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Abstract. This paper presents the results of experiments on primates feed-

ing. In diet structures that were used animal feed, of which fish flour is the 

most valuable, as found, for monkeys, due to its unique chemical composi-

tion. And the effect of the probiotic complex "Bactistatin" on the digesti-

bility of feed in the diet of rhesus monkeys was studied. This preparation 

belongs to the new generation of probiotics. It is a biological product with 

immobilized probiotic strains and their metabolites. The study was con-

ducted on a large population of male rhesus macaques in enclosure condi-

tions. Feeding diets, their nutritional value as a result of the inclusion of 

fish flour in the amount of 18% were studied. And also, the effect of "Bac-

tistatin" in the amount of 3 g/head, on the formation of symbiotic microflo-

ra of the gastrointestinal tract, was studied in order to improve the absorp-

tion of nutrients in complete feed. Changes in homeostasis during the ex-

periment were controlled by hematological and biochemical parameters of 

the blood of both experimental and control primates. At the end of the ex-

periment, the cost of feed, nutrients, and exchange energy per head was 

calculated. The experimental data obtained were analyzed and mathemati-

cally processed. 

1 Introduction 
At present, the market for microecological agents and probiotic feeds for therapeutic 

and prophylactic purposes is approaching US $ 30 billion  and has an annual growth rate of 
about 3–5% [9; 16]. The effectiveness of probiotics is determined by their adaptive and 
probiotic potentials [11; 14]. The adaptive potential includes the resistance of probiotic 
bacteria to physical and chemical stresses (acidic pH, oxidative and osmotic stresses), the 
severity of adaptive metabolism (the ability to utilize carbohydrate and other substrates), as 
well as the ability to adhere and its severity (the number and types of surface mucin- and 
fibronectin binding proteins, exopolysaccharides, lipoteichoic acid, etc.). Probiotic potential 
of probiotics is associated with the production of the underlying living organisms of many 
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low molecular weight compounds of different chemical nature (autoinductor, chemokines, 
moduline, effectors, substrates, cosubstrates, enzymes, co-factors, metabolites, signaling 
molecules), similar to those of endogenous and food origin, as well as microbial com-
pounds that eliminate (or suppress) the development of pathogenic and opportunistic mi-
crobes in the gastrointestinal tract using these drugs or positively affecting its autochtho-
nous microbiota and intestinal epithelium, improving local and systemic immunity, activat-
ing metabolic and other processes localized or proceeding in the gastrointestinal tract. At-
tempts have been made to create symbiotic probiotics based on strains that simultaneously 
participate in the implementation of several physiological functions, biochemical or behav-
ioral reactions; attempts were made to introduce nanoparticles containing certain low-
molecular compounds or their groups in the composition of probiotics and symbiotics. Pro-
biotics are differentiated for a wide range of uses, for specific populations, including auto-
probiotics for personal use. Probiotics based on genetically engineered strains that artificial-
ly introduce genetic determinants responsible for the synthesis of bacteriocins, antimicrobi-
al enzymes, immunoglobulins, interferons, and other compounds that enhance the adaptive 
and probiotic potential of probiotic microorganisms have been developed [13; 15].

Scientists refer to new-generation probiotics as biologics with immobilized probiotic 
strains and their metabolites, as well as synthetic compositions of autostimulants [2; 9; 14]. 
Such preparations include bactistatin. This preparation allows to form a microbiota in the 
gastrointestinal tract, which in turn, as part of a complex symbiotic system of the body, 
allows to favorably affect the digestive processes. But, in addition to the symbiotic mycobi-
ota, a full-fledged balanced feeding is important. One of the main conditions for which is 
complete feed, which includes animal feed.

Animal feed is the most valuable source of protein for animals. The protein of most of 
them is rich in lysine and other essential amino acids and has a high biological value and 
digestibility. They contain a lot of B vitamins, including vitamin B12, which is not found in 
plant feed. Some of them are also a good source of fat-soluble vitamins. Animal feed is free 
of fiber and other carbohydrates, with the exception of milk, which contains the sugar lac-
tose. Many of them are rich in calcium, phosphorus, magnesium, and iodine. These feeds 
are mainly used for monogastric and young animals of different species. Their main pur-
pose is to supplement feed and mixed feeds with protein and amino acids, as well as B vit-
amins. Among animal feeds, the most important is fish flour, which has a specific special 
structure. First of all, we are talking about a surprisingly wide range of natural substances 
and minerals contained in fish flour: this is phosphorus (almost all seafood is rich in them), 
calcium, a whole set of amino acids, iodine, selenium, as well as vitamins A, D and B 
group. Each of these elements has its own useful properties, thanks to which the digestive 
processes are improved and the immune system is strengthened. Animals that receive fish 
flour are less susceptible to diseases, and due to the optimal ratio of amino acids in the 
composition of fish flour, young animals develop faster [12; 6].

The aim of our research was to develop new feeding diets for rhesus macaques using 
fish flour and to study the effect of bactistatin in feeding diets on feed and nutrient costs. 

2 Research methods 

Experimental work was performed on male primates of the rhesus macaque species 
(macaca mulatta). For this purpose, 3 groups were formed, using the method of pairs of 
analogues by origin, physiological state, with an average age of 10 years, 12 heads in each 
group. The experiment was carried out in an open-air cage. The experiment was conducted 
in accordance with generally accepted research methods. The duration of the stated experi-
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ments was 92 days. [1; 7].
During the experiments, primate feeding was carried out with complete compound 

feeds, the nutritional value of which was developed according to the feeding standards of 
these primate species. The lack of certain types of amino acids, such as lysine and macronu-
trients in complete feed was restored by additives containing them. And the limit of methi-
onine, for example, in feed is restored by adding its synthetic form, in the amount required 
to the norm [8; 10]. The scheme of this experiment is presented in table 1.

Table 1. Scheme of experiments on macaca mulatta

Number

of primates Feeding conditions
Groups

I

Control

12 Complete feed (CF)

II

Experiment

12 CF + "Bactistatin" 3 g/head.

III

Experiment

12 From CF the following was replaced: egg powder - by 70%, 

corn gluten - by 2%, sunflower flour  y 10%, milk powder - by

100%, fish flour - 18.26% 

CF* - complete feed

Animal experiments were performed in accordance with the requirements of the guide-
lines for the maintenance of laboratory animals [18], the Helsinki Declaration (2000) and 
the EU Directive 2010/63/EU. The study was approved by the Bioethical Commission of 
the FSBSI "SRI MP".

The results were processed statistically and expressed as arithmetic averages and their 
standard errors. The statistical significance of the differences was determined using a sin-
gle-factor analysis of variance with subsequent a posteriori adjustments for multiple com-
parisons using the Tukey and Sidak method. The accepted level of statistical significance is 
p<0.05.

Primates in the control group consumed a complete balanced feed of own production of 
the FSBSI "SRI MP".

The 2nd experimental group received the probiotic complex bactistatin in the recom-
mended ratio of 3 g/head per day in addition to the complete compound feed.

Test rhesus monkeys of the 3rd experimental group, the following components were re-
placed with fish flour in the nutritional formula: sunflower flour by 10%, egg powder by 
70%, corn gluten by 2%, dry milk by 100%, as a result, fish flour in the diet structure was 
in the amount of 18%.

Changes in the homeostasis and health status of primates resulting from the inclusion of 
fish flour and "Bactistatin" were monitored based on the results of hematological tests. For 
this purpose blood sampling in male rhesus macaques was carried out at the beginning of 
the experiment and at its end [3; 4; 17; 18].

3 Results and their discussion
For the preparation of diets, the norms of primate nutritional requirements were taken, 
based on an in-depth analysis of literature data, scientific research, and achievements in the 
practical production of complete feed. According to the recommendations, the feeding peri-
od is divided into two-phase feeding (table 2).
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Table 2. Nutritional value of complete compound feeds

Indicators Complete feed, CF CF 
with bactistatin

CF 
with fish flour

EFU, primates 1.33 1.33 1.33
EE, primates MJ 13.36 13.36 13.30

Dry matter, g 817.74 817.74 859.93
Crude protein, g 268.26 268.26 332.43
PP monkeys, g 226.51 226.51 297.15

Lysine, g 88.48 88.48 93.86
Methionin+cysteine

, g 6.78 6.78 10.37
Tryptophan, g 3.20 3.20 4.10

Raw fat, g 69.80 69.80 41.61
Raw fiber, g 39.30 39.30 37.30

NFES, including, g 283.60 283.60 253.52
Starch, g 242.00 242.00 240.41
Sugar, g 191.70 191.70 190.20

Calcium, g 16.33 16.33 27.45
Phosphorus, g 8.75 8.75 14.21
Magnesium, g 2.63 2.63 3.29
Potassium, g 5.88 5.88 7.71

Sulfur, g 2.35 2.35 2.91
Iron, mg 75.04 75.04 88.14

Copper, mg 14.50 14.50 16.76
Zinc, mg 20.87 20.87 37.53

Manganese, mg 20.07 20.07 23.50
Cobalt, mg 10.45 10.45 10.40
Iodine, mg 0.18 0.18 0.61

Carotene, mg 1.32 1.32 0.64
Vitamin A, MU 800.21 800.21 0.21
Vitamin D, MU 14.88 14.88 15.79
Vitamin E, mg 6.12 6.12 8.60

Vitamin B12, mcg 14.29 14.29 58.46

The rations were equalized in terms of total nutrition, minerals, protein, and fat; the 
amino acid composition of the feed was taken into account to balance the rations for essen-
tial amino acids (lysine, methionine). 

Primates of the I-th control group were fed with complete compound feed of own pro-
duction of the FSBSI "SRI MP". In the composition, which accounted for 21.4% of wheat, 
soybean cake and sunflower - 17.42% and 13.83%, respectively. Skimmed milk powder 
accounted for 14.39%. In terms of energy, the complete feed was balanced by the inclusion 
of sunflower oil in its composition in an amount of 0.8%. The remaining 32.16% of energy 
came from corn gluten, egg powder, and sugar, respectively - 11.24%, 13.35%, 3.3%, and 
4.27%. Macro and microelements were balanced by the inclusion of premix in the recipe. 

The recipe of the II experimental group was similar in the structure of ingredients to the 
I control group. But in addition to complete compound feeds, primates of the second exper-
imental group received "Bactistatin", at the rate of 3 g/kg of body weight. 

Fish flour in the amount of 18% was added to the formula of complete compound feed 
of the III experimental group as animal feed. As a result, the recipe structure reduced the 
content of egg powder by 70%, sunflower flour by 10%, skimmed milk powder by 100%, 
and corn gluten by 2%. 

Constancy of physical and chemical properties and chemical and morphological -
composition of blood is possible only in healthy primates. Based on this, the study of hema-
tological parameters is important for the diagnosis of homeostasis. Table 3

E3S Web of Conferences 222, 0 (2020)

DAIC 2020
2006 https://doi.org/10.1051/e3sconf/202022202006

 

4



In the blood serum, its biochemical parameters were studied. In particular, total protein, 
glucose, bilirubin, phosphorus, and calcium[5].

Table 3. Blood biochemical parameters of primates (X±Sx)

Groups

Glucose

(mmol/l)

Bilirubin

mcmol/l

Phosphorus

(mmol/l)

Calcium

(mmol/l)

Protein

(g/l)

Beginning of the experiment

I-control 3.73±0.30 3.05±0.44 1.12±0.16 2.95±0.17 91.65±4.01

II-experiment 4.76±0.56 4.41±0.54 1.24±0.10 2.75±0.05 87.29±2.50

III-experiment 3.20±0.34 4.82±0.64 1.48±0.18 2.72±0.12 87.96±5.9

End of the experiment

I-control 6.35±0.35 11.66±3.1 0.59±0.07 2.91±0.08 91.89±6.64

II-experiment 6.40±0.34 17.61±4.83 1.12±0.09* 2.88±0.13 73.46±5.30

III-experiment 6.15±0.16 6.15±1.40 1.20±0.13 3.24±0.03* 78.53±3.60

p<0.05*

In the diagnosis of internal non-infectious diseases, intoxications, blood biochemical pa-
rameters are of great value, but mainly reflect the metabolic processes and the level of feed-
ing. As a rule,biochemical blood parameters do not fully provide answers to all the diag-
nosed questions, but with the correct understanding of physiological changes, they become 
a solid basis for making decisions for the development of scientifically based feeding 
standards.

The blood glucose level was determined to monitor the state of carbohydrate metabo-
lism. The normal glucose level is (3.3-6.5 mmol/l). Hyperglycemia (increased blood sugar) 
is usually associated with feeding of large amounts of sugary feed, but in this case we can 
talk about better absorption of sugars from the diet.

Bilirubin increases during the violation of the liver functioning. Normal level - (3,4-17,6 
mmol/l). In our experiment, the level of pigment, both at the beginning of the experiment 
and at the end of the experimental period, was within the physiological norm.

Phosphorus is a structurally necessary element for the functioning of nerve endings in 
muscle tissues. The norm for an adult healthy body is (0.87-1.5 mmol/l). The level of phos-
phorus in the blood of all experimental groups was lower than the background values, but 
was within the reference values. 

The normal calcium level of adult primates is in the range (2.25-3.0 mmol/l). In our ex-
periment, the calcium level was within the normal range.

Total protein, as the basis of the entire protein part of the blood, helps to determine the 
metabolic disorders and nutritional content of the diet, as well as the development of malig-
nant neoplasms in the body. Increased protein is a sign of the development of tumors and 
rheumatic diseases, reduced protein - problems in the digestive organs. In adult primates, 
the protein norm is 64-93 g/l. Analysis of protein metabolism showed that the indicators of 
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total protein are within the limits of physiological norms. This indicates a sufficient balance 
of protein diets.

The results of hematological studies convincingly showed that the biochemical parame-
ters and complete blood analysis, after using fish flour and "Bactistatin" as part of the reci-
pes by the end of the experiment, approached the reference values; this proves their positive 
effect on homeostasis, growth and development of male rhesus macaques. 

The study of feed consumption indicators, when determining the effectiveness of the 
use of "Bactistatin" and fish flour, is necessary. Since feed makes up a significant amount 
in the structure of keeping primates cost, more than 75%. Indicators of feed costs, most 
pronounced when testing experiments on a larger livestock, with open-air cage conditions 
table 4.

Based on the indicators of body weight, it can be seen that macaca mulatta males in the 
experimental groups were superior to their counterparts in the I-th control group.

The total increase over the experiment was the highest in primates of the III experi-
mental group, and it was 890 g. This is 261% higher than in the control group. This trend is 
also observed in the second experimental group, where the increase for the experiment was 
620 and was higher by 182 %, respectively, with a high degree of confidence (p<0.001).

Table 4. Feed costs per 1 head  for the experiment

Indicators

Groups

Control 2 Experiment 3 Experiment

Body weight, kg:

at the beginning of the experiment 11.61±0.55 9.30±0.36 8.36±0.45

at the end of the experiment 11.95±0.50 9.92±0.49 9.25±0.40

Increase for the experiment, kg 0.34±0.33 0.62±0.19** 0.89±0.25*

% to control 100 182 261

Costs per 1 head

MJ 3724.0 2070.5 1434.6

% to control 100 -44.40 -61.48

Crude protein, kg 75.04 43.28 35.92

% to control 100 -42.33 -52.13

p<0.05*, p<0.001**

The data in Table 4 indicate that the use of "Bactistatin" and fish flour in the diets con-
tributed to the effective use of complete feed by experimental primates. Male rhesus ma-
caques of all groups spent the same amount of food and nutrients per head per day, but for 
the resulting weight gain over the experiment, the costs were lower in the experimental 
groups. Bactistatin and fish flour had a positive effect on the costs of metabolic energy and 
crude protein. Significantly low feed costs are observed in the third experimental group. 
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Here energy consumption was lower by 61.48%, crude protein - by 52.13%. In the II exper-
imental group, the expenditure of exchange energy and raw protein was lower by 44.40% 
and 42.33%, respectively. 

Thus, the inclusion of fish flour and bactistatin in the diet structure of male rhesus ma-
caques increases the weight gain by 261% and 182%, respectively. At the same time, it 
helps to reduce the cost of nutrients and feed per 1 head.

4 Conclusions
According to the data obtained in the experiment, it can be argued that the introduction of 
fish flour into the composition of the complete recipes of the experimental groups of male 
rhesus monkeys had a positive effect on their nutritional value and the degree of assimila-
tion of nutrients, which is reflected in the consumption of feed and metabolic energy per 1 
head. This helps reduce feed costs and increases the profitability of monkeys keeping. 

The use of the probiotic preparation "Bactistatin" allowed to normalize the symbiotic 
microflora of the digestive tract, and strengthen the natural resistance of the body of exper-
imental monkeys, which provided better absorption of nutrients in the diet. This, in turn, is 
confirmed by the hematological indicators obtained as a result of the experiment and indi-
cate a good state of health of rhesus macaques and the usefulness of the structure of recipes 
for complete compound feeds. 
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