOTiYHOrO HABaHTAaXKEHHS TPU KyJIbTMBYBaHHI
riZpo6iOHTIB B aKBaCUCTEMi, Ta BCTAHOBJIEHO, 110 10 AM® 3a3HAYEHOr0 HAaMOBHIOBAavYa MiATPMMYIOTh Ha ONTUMaJIbHOMY
PiBHi BMiCT a30THMX PEUOBMH MPU BMUPOIIyBaHi prbOMOCaKOBOTO MaTepiaay CTepsiii 3a MiJIbHICTIO mocagku 41,6 Kr/m3
ab6o 84,8 xr/m* ToBapHOi puby. BusHaueHo, mo HeoO6XigHMiT 06’eM 6iodinbTpa 3MeHIIYEThCS Y 4,55 pasiB, MPOIOPIiiTHO
CKOPOTSIThCS 1 BUTPATH HA BOJIO- Ta eHepro3abesrneueHHs POOOTY PeIMpPKYIISINiiHOI akBacuctemu. OTke, BUKOPUCTAHHS
CITIHEHOTO CKJIa B SIKOCTi HaIlOBHIOBava ISl 6iodisbTpiB pelupKy/ISLIiiHKX aKBACKCTEM MiABUIIUTh PEHTAGENIbHICTH
BUPOOHMIITBA PMOHOI TPOAYKIII{ Ha MiATIPUEMCTBAX aKBAKYIbTYPHU

KirouoBi cjioBa: puOHUIITBO, CTEPIISIAb, TEXHOIOTiUHA Boja, 6akTepii-HiTpudikaTopu, okucienHs TAN
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Influence of balsamic vinegar on the quality indicators
of natural semi-finished pork meat products

Oksana Shtonda’, Viktoriia Kulyk

National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony str., Kyiv, Ukraine

Abstract. Lipid oxidation leads to an unpleasant smell and taste of semi-finished meat, which becomes tougher and less
juicy due to the loss of intracellular fluid. The purpose of the study is to determine the effect of fruit and berry components
of balsamic vinegar on organoleptic, structural, and mechanical parameters and changes in the pH level of semi-finished
meat products. The paper presents the results of the influence of various types of balsamic vinegar on the quality indicators
of semi-finished meat products. 5 varieties of balsamic vinegar were used: rowan, blackberry, currant, pomegranate, and
grape. At the first stage of the study, the pH value was determined in samples of balsamic vinegar from fruit and berry raw
materials. The next stage of the study was to determine the effect of balsamic vinegar on the structural and mechanical
parameters, pH and organoleptic characteristics of meat during 7 days of storage of semi-finished pork products, which
were injected with 5 types of balsamic vinegar in the amount of 15% to the weight of meat. Meat samples were evaluated
by appearance, in-section appearance, taste, colour, consistency, and juiciness. Determination of penetration stress in the
samples was carried out by measuring the immersion depth of a standard needle in each marinated meat semi-finished
product and the control sample of pork meat. It was confirmed that the use of balsamic vinegar made from rowan, black
currant, and pomegranate significantly affects the consistency of meat, making it more tender. When interacting with the
components of raw materials, food acids affect the taste and aroma, and partially break down proteins and fats, making
meat softer and tastier. It was found that in semi-finished pork meat products under the action of balsamic vinegar as one
of the components of the marinade, the pH level decreases, which extends the shelf life and prevents the development of
bacteria. Organoleptic characteristics and taste and aroma properties of the semi-finished product were improved and the
appearance became more pleasant. The obtained results would allow extending the shelf life, enriching with biologically
active substances, and improving the consumer properties of the semi-finished product

Keywords: fruit and berry raw materials, physical and chemical parameters, organoleptic evaluation, penetration stress

Introduction Ukrainian and foreign researchers have established

According to the approved norms of physiological needs of
the population of Ukraine in basic nutrients and energy,
depending on gender, age, weight, and physical activity
coefficient, the daily requirement for protein ranges from
68 g to 117 g for men and from 58 g to 87 g for women, of
which 50% are of animal origin [1]. Therefore, it is necessary
to create products that can be quickly prepared, and which
at the same time will not lose their biological properties
and nutritional value [2].

Suggested Citation:

that the use of derivatives of substances that include natural
fruits and berries prevents lipid oxidation that leads to loss
of product quality, and organoleptic parameters are regu-
lated, such as appearance, colour, taste, smell, and consis-
tency of semi-finished meat products. The goal of improv-
ing semi-finished meat products is not only to increase
the range, but, above all, to provide the consumer with a
product filled with vitamins, biologically active substances,
antioxidants, and minerals.
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The needs of the human body for minerals for
men are: calcium and phosphorus - 1,200 mg, zinc and
iron - 15 mg, magnesium - 400 mg; for women: calcium -
110 mg, phosphorus - 1,200 mg, zinc - 12 mg, iron — 17 mg,
magnesium — 500 mg. The required amount of vitamins for
men: C - 80 mg, A — 1000 mg, E — 15 mg, B vitamins - from
1.6 mg to 3 mg; for women: C - 70 mg, A — 1,000 mg, E —
15 mg, B vitamins - from 1.3 mg to 3 mg [1]. Therefore,
the addition of balsamic vinegar to the marinade for meat
semi-finished products due to the mineral and vitamin
composition, the presence of micro and macro elements,
organic acids, and biologically active substances will not
only satisfy the needs of the human body in nutrients.

Lorenzo et al. investigated antioxidants from black
currant berries, blueberries, blackberries, cranberries, and
grapes as a substitute for food additives to inhibit the ox-
idation of lipids and proteins in meat and meat products,
since meat is very susceptible to oxidation [2]. Oxidation
can be slowed down by synthetic antioxidants with a phe-
nolic structure. Berries are a good source of phenolic com-
pounds, especially anthocyanins, which can be used as a
potential alternative to synthetic supplements. The study
suggests that extracts of blueberries, blackberries, cran-
berries, and grapes can be used as substitutes for synthetic
antioxidants in meat products. Their extracts contain poly-
phenols, antioxidants that have a positive effect on the
stabilisation of meat products [2].

Ali Samet Babaoglu et al. evaluated the physico-
chemical and microbiological properties and sensory pa-
rameters of beef patties with an aqueous extract of rowan,
blackberries, red currants, and blueberries when stored in
the refrigerator for 9 days. Treatment with berry pomace
extract significantly reduced the amount of lipid oxidation
by-products in the samples. The results show that water
extract of chokeberry pomace can be a promising natural
preservative among extracts of pomace of various berries to
improve oxidative stability and improve the microbiological
quality of beef patties when stored in the refrigerator [3].

The purpose of the study is to determine changes in
organoleptic characteristics, pH level, structural and me-
chanical parameters, namely penetration stress of meat
semi-finished products, to solve the problems of lipid oxi-
dation, which will increase shelf life and improve consumer
characteristics of semi-finished products.

Literature Review

Rowan berries contain sugar (up to 5%), malic, lemon,
wine, and succinic acids (2.5%), tannins (0.5%) and pectin
(0.5%) substances, sorbitol and sorbose, amino acids, es-
sential oils, potassium, calcium, magnesium, and sodium.
The presence of vitamin P (more than 2,500 mg%) provides
rowan with the first place among other fruit plants. Row-
an berries are also rich in vitamin C (up to 160 mg%) and
beta-carotene (up to 5.6 mg%). The preparation of rowan
berries reduces the content of fat in the liver and choles-
terol in the blood, and powder from rowan berries increases
the resistance of blood vessels. In scientific medicine, rowan
berries are used as a multivitamin, diuretic, and haemostatic
agent [4].

Blackberries are a real storehouse of microelements
that are useful for the body. Berries contain glucose, su-
crose, and fructose (5.1-13%), organic acids: malic, citric,
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salicylic, tartaric, etc. (0.5-1.5%), pectin (1.8%), fibre (2-4%),
vitamins P, B, E, C, carotene, potassium, salt, manganese,
copper, potassium, sodium, calcium, magnesium, phosphorus,
iron, etc. [5].

Black currant berries contain various sugars; citric,
malic, and succinic acids; pectin, nitrogen, tannins, dyes,
and polyphenolic compounds. In terms of vitamin C con-
tent, black currant occupies one of the leading positions
(about 400 mg%), its content practically does not decrease
with proper fruit processing. In addition, berries contain
vitamins A and P. Black currant berries are an excellent
source of vitamin C, used to produce a variety of concen-
trates and vitamin C preparations. Currant fruits have a
special spicy aroma and sweet and sour taste. The main ad-
vantage of fruits is that they are low in enzymes that break
down ascorbic acid, so they are a valuable source of vitamins.
Ascorbic acid is also stored in frozen berries [6].

Pomegranate has a rich chemical composition, con-
tains manganese, phosphorus, magnesium, potassium,
iron, zinc, aluminium, silicon, chromium, nickel, calcium,
copper, iodine and other minerals, acids including citric
acid, tartaric acid, oxalic acid, and malic acid, vitamins — C,
E, B1, B2, B6, B12, P, niacin, folic acid, carbohydrates, pro-
tein, fibre, ash, catechins, tannins and colouring agents,
flavonoids, amino acids, alkaloids, and oils. Pomegranate
has antioxidant, antiseptic, anti-inflammatory, vulnerary,
haemostatic, astringent, antihelmintic, and nutritional
properties [7].

Pomegranate peel contains the following macro-
and microelements: potassium - 18.9 mg/g, calcium -
4.0 mg/g, magnesium — 0.5 mg/g, iron — 0.05 mg/g, man-
ganese — 5.2 mcg/g, copper — 2.5 mcg/g, zinc — 3.8 mcg/g.
Pomegranate peel is rich in tannins, anthocyanins, amino
acids, vitamins and minerals, which, when used correctly,
have a positive effect on the gastrointestinal tract. These
substances can treat diseases such as dysentery, diarrhoea,
abdominal pain, and increased acidity [8].

Grapes are a highly valuable food product due to
the presence of a number of biologically active substances
in it, among which vitamins occupy a special place. Their
absence in humans causes various pathologies — obesity,
cardiovascular, oncogenic, and respiratory diseases. One of
the most important and most studied in grape berries is
vitamin C (ascorbic acid) [9].

In the study by José M.Lorenzo et al., four natural
grape extracts (GRA) with potential antioxidant activity in
pork patties were evaluated. During 20 days of storage in
packages with a modified atmosphere at 2°C, the pH, co-
lour, lipid oxidation, and microbial spoilage parameters of
raw pork patties were studied and compared with a syn-
thetic antioxidant and a control batch. Due to their high
polyphenol content, grape extracts were the most effective
antioxidants that prevent lipid oxidation and reduce colour
degradation. In addition, natural grape extracts resulted in
a decrease in the total number of viable cells and lactic acid
bacteria, compared to the control [10].

Cranberries — the main active substance of this
berry — organic acid, in addition to this acid, it contains
quinic, citric, malic, benzoic ascorbic acid; macro- and mi-
croelements: Mo, Fe, Mn, I, Cu; flavonoids: anthocyanins,
hesperidin, rutin, quercetin; sucrose (0.27-2.8%), sorbitol
(2.1-2.3%), fructose (1-9.9%), tannins (0.1-4.9%), pectin
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substances, riboflavin, carotene; catechins. Seeds contain
fatty oils (16-28.12%), their hydrolysates contain acids:
linoleic acid (36%), oleic acid (21%), palmitic acid (5%),
stearic acid (1.5%) [6].

The healing properties of viburnum are conditioned
by the high content of useful elements, including bioactive
substances (tannins, phytoncides, essential compounds,
glycosides, anthocyanins, coumarins), sugars, trace ele-
ments (magnesium, potassium, zinc, calcium, etc.); organic
acids, vitamins (A, C, E, K, P). Tannins contained in the pulp
and seeds give the pods astringency. The bitter taste of the
fruit is given by the glycoside biburnin, in addition, it im-
proves blood clotting, so viburnum is a remedy for bleed-
ing, and also reduces the risk of diabetes and prevents cir-
culatory diseases. About 30% sugar, but tasteless. Berries
have a characteristic sourness due to the content of organic
acid (2%). Viburnum berries have the following effect on
the human body: they increase the body’s defences, promote
faster recovery from seasonal colds, relieve swelling, and
increase vitality [11].

In berries made from organic acids, succinic, malic,
citric, and acetic are most often found. Peshuk & Ishchenko
studied the effect of a solution of lactic and orthophos-
phoric acids in the marinade on the meat properties. The
results of studies have shown that when marinating for
up to 48 hours, the process of extracting macro and mi-
croelements from meat raw materials into the marinade
occurs [12]. G.P. Khomych, Yu.G. Nakonechna, L.B. Oliinyk
investigated the effect of Chaenomeles juice on the quality
of marinated semi-finished products [13]. But the research
data needs to be clarified.

Ascorbic acid (AC) is a multifunctional compound that
participates in many biochemical processes (synthesis of
collagen, catecholamine, bile acids), affects cholesterol me-
tabolism, increases the body’s resistance to colds, and has an-
tioxidant properties. Vitamin C is not synthesised in the hu-
man body, so it is necessary to constantly get it with food [9].

Ascorbic acid is involved in various biochemical
processes in the human body:. It is part of the redox system
necessary for protein synthesis. This vitamin is involved in
the synthesis of collagen, an important component of liga-
ments that provide mechanical connections to various or-
gans of the tooth, cartilage, bone, and dentin. Ascorbic acid

is essential for the proper functioning of nervous tissue, it
promotes the absorption of iron in the digestive tract and
the subsequent synthesis of haemoglobin, and also supports
the active form of vitamin B, in the cells of the body necessary
for the synthesis of proteins and nucleic acids [14].

Ukrainian researchers V.M. Pasichnyi, & T.R. Mykhavko
have proved that the use of an additive based on citrus and
pepper extract has the following properties: preservation of
the natural red-pink colour of meat products; preservation of
organoleptic properties and extend the shelf life; elimination
of rancidity; improvement of the product quality; increase
in the safety of the product, especially against the following
pathogens: Listeria, Listeria monocytogenes bacteria, Escherichia
coli H157, and Clostridium [15].

Materials and Methods

The study was conducted in the laboratory of the Depart-
ment of Meat, Fish, and Marine Products of the National
University of Life and Environmental Sciences of Ukraine
in November 2021. Pork meat of grades 1 and 2, and bal-
samic vinegar made from rowan, blackberries, grapes,
pomegranate, and black currant were investigated Vinegar
was added to the samples by injection in an amount of
15% to the portion weight of meat not less than 90 g and
not more than 150 g. 6 samples were examined: 5 samples
with the addition of balsamic vinegar and 1 control sample
without the addition of balsamic vinegar.

To obtain reliable experimental data, all studies
were performed at least five times, two repetitions for each
experiment. Sampling for sensory and physicochemical
parameters and preparation for analysis were carried out
in accordance with DSTU 4823.2:2007 [4]. Determination
of the main organoleptic properties of natural marinated
meat semi-finished products was carried out appearance,
in-section appearance, colour, aroma, taste, consistency,
and juiciness according to DSTU 4823.2: 2007 Meat prod-
ucts. Organoleptic evaluation of quality indicators. Part 2.
General requirements [4].

Organoleptic evaluation was carried out according
to the developed five-point scale (Table 1), considering
DSTU 2925-94 Product quality. Quality assessment. Terms
and definitions [16], where 1 — very bad, 2 - bad, 3 - satis-
factory, 4 — good, and 5 — excellent.

Table 1. Scale of organoleptic evaluation of semi-finished products

Indicator Characteristics Points
The surface is dry, sticky, with obvious signs of spoilage 1
Appearance, The surface is dry, sticky, and unpleasant 2
surface The surface is moist, sticky 3
colour The surface is moist, slightly sticky 4
The surface is moist, without stickiness, pleasant colour 5
Dry, do not leave stains on filter paper, with signs of spoilage 1
Muscles Dry, leave no stains on filter paper 2
in-section Barely moist, leave no stains on filter paper 3
appearance Moist, leave a barely noticeable stain on filter paper 4
Moist, leave a noticeable stain on filter paper 5

Animal Science and Food Technology. 2022. Vol. 13, No. 3
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Table 1, Continued

Indicator Characteristics Points
In-section, the meat is flabby, the hole formed when pressed with a finger not evens out 1
In-section, the meat is flabby, the hole formed when pressed with a finger evens out slowly 2
In-section, the meat is less dense, not elastic, the hole formed when pressed with a finger evens 3
. out slowly
Consistency
In-section, the meat is less dense and less elastic, the hole formed when pressed with a finger 4
evens out slowly
In-section, the meat is dense, elastic, the hole formed when pressed with a finger evens out 5
quickly
Sharp, sour, musty, smell of spoiled meat, repulsive 1
Unpleasant, slightly sour 2
Smell Neutral, characteristic of this type of meat 3
Pleasant, too pronounced fruit and berry aroma 4
Pleasant, with a light fruit and berry aroma 5

Physical and chemical parameters were determined
by commonly known methods: the pH of meat was deter-
mined by measuring the electrical potential difference be-
tween a glass electrode and a comparison electrode placed
in a sample of meat or meat products according to DSTU
ISO 2917-2001 [17]. Determination of penetration stress in
samples consists in measuring the depth of penetration of
a standard needle in the test sample. Determination of the
needle penetration depth to approximately 330x0.1 mm is
performed at a test temperature of 25°C, an applied load of
100 g for 5 seconds on an Ulab 3-31 M penetrometer accord-
ing to DSTU EN 1426:201X [18].

At the first stage of research, the task was to de-
termine the pH value of a sample of balsamic vinegar of
Ukrainian production from fruit and berry raw materials.
The pH-150 MI measuring device was used, designed to
measure the activity of hydrogen ions, redox potential, and
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temperature of aqueous solutions, and directly measure
meat and meat products. The second stage of research was
to determine the effect of balsamic vinegar on the quality
indicators of natural semi-finished products. Organoleptic
evaluation of the samples was performed on Day 1 and Day
7 of storage. 5 varieties of balsamic vinegar were used: No.
1 - rowan vinegar, No. 2 — blackberry vinegar, No. 3 — currant
vinegar, No. 4 — Narsarab (pomegranate) vinegar, No. 5 —
grape vinegar, sample No. 6 (control) — pork meat without
balsamic vinegar. Each test sample was treated with balsamic
vinegar in an amount of 15% by weight of meat. The results
were processed using Microsoft Excel.

Results and Discussion

Samples of balsamic vinegar were examined: rowan — No. 1,
blackberry — No. 2, black currant — No. 3, pomegranate — No. 4,
grape — No. 5 (Fig. 1).

No. 3 No. 4 No. 5

Figure 1. Changes in the pH of balsamic vinegar from fruit and berry raw materials

The pH values of the samples under study were in
the range of 3.22-3.3. Such results are associated with the
presence of organic acids in the composition of balsamic
vinegar. Comparing the obtained indicators with the pH
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of table vinegar (9%), the latter has a pH value of 2 [19].
The results of the study of the effect of the corresponding
samples of balsamic vinegar on the organoleptic evalua-
tion of semi-finished meat products are shown in Table 2.
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Table 2. Organoleptic evaluation of injected semi-finished pork products on Day 7 of storage

Indicator

Appearance, surface

Muscle in-section

Sample Consistency Smell
colour appearance
The skin is moist, Wet, leave a barely At the cross-section, the mea.t pulp is Characterlstlc of
. L - . less dense and has poor elasticity, the this type of meat
No. 1 without stickiness, red | noticeable stain on the . . .
- . hole slowly evens out after pressing with a light aroma
in colour filter paper, red in colour . .
with a finger (up to 1 min) of rowan
The skin is moist, Wet, leave a barely At the cross-section, the meat pulp is - -
. A - . - L Typical of this
without stickiness, noticeable stain on the less dense and has a flexible elasticity, .
No. 2 A . . . type of meat with
pink in colour with a filter paper, dark red in | the hole slowly evens out after pressing
. . . blackberry aroma
purple tinge colour with a finger (up to 1 min)
- . Wet, leave a barely At the cross-section, the meat pulp is Characteristic of
The skin is moist, . . . L .
. L noticeable stain on the | less dense and has a flexible elasticity, | this type of meat
No. 3 without stickiness, . . . X
. filter paper, dark red in | the hole slowly evens out after pressing | with a light aroma
dark red in colour . .
colour with a finger (up to 1 min) of black currant
. . Characteristic of
The skin is moist, Wet, leave a barely At the cross-section, the. meat pu'l p1s this type of meat
. L - . less dense and has a flexible elasticity, . .
No.4 | without stickiness,red | noticeable stain on the . with a pleasant hint
. . the hole slowly evens out after pressing
in colour filter paper, red in colour . . of pomegranate
with a finger (up to 1 min)
aroma
. . Wet, leave a barely At the cross-section, the meat pulp is Characteristic of
The skin is moist, . . . .
. . noticeable spot on the less dense and has a flexible elasticity, this type of meat
No. 5 without stickiness, . . .
. filter paper, dark red with | the hole slowly evens out after pressing | with a pronounced
purple in colour . . .
a purple tinge with a finger (up to 1 min) aroma of grapes
The skin is sometimes Wet, leave a barely At the cross-section, the meat pulp is
No. 6 moist, slightly sticky, noticeable spot on the less dense and has a flexible elasticity, | Slightly sour with a

darkened, greyish-pink
in colour

filter paper, dark red with
a purple tinge

the hole slowly evens out after pressing
with a finger (up to 2 minutes)

hint of mustiness

On Day 1, the condition of all the studied samples cor-
responded to the indicators of fresh meat, pale pink colour,
the muscles on the incision are slightly moist, the colour is

Appearance, surface colour

Muscle in-section appearance

Consistency

Smell

characteristic of pork meat, the consistency is dense and elas-
tic, the smell is specific, inherent in this species. Organoleptic
evaluation was performed on a five-point scale (Fig. 2).

No. 1

No. 4

Figure 2. Organoleptic evaluation of semi-finished pork products treated with balsamic vinegar on Day 7 of storage

As a result of the organoleptic evaluation (Fig. 2) of
marinated semi-finished pork products, it was found that
on Day 7 of storage, samples injected with balsamic vine-
gar had moist skin, without stickiness, samples No. 1, No. 4
had a red surface colour, sample No. 2 had a pink colour
with a purple tint, sample No. 3 had a dark red surface co-
lour, and sample No. 5 had a purple colour. The skin of the

control sample is sometimes moist, sticky, darkened, and

greyish-pink in colour.

The muscles in-section of the test samples were
moist, red to dark red in colour, leaving a barely notice-
able spot on the filter paper. The consistency became less
dense and less elastic, the hole from pressing with a finger
evens out more slowly. The smell of samples injected with
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balsamic vinegar is pleasant, characteristic of each type of
vinegar, the control sample had a slightly sour smell with
a hint of mustiness. As a result of the organoleptic evalu-
ation of marinated semi-finished pork products, the best
indicators were observed in samples No. 1, No. 3, and No. 4
treated with balsamic vinegar from rowan, currant, and
pomegranate, respectively.

Changes in the pH values of marinated pork meat were

6.8
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pH value
()Y

mDay1

studied over 7 days. Resistance of meat to spoilage during
storage depending on pH, most bacteria will not develop in
an acidic nutrient medium. Below pH 6.2, the development
of bacteria slows down, and sufficiently mature meat with
low pH is not as sensitive as meat with high pH to the effect
of bacterial decomposition. Thus, according to the pH indi-
cator, a conclusion can be drawn about the storage condi-
tions of meat and semi-finished products from it (Fig. 3).
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Figure 3. Changes in the pH of injected pork meat during storage

In the control meat sample, the pH value was 6.17,
while in the test samples, the PH on Day 3 ranged from
5.63 to 5.94, on Day 7 — from 5.59 to 5.74, which indicates
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inhibition of bacterial development in samples using balsamic
vinegar. Penetration stress studies were performed (Fig. 4)
on Day 1 and Day 7 of sample storage.
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Figure 4. Change in penetration stress of injected pork meat depending on the storage time

It was found that samples injected with balsamic
vinegar No. 1 - from rowan, No. 3 — from black currant,
No. 4 - from pomegranate, had the softest consistency,
samples No. 2 — from blackberries, No. 5 - from grapes
had no significant effect, while the control sample became
much tougher.

Previous studies have established that the addition
of fruit and berry products has a positive effect on the sta-
bility of semi-finished meat products due to the presence
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of polyphenols and antioxidants. It is also proved that
fruit and berry components act as natural preservatives,
increasing the oxidative resistance of lipids and improv-
ing microbial quality during cold storage of semi-finished
products. They prevent colour deterioration and reduce the
total number of viable cells and lactic acid bacteria. Natural
components contribute to the preservation of the natural
reddish-pink colour of meat products, their organoleptic
properties, and extend the shelf life, eliminate rancidity,
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which improves the quality and safety of the product, es-
pecially against pathogenic microorganisms. Thus, studies
confirm a positive effect on the quality characteristics of
semi-finished meat products [2; 6].

Conclusions

Studies have shown that balsamic vinegar has a downward
effect on the pH of meat, which prevents the growth of bac-
teria and spoilage of meat during long-term storage. The
use of balsamic vinegar gives a pleasant aroma, helps to
soften the consistency of meat, which has a positive effect
on organoleptic parameters, taste and aroma properties. As
a result of the study, it was found that semi-finished meat
products treated with balsamic vinegar from pomegranate,
currant and rowan have the best organoleptic characteris-
tics. Due to injection with balsamic vinegar, the semi-fin-
ished product is enriched with micro-and macronutrients,
vitamins, and biologically active substances that are part of
the fruit and berry raw materials from which balsamic vin-
egar is made, and which are also necessary for the normal
functioning of the human body. The results obtained show

the feasibility of using balsamic vinegar in the production
of semi-finished products.

The possibility of using vinegar in berry and fruit raw
materials in meat production is not fully investigated. This area
requires the development of methods for these ingredients, the
study of their functional properties and mechanisms of inter-
action with the meat system, and the formulation of recipes for
meat products containing ingredients of plant origin, the de-
velopment of technology and methods for their introduction.

For the production of semi-finished meat products,
structural and mechanical properties and pH values are
important indicators of raw materials, they directly affect
the organoleptic characteristics of the semi-finished prod-
uct and the finished product. By adjusting these indicators,
adding balsamic vinegar to the base of the marinade at the
initial stage, it is possible to significantly improve the ini-
tial characteristics of raw materials.

Further study is aimed at a more detailed investiga-
tion of changes in the indicators of natural semi-finished
meat products subjected to marinating with the use of bal-
samic vinegar.
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BriuB 6a/1p3aMiqHOTO OLITY HA NOKA3HUKHU SAKOCTi
M’SICHUX HaTypaJbHUX HaniB(adpukariB i3 CBHHHHHU

Oxkcana AHarodmiiBHa llITonaa, Bikropisa KocrauTuHiBHa Kynuk

HarmioHanbHMit yHiBEpcuTeT 6iopecypciB i MpUpomoKOpUCTyBaHHS YKpaiHu
03041, Byn. l'epoiB O6oponu, 15, m. Knis, Vkpaina

Auoranig. OKMCIeHHS JiMifiB MpMU3BOAUTb 10 HEMPUEMHOTO 3araxy Ta CMaKy M’SICHOTO HamiBdbabpuKaTy, SKuii cTae
SKOPCTKIIIMM Ta MEHII COKOBUTUM Y 3B’SI3KYy i3 BTPATOI0 BHYTPIUIHbOKIITMHHOI pimyuu. [ocmimkeHHS Mae Ha MeTi
BU3HAUEHHS BIUIMBY (QPYKTOBO-STIJHMUX CKIANOBUX 06AJb3aMiYHOTO OITY Ha OPTaHOJENTUYHi, CTPYKTYPHO-MeXaHiuHi
TOKa3HMKM Ta 3MiHM piBHS pH M’sicHoro HamiBdabpmkaTy. Y CTaTTi NMpeACTaBAeHO Pe3yJbTaTH BIUIMBY Pi3HUX BUIIB
6a/1b3aMiYHOTO OITY Ha IMOKa3HMKY SIKOCTi M’SICHUX HariB(abpukatis. BUKOpUCTOBYBaIM 5 pPi3HOBUZIB 6a/Ib3aMiuyHOTO
OLITY: TOPOGVHOBUIA, OXKMHOBUIT, CMOPOAVHOBUIA, TPAHATOBUI Ta BUHOTpagHMiL. Ha mepiiomy etari Joc/TiiskeHb BUSHAYATN
BeuuKuHy pH y 3paskax 6asb3aMiuHOrO OITY 3 GPYKTOBO-ATiAHOI cMpoBUHM. [ToJaNbIIMM €TATIOM JOCTiIKEeHHS 6y/10
BM3HAUEHHS BIUIMBY 6aJIb3aMiYHOTO OIITY Ha CTPYKTYPHO-MeXaHiuHi MOKasHMUKY, pH Ta OpraHo/enTUYHi XapaKTepUCTUKA
M’sica mig vac 7 OHiB 36epiraHHs HamiBpabpuKaTiB i3 M’sica CBMHMHM, SIKi iH’ €KTyBaM 5 BuUAaMy 6ajb3aMiuHOTO OLTY
y KifbkoCTi 15 % mo Macu m’sica. 3pa3Ky M’sIca OLIiHIOBa/IM 3a 30BHIIIHIM BUIVISIOOM, BUIJISIAOM Ha po3pisi, apoMaTom,
KOJIbOPOM, KOHCMUCTEHI[I€I0 Ta COKOBUTICTIO. BM3HaUeHHSI MeHeTpaliifHoi HampyrM B 3pa3kax IMPOBOLMIM MeTOLOM
BUMIipIOBaHHI IJIMOMHM 3aHYpPEHHS CTaHAApTHOI TONKM B KOXXHOMY [OOCTiIKYBAaHOMY M’SICHOMY MapMHOBAHOTO
HamiBpabpuKaTy Ta KOHTPOJbHOMY 3pa3Ky 3 M’sica CBMHUHMU. [TigTBepIskeHO, 110 BUKOPUCTAHHS 6aIb3aMiqHOTO OLITY
3 TOpOGMHM, YOPHOI CMOPOAMHY Ta rPaHATy 3HAYHO BIUIMBAIOTh Ha KOHCUCTEHIII0 M’saca, pobisun ii GibIl HiXKHOIO.
XapuoBi KUCIOTH, IIPU B3aEMOZii 3 KOMIIOHEHTAMU CUPOBVMHM, BIVIMBAIOTh HA CMaK i apoMart, 4aCTKOBO PO3IIEIUIIOITh
6i1KM i XKMpH, IO POOUTH Fioro GinblI M’SIKMM i cMayHMM. BcTaHoB/IeHO, 0 y M’sicHi HamiBdabpukat 3i CBUMHUHU
iz gielo 6ajb3aMivyHOTO OLTY SIK OLHOTO 3 KOMIIOHEHTiB MapuHaly, 3HMKYEThCS piBeHb pH, 110 MOROBKYE TepMiHU
36epiraHHs Ta 3amo6irae po3BUTKY GakTepiii. OpraHONENTUYHI XapaKTePUCTUKM Ta CMaKO-apOMAaTMUHi BIaCTMBOCTI
HaniBGabpuKaTy MOKPAIYIOThCS, 30BHIlIHi BUIMISA cTae NMpuBabauBimmm. OTpuMaHi pe3yabTaTu MOCTiIKEHb
JIO3BOJISITh MTPOIOBXKUTY TepMiHM 36epiraHHs, 36araTUTy 6i0J0riYHO-aKTUBHUMM PEUOBMHAMM Ta TOKPAIIUTYU CIIOKUBYI
BJIACTMBOCTi HamiBdabpukraty

KirouoBi c/1oBa: GpyKTOBO-ATiMHA CUPOBMHA, (hi3MKO-XiMiUHI TIOKa3HUKM, OPTraHOENTUYHA OLiHKa, TIeHeTpalliifHa Hampyra
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