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Modem feed additives based on natural plant components are increasingly used as an altemative to synthetic antibiotics in animal nu-
trition. Phytobiotics are natural plant components that are increasingly gaining demand for use in ready-to-eat animal feed and provide
proper health and microflora of the body. A scientific and economic experiment was conducted in order to determine their effect on the
productivity of young pigs. We composed three groups of analogues each comprising 12 individuals, which were formed in a 15-day
equalization period. According to the results of the study on the use of a new feed factor protein-vitamin-mineral supplement Efiprot in the
diets of young pigs, a positive effect was observed on increase in the average daily weight gain by 4.1% and 7.1% compared with the
control group. There was also seen a better absorption of nutrients in the diet compared with the control indicator. During inclusions of
essential oil in the diet of the pigs, we observed an increase in the digestibility of nutrients: in particular, the level of digestibility of dry and
organic matter increased in the second and third experimental groups, as well as digestible protein and digestibility of crude fat was better
in the first experimental group than in the control group. During the study, there was a tendency towards better breakdown of sparingly
soluble carbohydrates under the action of feed additives compared with the control indicator. Thus, the use of protein-vitamin-mineral
supplement during the rearing of young pigs not only increased the efficiency of their rearing, but also led to better digestion and mainten-

ance of the microflora of the gastrointestinal tract.
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Introduction

Livestock in general and pig breeding in particular are operated suc-
cessfully when a number of factors are in balance: growing, keeping, bree-
ding, feeding, accounting, operational and managerial accounting and a
number of decisions aimed at converting companies with extensive pro-
duction to intensive production (Tymchenko et al., 2009). This requires a
manifestation of the genetic potential of pig productivity, and this is possi-
ble only by ensuring biologically substantial feeding of animals (Babkov,
2016), balanced by all indicators of feed nutrition (Ibatullin et al., 2007;
Ibatullin et al., 2015), energy, protein, fat, hygienic conditions appropriate
to the physiological state of each production age group, and able to ensure
maximum productivity and significantly reduce the cost of production of
final products (Begma & Mikityuk, 2011). Therefore, in order to satisfy
the natural needs of the animal’s body for nutrients and ensure high pro-
ductivity, farms are increasingly applying substantial feeds (Svezhentsov
etal., 2008). This type of feed contains a set of essential nutrients, minerals
and biologically active substances that have a positive effect on animal
productivity, equaling 20-25% on average, and at the same time reduces
feed costs per unit of output (Velichko et al., 2004). Along with balanced
feeding, it is also necessary to ensure the normal functioning of the ga-
strointestinal tract so that food is absorbed by the body (Kuzmenko et al.,
2009). Therefore, to achieve this goal, the feed needs to be broken down
under the influence of gastrointestinal juices to the state in which it would
be absorbed by the wall of the gastrointestinal tract (Bilyavtseva, 2016).
In pig breeding, feed enzymes, probiotics, prebiotics, acidifiers, phytase —
containing preparations and others are increasingly used to improve diges-
tion and assimilation of feeds (as an alternative to antibiotics). They have a
positive effect on the digestive system and inhibit the development of
pathogenic bacteria and fungi (Kuzmenko et al., 2011; Kucheryavy et al,,
2013). Some of the new components are phytogenic feed additives, which
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are increasingly used in diets to increase the efficiency of animal husban-
dry (Steiner & Lokhov., 2011). Phytobiotic feed additives can control the
intestinal microflora indirectly, supporting the internal defense mecha-
nisms of the animal’s body (Wei et al., 2020). Phytogenic supplements in-
clude herbal products that contain fructooligosaccharides, plant extracts
and essential oils. They are extracted from herbs or spices with aromatic
and functional properties that are beneficial to the animal (Windisch et al.,
2008). The use of phytobiotic feed additives in the diet of farm animals
and poultry is rationally substantiated and contributes to the refusal to use
antibiotics in feed (Vuhliar, 2020). The objective of the study is to study
the productivity, digestibility of nutrients in the diet, blood parameters of
young pigs raised for meat when feeding a new PVMS (protein-vitamin
mineral supplement) with essential oils.

Materials and methods

All the experiments were performed in compliance with the require-
ments of the European Convention for the Protection of Vertebrate Ani-
mals Used for Scientific Experiments or Other Scientific Purposes of
1986, as well as the Law of Ukraine “On Protection of Animals from
Cruelty” as 0f 21.02.2006 No. 3447-1V.

The scientific and economic experiment was conducted at the basis of
the Kordelivske State Enterprise of Kalynivka district of Vinnytsia Oblast.
According to the method of the study, we composed three analogue pairs
of young pigs of Large White breed, 12 individuals in each group.
The piglets were selected at the age of 28 days, the average live weight at
the beginning of the equalization period equaled 9.03, 9.05 and 9.04 kg.
After the 15-day equalization period for animals, appropriate study sche-
mes were developed, and the growth intensity of the piglets that received
different doses for the respective feeding phases was monitored. In the
main period of the study, the animals were fed PVMS: starter, grower and

Regul. Mech. Biosyst., 2021, 12(1)



finisher given in different doses. The control group consumed PVMS
without the addition of essential oils. The second and third groups were
fed with Efiprot PVMS with different doses (Table 1).

Table 1
The scheme of the experiment
Gro Equaling Main
ups 8-15kg 15-35kg 35-65kg 65-110kg
Con MD with without without without
trol PVMS essential oils essential oils essential oils
MD with Efiprot—starter, Efiprot— grower, Efiprot— finisher,
1 PYMS 400 g/T of 200 g/T of 150 g/T of
essential oils essential oils essential oils
MD with Efiprot—starter, Efiprot— grower, Efiprot— finisher,
I PYMS 600 g/T of 400 g/T of 200 g/T of
essential oils essential oils essential oils

Note: MD — the main diet, PVMS — protein-vitamin-mineral supplement.

The main diet consisted of a grain mixture of feed: barley and wheat,
with different ratios for individual phases of feeding. The lack of certain
nutrients in the diet was compensated by PVMS Efiprot, which contains
thirty indicators, including 10 of mineral nature, 7 — proteins and 13 vita-
mins. Furthermore, the supplement contains antioxidants, flavorings, aci-
dulent, multienzyme, probiotic and essential oils. Feeds were used in dry
form, given twice a day. Watering was automated. The young pigs of the
experimental group were kept in a typical pigsty in groups of 12 individu-
als. To determine the fattening qualities in young pigs, we used the follo-
wing parameters: average daily weight gain, age of reaching the live
weight of 100 kg, and feed expenditure per 1 kg of growth.

Statistical processing of the obtained results was performed using the
ANOVA program, the data in the tables are presented in the form of x +
SD (mean + standard deviation). The difference was considered signifi-
cant at P <0.05 (taking into account the Bonferroni correction).

Results

When studying the effect of the new feed additive Efiprot with the
content of essential oils of 150 and 200 g per 1 ton of feed, there was a
positive product effect, an increase in live weight (Table 2). Therefore,
introduction of the tested PVMS Efiprot to the diet of the second group in
the main period with the concentration of 400, 200, 150 caused increase in
the average daily by 33 g or 4.1% ( P < 0.05) and an absolute increase of
4.06 g or 4.04% (P <0.05).

Table 2

The effect of essential oils in the doses of 400, 200, 150 g/T
and 600, 400, 200 g/T of feed on productivity of young pigs
for the main period of the experiment, being 127 days,

from 15 to 110 kg of live weight (x + SD, n=12)

Indicator Control I Il
Weight of one animal atthebeginning 1560, 51 15904013 1585+0.16
of the period, kg
Weight of one animal at the end « -
ofthe period, kg 1123+14 1163+1.1*% 1195+16
Weight gain in live weight: absolute, g 964+15 1004+1.1* 103.6+1.5%*
Average daily, g 758+11 T91+9*  8l6+12%*
Feed expenditures per kg of gain, EFU 405 3.89 3.77

Note: ¥ —P <0.05, ** — P <0.01, *** — P <0.001 differences between the experi-
mental and the control group; EFU — energy feed units.

Therefore, by the end of the period, the live weight increased by
4.05 kg or 3.48% (P < 0.05), while feed expenditures decreased by 3.95%.
Feeding the third experimental group of young pigs with PVMS Efiprot
with 600, 400, 200 g/T of essential oils, the tendency to increase as the
daily average by 58 g (7.1%) (P < 0.01) and absolute weight gains of
7.23kg (6.97%, P < 0.01). Live weight during this period increased by
7.18 kg (P < 0.01), and feed consumption decreased by 6.92%. When
using the new Efiprot PVMS, which contains plant processing products
(essential oils), in feeding young pigs a positive productive effect was
observed, and therefore the slaughter parameters increased (Table 2).
Therefore, the slaughter weight, compared with the control, was higher in

the second and third groups by 4.82 and 8.37 kg, respectively. Slaughter
yield increased by 3.47% and 4.37%, respectively. Feeding PVMS also
led to better parameters of carcass weight. In particular, there was 7.3 kg
increase in the third group, and 4.3% in the second. These carcass yield
exceeded the control by 3.19% in the second and by 3.99% in the third
groups. These masses of offal did not have a significant difference bet-
ween the groups and were at almost the same level. However, there was a
tendency to some increase in their consumption when receiving the PVMS.

Table 3
The effect of essential oils in the doses 0f 400, 200, 150 g/T
and 600, 400, 200 g/T of feed on slaughter weights of pigs (x = SD, n=3)

Indicator Control 1 11
Preslaughter live weight, kg~ 11331+2.13  11432+147  11729+1.51
Slaughter weight, kg 90.68+1.81 9550+1.94 99.05 +1.69%*
Slaughter yield, % 80.03+245 83.53+0.62 84.41+043
Carcass weight, kg 7430+1.55 78.61+2.05 81.63+1.57*
Carcass yield, % 6557+082 68.76+1.08 69.56+1.57
Head weight, kg 6.73£022 6.834+021 7.13+£0.73
Skin weight, kg 6.82+0.24 7.01+0.14 7.06+0.54
Front leg, kg 0.80+0.28 0.83£0.07 0.83£0.07
Hind leg, kg 093+0.11 096+0.13 1.03+£0.08
Intemnal fat, kg: 1.14£0.12 122+028 140+026
On the neck, kg 2.16+0.89 2.66+0.54 233+040
On the withers, kg 3.17+0.54 3.50+0.35 2.66+0.54
On the waist, kg 2.16+0.89 2.05+035 2.83+0.54
On the crosses, kg 1.53+0.26 1.83+0.28 248+0.86
Average, kg 224+035 249+046 2.58+049

Note: see Table 2.

Thickness of subcutaneous fatback of the experimental groups in dif-
ferent anatomical parts of the carcasses of slaughtered pigs was slightly
higher than the average values of the control by 10.04-13.17% in the
second and third groups. Therefore, feeding PVMS Efiprot led to a ten-
dency to increase in its thickness in the second and third groups on the
necks 18.79-7.29%, buttocks 18.03-40.00%, compared with the control.
Parameters were higher by 9.43% for the withers in the second and by
23.67% for the waist in the third group. Analyzing the data, it is possible to
draw the conclusion that the quality of the carcasses to some extent de-
pends on the degree subcutaneous fat deposits, i.e. with increase in the
weight of the carcass, the index of the average thickness of the fatback
increases by 10.04-13.18%.

Table 4

The effect of essential oils in the doses 0f 400, 200, 150 g/T
and 600, 400, 200 g/T of feed on morphological composition
of the carcass (x = SD, n=3)

Indicator Control 1 11

The weight of the carcass, kg~ 74.30+1.55 78.61 £2.05 81.63+£1.57*
The muscle tissue, kg 57.05+045 60.98 +0.08%* 63.08 +0.19%**
Adipose tissue, kg 9.56+0.13 10.02+0.32 10.66 +0.43*
Bones and tendons, kg 7.69+0.07 7.63+0.55 7.89+0.05
Muscle tissue, % 76.78 +1.05 7757+587 7727122
Adipose tissue, % 12.86+0.34 1272+£2.18 13.06+0.18
Bones and endons, % 1036+0.21 9.71 £0.07* 9.67+0.92

Note: see Table 2.

In animals of the second and the third groups, the amount of muscle
tissue was higher by 3.93-6.03 kg (P < 0.001-0.01) compared with the
control indicator. Content of the adipose tissue increased accordingly by
044 kg on the second and 1.1 kg (P < 0.05) in the third group.
The amount of tendons and bones exceeded the control indicator much
less — by 0.2 kg in the third group. According to the output of the carcass
parts, no significant difference was observed. We determined tendency to
increase in the output of the muscle tissues in the carcasses of pigs of the
experimental groups by 0.49-0.79% and adipose tissue by 0.20% in the
third group, with a decrease in bone tissue —by 0.65% (P <0.05).

It was found that feeding with PVMS Efiprot increased the protein
content in the meat of the II and III groups of pigs by 1.39% (P < 0.05)
and 1.67% (P < 0.001), compared with the control sample (Table 5).
The use of the feed factor increased the amount of fat in the meat of the
11 group by 27.83% (P < 0.001), and in the III group decreased by 14.4%
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(P < 0.001), compared with the control group. The ash level in the exa-
mined meat of pigs that consumed PVMS was higher in the II group by
3.10%, in I1I group 38.9% (P < 0.001) compared with the control.

Table 5

The effect of essential oils in the doses of 400, 200, 150 g/T
and 600, 400, 200 g/T of feed on chemical

composition of meat (%, x £ SD,n=3)

Indicator Control 1 11
Dry matter, % 9283+1.04 9124+094 92.64+045
Protein, % 70.66+0.14 71.64+021%* 71.83+£0.17%*
Fat, % 9.75+0.07 1242 £0.07#%* 8.39+0.14%**
Ash, % 4.19+0.04 432+0.03 5.78 £0.06%**
Calcium, % 0.164+0.040 0.167+0.042 0.198+0.013
Phosphorus, % 1.99+0.01 1.96+0.04 1.93+0.04

Note: see Table 2.

Table 6

The effect of essential oils in the doses of 400, 200, 150 g/T
and 600, 400, 200 g/T of feed on quality indicators

of the longest back muscle (x = SD, n=3)

Indicator Control 1 I
Total moisture,% 70.09+321 69.24+1.55 67.49+0.32
Free, % 19.56+£0.15 1837+£0.07%**  17.32+0.12%*
Bound, % 50.53+£0.71 50.87+0.50 50.17+0.50
Dry matter, % 2991+0.16 30.76£0.21* 32.51£040%*
pH 6.03+0.04 596+0.02 5.99+007
Colour intensity, E100 8.53+0.02 9.16+0.08*** 9.83 £0.05%**
Protein, % 19.30+0.09 19.58+0.37 21.98 £0.06%**
Fat% 6.82+0.19 7.13+0.16 7.75+0.14*

Note: see Table 2.

Laboratory study of the longest back muscle showed that the level of
the general moisture in the meat of pigs was lower in the second and third
groups by 1.21-3.70% compared with control (Table 6). The level of free
moisture in the experimental groups was significantly lower compared
with the control parameter by 6.08-11.45% (P < 0.001). In addition, ac-
tion PVMS Efiprot in the muscles of pigs increased the level of bound
moisture in the II group by 0.6%, but reduces it in the III group by 0.71%.
This may indicate an increase in the juiciness of the muscle fibers. Under
the influence of different doses of feed additives, the indicators of acidity,
colour intensity and tendemess of pork had no significant changes com-
pared with the control sample. Another important indicator that characte-
rizes the nutritional value of feeds, and affects the productivity is their
digestibility, i.e. the property of complex organic substances of feed to be
digested in the digestive tract into simple compounds.

Studies on determining the consumption of PVMS Efiprot showed
that the animals better absorbed the nutrients from feed during the balance
experiment than the control group (Table 7).

Table 7

The effect of essential oils in the doses of 400, 200, 150 g/T
and 600, 400, 200 g/T of feed on the coefficients of
digestibility of nutritive substances (x + SD, n=3)

Indicator Control 1 11

Dry matter, % 84.21+0.07 8543 +£0.03%** 8591 £0.07***
Organic matter, % 85.96+0.08 86.62+£0.07** 87.21 £0.05%**
Crude protein, % 7125+0.04 7412 +£0.13%%* 7522 £0.03%#*
Crude fat, % 5947+0.04 62.89+0.07*+** 61.34+0.54*
Crude fiber, % 33.64+0.05 35.05+0.05%** 38.67 £0.05%**
Crude ash, % 5535+0.03 56.72 £0.03%** 57.55+£0.05%**
Nes, % 89.27+0.07 92.63 +£0.07*+** 93.80£0.12%**
Note: see Table 2.

In particular, the levels of digestible dry and organic matters increased
in the 1T and IIT group by 1.44 (P < 0.001) and 2.01% (P < 0.001), 0.77
(P<0.01) and 1.45% (P < 0.001) compared with the control. The coeffi-
cients of digestibility of protein in both experimental groups were 4.02
(P<0.001) and 5.57% (P < 0.001) higher, and digestibility of crude fat —
5.75 (P <0.001) and 3.10% (P < 0.05) higher, compared with the control.
The data show that feeding with a new feed factor improves digestibility

poorly soluble carbohydrates by 4.19% (P < 0.001) and 14.90% (P <
0.001), compared with the control, which in turn increases the efficiency
of feed on performance. The coefficient of digestibility of crude ash and
nitrogen-free extractives increased by 2.47% (P < 0.001) and 3.97% (P <
0.001), 3.76% (P < 0.001) and 5.07% (P < 0.001) compared with control.
Thus, all the digestible nutrients of the studied diet, enter the blood and
lymph in the process of digestion.

Discussion

According to the literature sources (Windisch et al., 2008, Franz &
Novak, 2009; Randrianarivelo et al., 2010; Gong et al., 2013), plant com-
ponents (essential oils) are complex mixtures of aromatic volatile and oily
compounds that are produced by living organisms and are isolated only
physically (pressing and distillation) from the whole plant or part of a plant
of known taxonomic origin. Also, some studies report that essential oils
are natural bioactive compounds obtained from plants and have a positive
effect on the growth and health of animals (Puvaca et al., 2013).

Because of their antimicrobial, anti-inflammatory and antioxidant
properties, essential oils are considered less toxic and are used as a modem
altemmative to feed antibiotics (Li et al., 2012; Gong et al., 2014). During
the conducted study on the effect of essential oils on the investigated pa-
rameters, there were observed 0.28 EFU, or 6.92%, better consumption
and assimilation of feed, as well as increase in average daily weight gain
by 4.1% and 7.1% compared to control; the level of digestibility of dry
and organic substances in the second and third experimental groups has
significantly increased by 1.44% and 2.01% and 0.77-1.45%, as well as
digestible protein by 4.02-5.57%, and digestibility of crude fat — was
higher by 3.10-5.75% compared with the control. Similar indicators were
observed in studies of foreign scientists (Franz et al., 2010; Chitprasert and
Sutaphanit, 2014; Zeng et al., 2015), who, during the experiment, obser-
ved contradictory parameters of improved consumption of food supple-
mented with essential oils, which ranged 9% to 13%. According to the
authors and our own research (Table 2) on the use of feed additives, the
combined use of different antibiotic alternatives had a better effect on pro-
ductivity and health of weaned pigs compared to their compounds alone
in the diet (Zeng et al.,, 2015; Walia et al., 2017). Also, according to the
authors (Bartos et al., 2016; Lan et al., 2016; Clarke et al., 2018; Xuet al.,
2018), young pigs that were fed with essential oils had an increased ave-
rage daily weight gain, average daily feed intake and the growth rate,
rather than those that were fed with low-nutrient diets. There was also
higher general absorption of dry matter of calcium, phosphorus, crude pro-
tein and gross energy in the tract of pigs, compared with diets having low
nutrient density (P < 0.05). The actual digestibility of nitrogen and amino
acids was improved (P < 0.05) as a result of addition of essential oils and
feeding normalized with nutrient density. Increased digestibility of most
amino acids, except threonine, valine, methionine, proline, glycine, ala-
nine, cystine, was increased (P < 0.05) at feeding balanced with nutrient
density. In addition, the dietary supplement also had a significant positive
effect on the digestibility of some amino acids (P < 0.05), including isoleu-
cine, leucine, lysine, arginine, aspartic acid, serine and tyrosine.

Conclusions

According to the results of the study, it was found that the use of the
protein-vitamin-mineral supplement Efiprot in the diets of young pigs
with essential oils in the amount of 150 g/T of feed helped to increase the
average daily weight gain by 33 g (4.1%). Also it reduced the expenditure
of feed per 1 kg of increment 0.16 EFU, or 3.95%, at the fed dose of es-
sential oils equaling 200 g/T of feed in the PVMS, the average daily
weight gains tended to increase by 58 g (7.1%), while saving feed by
0.28 EFU, or 6.92%. Using novel PVMS Efiprot in feeding young pigs,
which contains products of plant processing (essential oils), led to the posi-
tive productive effects: increases in the slaughter weight by 4.82 and
8.37 kg, slaughter yield by 4.33% and 5.46%, carcass weight by 5.80%
and 9.86%, and carcass yield by 4.86% and 6.08% compared with the
control. The use of a new feed additive in the diets of the animals of Il and
IIT groups increased the amount of muscle tissue by 3.93-6.03 kg (P <
0.001-0.01) and the yield of muscle tissue in pig carcasses of the experi-
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mental groups by 0.79-0.49% compared with the control. The content of
adipose tissue increased respectively by 0.44 and 1.10 kg (P < 0.05) in the
second and third groups, while the bone tissue decreased by 0.65-0.69%,
compared to control. Between the groups, there was no significant differ-
ence in the yield of the carcass components. Feeding young pigs with
PVMS Efiprot and essential oils caused increase in the digestibility of all
nutrients in the diet: the coefficient of digestibility of dry and organic mat-
ter increased in the second and third experimental groups by 1.44% and
2.01%, 0.77-1.45%, protein digestibility was higher by 4.02-5.57%, and
the digestibility of crude fat — by 5.75-3.10% compared with the control.
The level of digestibility of poorly soluble carbohydrates was higher by
4.19-14.90%, compared with the control indicator, which in tum in-
creased the feed efficiency in the productivity. The digestibility ratio of
crude ash and nitrogen-free extractives increased by 2.47-3.97% and
3.76-5.07%, as compared with the control.
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