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SUMMARY

Chlorella shows a wide spectrum of biological activity, in particular, it exhibits a pronounced antioxidant activity and demonstrates anti-inflammatory, antitumor
and antiviral properties. A number of research works have been devoted to studying feed advantages of this unicellular green algae when used in the diets of
livestock animals, but the possibility of including different Chlorella species in the diet of primates has not been practically studied. The aim of this work was to
assess the possibility of replacing high-protein animal and vegetable feeds with Chlorella, to calculate the digestibility coefficients for the diet nutrients and the
effect of algal dry and suspension forms on hematological and serum biochemical parameters in male rhesus monkeys. The data obtained during the experiment
indicate that the inclusion of Chlorella in the diet both in the dry form and cell suspension improves nutrient digestibility. Thus, the digestibility of crude protein in
the animals receiving algae suspension increased by 4.18% (p < 0.05), that of crude fat — by 4.70% (p < 0.01), crude fiber — by 4.14% (p < 0.05) and crude ash —
by 12.32% (p < 0.001). The digestibility coefficients of crude protein in the primates receiving compound feed supplemented with Chlorella powder were higher
by 6.83% (p < 0.001), those of crude fiber — by 4.78% (p < 0.05) and crude ash — by 18.93% (p < 0.001). The hematological study results indicate the absence
of side effects from long-term Chlorella consumption by primates. The introduction of dry Chlorella into the diet increased blood glucose levels to the upper limit
of the control values, while Chlorella suspension did not produce this effect. Thus, Chlorella can be successfully used as a component of a balanced laboratory diet
for primates or as a feed additive.
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PE3IOME

Xnopenna 06n1aaaeT LWMpoKuM CNEKTPOM B1ON0rHYECKoil aKTUBHOCTH, B YACTHOCTM, NPOABNAET BbIPaXKeHHYH0 aHTUOKCUAAHTHYI0 aKTUBHOCTb, NPOTUBOBOCNANK-
TeNbHble, NPOTUBOOMYXONEBbIE 1 NPOTUBOBUPYCHbIE CBOIICTBA. /13yueH1to KOPMOBbIX AOCTOMHCTB 3T0il OHOKETOUHOI 3eM1eH0ii BOAOPOCIM NPU HCMONb30BAHIN
B COCTaBe PaLIMOHOB ANA CeNbCKOXO3ANCTBEHHbIX XXUBOTHbIX MOCBALLIEH PAA UCCNIEN0BAHWI, 0AHAKO BOMPOC BO3MOMXHOCTY BK/HOYeHUA pasHbiX BItA0B Chiorella
B PaLMOH NPUMATOB MPaKTyecKn He u3yyeH. Lienblo AaHHoii paboTbi Gbina oLieHKa BO3MOXHOCTI 3aMelLieHIs BbICOKONPOTEMHOBLIX KOPMOB WBOTHOrO 1 pac-
TUTENbHOTO NPONCXOXAEHNA Ha XOPeNny, onpeeneHine KO3GULMEHTOB NepeBapUMOCT NMUTATENbHbIX BELLECTB PALMOHOB U BANAHMA CYXOIi 11 CyCMIeH3MOHHOI
$opm BOAOPOCNN HA reMaTonoruyeckie, GUoXIMIYECKile NoKasaTeNu KPoBi Y CAMLIOB MakakoB-pe3ycoB. [TonyueHHble Npy NpoBefeHNI 3KCepUMeHTa AaHHble
CBUAETENbCTBYIOT 0 TOM, YTO BKIOUEHIE B PALIMOH XNIOPEN/Ibl Kak B CYXOM BUAE, TaK 1 B BUAE KNIETOUHON CyCen3uu CnocobCTBYyeT nyyLuieil ycBOAEMOCTY NUTaTeNb-
HbIX BeLLecTB. Tak, B rpynne XMBOTHBIX, MOMyYaBLUMX CyCMeH3M0 BOJOPOCH, YCBOAEMOCTb CbipOro MpoTeitHa yBenuunnach Ha4,18% (p < 0,05), cbiporo xupa — Ha
4,70% (p < 0,01), colpoit kneTyatkin — Ha 4,14% (p < 0,05) u cbipoii 30161 — Ha 12,32% (p < 0,001). Y npumartos, B peLientypy Kombukopma KoTopbix Obin BBeAeH
MOPOLLIOK XNI0PeNbl, KOIPGULUEHTbI NepeBapuMOocTy Cbiporo npoTenHa bbinm Bbilwe Ha 6,83% (p < 0,001), colpoit knetyatku — Ha 4,78% (p < 0,05) u cbipoil
3071bl — Ha 18,93% (p < 0,001). Pe3ynbTaThl rematonoruyeckix Mccnef0BaHmil YKa3blBaloT Ha OTCYTCTBYE NOBOUHBIX IPHeKTOB OT AnuTENbHOrO ynoTpedneHua
XNopennibl npumatamu. BeeeHue B paLoH Cyxoii Xnopenibl Cnoco6CTBOBaN0 NOBbILLEHNI0 YPOBH MI0K03bI B KPOBI A0 BEPXHENi rPaHMLibl KOHTPOMbHbIX 3Ha-
YeHMiA, TOrAa Kak CyCneH3ua XNopeNibl He OKa3biBana Takoro ¢ ekTa. Takum 06pasom, xnopenna MOXeT ObITb YCNeLHO CNOb30BaHa B kayecTBe KOMMOHEHTa

6anaHcMpoBaHHOro 1abOPATOPHOTO PaLMoHa ANA NPUMATOB WA B KauecTBe KOPMOBOI 406aBKM.

KnioueBbie cnoBa: Xnopenna, nepesapumocTb, C0CTaB KPOBU, OMoXUMIUYECKIii aHanu3 KpOBH, CyCneH3nA, NpumMatbl

[ina yntupoBauus: fanoHos H. B., Manuewko An. B., Manuerko AH. B., Yyryes K. 1. Bananue xnopennbl Ha rematonoruyeckie nokasarenu u 6uogocTynHocTs
NUTaTeNbHbIX BELLECTB PaLNOHa Y MaKakoB-pe3ycoB. BemepuHapus cezodus. 2021; 10 (4): 349-356. DOI: 10.29326/2304-196X-2021-10-4-349-356.
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INTRODUCTION

Of all freshwater algae, the unicellular green algae Chlo-
rella (Chlorella spp.) is the most widely used and serves
a suitable model for laboratory testing and application
in production [1]. The diameter of mononuclear vegeta-
tive cells of this alga does not usually exceed 15 microns,
the protoplast has one cup-shaped chloroplast with
a pyrenoid in the thickened part. Chlorella species repro-
duce exclusively by autospores (generally 4-8 per cell) [2].
Chlorella has long been used as a food source, it surpasses
all plant feeds and agricultural crops in vitamin content,
it contains amino acids, including essential ones, which
indicates its prospects as a source of valuable organic mat-
ter [3]. In addition, microalgae are cultivated in bioreactors
using mineral nutrient media, and the grown suspended
plant cell culture is used as a genetically modified platform
for the production of heterologous proteins [4, 5].

Chlorella actively produces proteins, carbohydrates,
lipids, vitamins with an easily adjustable ratio of these
compounds when its cultivation conditions are changed.
On average, dried algae contain 45% protein, 20% carbo-
hydrates, 20% fat, 5-10% fiber, zinc, iron, magnesium, cal-
cium, phosphorus, etc. Many of the substances found in
Chlorella accumulate in the culture medium containing vi-
tamin B1 (thiamine), B2 (riboflavin), B3 (pantothenic acid),
B5 (nicotinic acid), B6 (pyridoxine), B12 (cyanocobalamin),
folic acid and its derivatives, para-aminobenzoic acid,
H (biotin), inositol [6, 7]. The amount of these vitamins in
the culture fluid significantly exceeds their amountin cells.
Therefore, when using Chlorella biomass as a feed additive,
it is also possible to give animals cell suspension with no

loss of vitamins and other biologically active substances
in the growth medium.

Chlorella shows a wide range of biological activities,
in particular, it exhibits pronounced antioxidant acti-
vity and has anti-inflammatory, antitumor and antiviral
properties [8]. It was found that the alga protects the
INS-1 (832/13) cells in the pancreas from damage by
hydrogen peroxide, prevents damage to mitochondrial
membranes, restores the adenosine triphosphate levels
and reduces the cellular content of reactive oxygen spe-
cies [9]. The constituents composing the Chlorella cell wall
have immunostimulating properties, which are manifes-
ted in increased activity of NK cells, as well as increased
production of interferon-y, interleukin-12, and interleu-
kin-18 - Th1-associated cytokines [10]. Chlorella used in
humans with viral hepatitis C helps to reduce virus RNA
expression, as well as the level of alanine aminotransfer-
ase and aspartate aminotransferase [11]. Dried Chlorella
pyrenoidosa powder induces a chemopreventive effect
on hepatocancerogenesis in rats [12]. Both Chlorella
extracts [13] and polypeptides exhibit antitumor prop-
erties [14]. Clinical trials have shown that supplements
containing Chlorella vulgaris can alleviate hyperlipidemia,
hyperglycemia, protect against oxidative stress, as well as
prevent development of cancer and chronic obstructive
pulmonary disease [3]. In addition, taking Chlorella during
pregnancy may reduce dioxin content and increase immu-
noglobulin content in breast milk [15].

Introduction of Chlorella suspension in the diet of
livestock animals minimizes mortality in young animals,
promotes better feed absorption, enhances intestine
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peristalsis, preventing stagnation and inflammation of
gastrointestinal tract mucosa (diverticulitis), reabsorption
of toxic substances, as well as distribution of non-sapro-
phytic microbes [7]. The algae anti-inflammatory and anti-
oxidant properties remove symptoms of ulcerative colitis,
irritable bowel syndrome and Crohn’s disease. Chlorella
provides essential nutrients [16, 17], increases body’s
resistance to infectious diseases, which is especially im-
portant when animals are kept outdoors in winter, and is
a preventive remedy for vitamin deficiency conditions in
the autumn-winter period [7].

Chlorella can be added to the diet of humans and an-
imals in the form of suspension, paste or dry biomass [7].
However, the possibility of including different algae spe-
cies in the diet of primates has not been practically stu-
died. Taking into account the diverse biological effects of
Chlorella supplements, it is necessary to evaluate not only
the effect on the digestibility of substances, but also on
the main hematological and biochemical parameters of
the organism.

Thus, the aim of the study was to assess the possibility
of replacing high-protein feeds with Chlorella of animal
and plant origin, to determine the digestibility coefficients
for nutrients in diets and the effect of algal dry and sus-
pension forms on hematological and biochemical blood
parameters in male rhesus monkeys.

MATERIALS AND METHODS

Animals. Fifteen male rhesus monkeys (Macaca mulatta)
aged from 7 to 15 years (FSBSI “RIMP” monkey breeding
facility) that were kept in individual cells were used in
the experiments. According to the method of pairs of
analogues and taking into account the age, the animals
were divided into three groups — a Control Group and two
Experimental Groups (5 animals in each), which received
different diets [18].

Animal experiments were performed in accordance
with the interstate standards for the maintenance and care
of laboratory animals GOST 33215-2014 and GOST 33216~
2014, adopted by the Interstate Council for Standardiza-
tion, Metrology and Certification, as well as in accordance
with the requirements of the Helsinki Declaration (2000)
and Directive 2010/63/EU of the European Parliament
and the Council of the European Union of September 22,
2010 on protection of animals used for scientific purposes.
The study was approved by the Bioethical Commission of
the FSBSI“RIMP”.

The composition of the feed used. Complete granulated
compound feed manufactured at the production site of
the FSBSI“RIMP” was used in the experiment. In contained
wheat — 21.40%, soybean cake - 17.42%, sunflower cake —
13.83%, skimmed milk powder - 14.39%, corn — 13.35%,
corn gluten - 11.24%, egg powder - 3.30% and sugar —
4.27%.The diet of the Control Group animals was energeti-
cally balanced by adding 0.80% sunflower oil. The biochem-
ical composition of feed and Chlorella is shown in Table 1.

Chlorella (Chlorella vulgaris, IGF No. C-111 strain) was
used in the diets of Experimental Group primates in the
form of a suspension at 55-60 million/cm? cell concen-
tration (Biocenter Geoflora, LLC, Russia) and dry powder
(Green, LLC, Russia). Chlorella suspension was administered
with drinking water at 2.8 ml/kg of body weight per day
in addition to complete compound feed. When Chlorella

powder was introduced into the diet (13.25%), the content
of skimmed milk powder decreased by 90%, and that of
egg powder - by 9% in the compound feed formula.

The experimental design is presented in Table 2.

The primates in the first (Control) Group were given
complete granulated compound feed and tap water, the
animals in the second (Experimental) Group received Chlo-
rella suspension included in the diet. The animals in the
third (Experimental) Group received compound feed mod-
ified with Chlorella powder. The experiment lasted 35 days.

At the first stage, the animals were handled to get pre-
pared for the cell keeping conditions for 5 days and the
diet was replaced to exclude the influence of previous
feeding. The feeding schedule for primates in all groups
was the same.

At the second stage, the quantity of consumed feed
and excreted faeces was recorded for 5 days. Faeces were
collected daily at the same time (morning and evening),
weighed and ground in a mortar. 50% of the homoge-
nized mass were taken for testing during each sampling.
The collected portions were stored in a refrigerator. After
the recording period was over, the initial moisture level
was determined in the collected faeces samples by drying
to constant weight at 60-70 °C.

The non-organic matter in the biochemical compo-
sition of the complete compound feed was determined
using a wave-dispersive X-ray fluorescence spectrome-
ter SPECTROSCAN MAX-GVM (NPO “SPECTRON’, LLC, Rus-
sia) in accordance with the“Method of measuring the mass
fraction of Mg, Al, Si, Zn, B, S, Cl, K, Ca, Ba, Ti, Cr, Mn, Fe, Ni, Br,
Rb, Sr in powder samples of plant materials by X-ray fluo-
rescence method using X-ray devices for spectral analysis
SPECTROSCAN MAX (M-049-RM/12)", FR.1.31.2014.17343.
The other indicators were determined using the
NIRS DS2500F feed spectral analyzer (FOSS, Denmark).

Clinical and biochemical blood tests. Venous blood and
the serum thereof were used for testing. Blood samples
(2.5-3.0 ml) were taken from the ulnar or femoral vein on
an empty stomach before Chlorella supplementation and
35 days post the experiment. Whole blood was stabilized
with a heparin solution, and hematological analysis was
performed using automatic Coulter AcT 5diff CP analyzer
(Beckman Coulter, USA). The level of erythrocytes, leuko-
cytes, platelets, hemoglobin concentration, hematocrit,
mean erythrocyte volume, erythrocyte anisocytosis were
determined. The erythrocyte sedimentation rate (ESR) was
evaluated according to Panchenkov’s method.

Blood serum was obtained from anticoagulant-free
venous blood that was left in a centrifuge glass tube at a
temperature of 15-20 °C until a clot was formed. Decanting
and centrifugation was performed with a thin glass rod for
10 min at 1,000-1,500 g. Biochemical analysis (the content
of total protein, glucose, total bilirubin, calcium, phospho-
rus) of non-hemolyzed blood sera was carried out within
2-3 hours after submission using commercial test kits (High
Technology, Inc., USA) and a semi-automatic biochemistry
analyzer (BioChem SA; High Technology, Inc., USA) in accor-
dance with the manufacturer’s instructions.

Statistical analysis. The obtained results were pro-
cessed statistically using the GraphPad Prizm 8.0 Soft-
ware (USA) and expressed as arithmetic means and stan-
dard errors. The statistical significance of the differences
was determined using a one-way dispersion analysis of
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Table 1
Complete feed and Chlorella powder biochemical composition

Complete compound feed with

Parameters (per 1kg) Complete compound feed Chlorella powder (13.25%) Chlorella powder
Metabolizable energy (primates), MJ 13.36 1332 21.14
Dry matter, g 818 813 983
Crude protein, g 269 278 500
Digestible protein (primates), g 227 231 -
Lysine, g 88 91 51
Methionine + cystine, g 6.8 9.3 36
Tryptophan, g 33 43 15.0
(rude fat, g 70 67 259
Crude fiber, g 39 40 10
Nitrogen-free extracts, g 284 280 356
Starch, g 242 241 -
Sugar, g 192 191 -
Caldum, g 16.3 16.4 11.0
Phosphorus, g 8.8 9.6 18.0
Magnesium, g 26 26 0.7
Potassium, g 59 5.8 9.8
Sulfur, g 24 23 2.5
Ferrum, mg 75 120 528
Copper, mg 14.5 14.7 5.0
Zinc, mg 209 19.0 3.0
Manganese, mg 20.1 20.0 2.2
Cobalt, mg 10.5 10.4 0.2
lodine, mg 0.18 0.42 3.0
Carotene, mg 13 13 6.5
Vitamin A, IU 800 158 1,700
Vitamin D, IU 15 14 127
Vitamin E, mg 6.1 6.0 8.7
Vitamin B1, mg 5.2 5.2 2.5
Vitamin B2, mg 3.0 29 9.6
Vitamin B3, mg 5.4 53 22
Vitamin B4, mg 735 77 2,175
Vitamin B5, mg 2434 2419 1.6
Vitamin B12, ug 143 12.0 11.0

variance followed by a posteriori corrections for multiple
comparisons in accordance with Tukey’s and Sidak’s
method. The accepted level of statistical significance was
p < 0.05 [20].

RESULTS AND DISCUSSION

Changes in the blood system are among the first signs
of changes occurring in the body as a whole, which is of

great diagnostic importance in alimentary disorders [21].

The results of the hematological analysis of primate blood
are presented in Table 3.

It was found that the number of leukocytes in the Ex-
perimental Groups slightly exceeded the upper limit of the
reference values at the beginning of the experiment. At
the end of the experiment, no significant changes in the
level of leukocytes were observed. The number of eryth-
rocytes and platelets was within the reference values in
all groups, both at the beginning and at the end of the
experiment, with no significant differences between the
groups. The hemoglobin level and the mean hemoglobin
content per erythrocyte did not differ between the groups
both at the beginning and at the end of the experiment.
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Table 2
Experimental design

Number of animals Feeding conditions

| Control 5 Complete compound feed
Il Experimental 5 Complete feed + Chlorella suspension 2.8 mi/kg of body weight
Il Experimental 5 Complete feed + dry Chlorella content (13.25%).
P 90% of milk powder and 9% of egg powder were replaced with dry Chlorella

ESR values were within the limits of the physiologi-
cal norm at the beginning of the experiment as well as
following Chlorella administration. The ESR and leukocyte
levels established in the blood indicate absence of inflam-
matory processes in experimental animals that received
both standard and experimental diets.

Thus, during long-lasting Chlorella introduction into the
dietin suspension or dry powder forms as part of granular
compound feeds, there was no significant change in the
hemogram indicators both between groups and in terms
of reference values.

Some serum biochemical parameters were determined
to assess the Chlorella effect on metabolism (Table 4).

The glucose level was within the physiological norm
in all groups at the beginning of the experiment. At the
end of the experiment there was a statistically significant
increase in the glucose level to the upper values of the
physiological norm in Experimental Group IlI following
dry Chlorella introduction into the diet. The test for di-
gestibility coefficient determination (Table 5) of nitro-

Table 3
Hematological parameters in rhesus monkeys

Control Group | Experimental Group Il Experimental Group Il

gen-free extracts (NFE) showed no statistically significant
increase (p > 0.05) in the carbohydrate intake in Group Il
animals (79.90 + 2.03%) as compared to the Control
Group (78.05 + 1.12%). However, the NFE digestibility
coefficient was the highest in Group Il (82.20 + 2.03%)
as compared to the Control Group (p > 0.05). It is known
that Chlorella and its components can produce a hypo-
glycemic effect [23, 24] as well as increase blood glucose
levels in animals [25]. Perhaps the effect of Chlorella intake
depends on its rate in the diet. Thus, more detailed studies
of dry Chlorella effect on carbohydrate metabolism and
assessment of how it is correlated with the dose in the
diet are required.

At the beginning of the experiment the level of bili-
rubin derived from hemoglobin in bile pigment cells
was within the reference values. At the end of the experi-
ment the mean bilirubin level in Experimental Group I
(10.38 + 5.28 uM/L) as compared to the Control Group
(6.98 + 1.47 uM/L) was 48% higher but the differences did
not reach statistical significance (p > 0.05).

Parameters at the beginning at the end at the beginning atthe end at the beginning atthe end Reference
of the of the of the of the of the of the values™
experiment experiment experiment experiment experiment experiment
Leukocytes, x10°/L 98+1.6 108+2.0 126+1.0 134+18 115+16 102+£14 3.1-121
Erythrocytes, x10"/L 6.30 +0.05 6.43+0.17 6.31£0.18 5.84+0.09 6.14+0.39 6.14+0.19 439-7.02
Hemoglobin, g/L 143.0+£1.0 1450+ 1.0 145.0£6.0 137.0£4.0 135.0£9.0 137.0+£4.0 96.0-143.0
Hematocrit, L/L 0.43+0.01 0.43+0.00 0.43+0.02 0.41+0.01 0.41+0.03 0.41+0.01 0.26-0.47
Mean corpuscular volume, x10™L 67.8+0.4 68.2+0.4 68.4+1.1 69.8+1.0 66.0£0.8 67.2+0.8 67.6-71.5
':':rae"r;‘fhr::)‘g't‘;l”g‘g“’"te"t 28403 28+03 29405 25+04 20+04 2304 | 187-260
Anisocytosis of erythrocytes, % 13.0+0.2 13.2+03 13304 13104 134+03 13.6+03 12.7-15.2
Platelets, x10°/L 308.0+18.0 316.0 +26.0 418.0+23.0 366.0 + 60.0 292.0+48.0 273.0+27.0 155.0-619.0
Mean platelet volume, x10L 9.7+0.2 9.9+03 9.0+04 9.8+03 9.5+04 10.0£0.5 8.0-14.8
ESR, mm/h 0.9+0.1 0.9+0.1 1.1£0.1 15403 0.8+0.1 11+£04 0.5-5.0
Data are presented as mean and standard error, n = 5 for all groups.
* reference values are given based on B.-S. Koo et al. [22].
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Table 4
Serum biochemical parameters in primates

Control Group | Experimental Group Il Experimental Group Ill

Parameters at the beginning attheend at the beginning attheend at the beginning attheend Reffrenie
of the of the of the of the of the of the Values
experiment experiment experiment experiment experiment experiment

Glucose, mM/L 443044 3.32£038 5.46£0.78 3.68 £0.33 459+0.46 6.73+0.51* 1.83-6.66
Total bilirubin, pM/L 6.99 +2.74 6.98 +1.47 893+£277 416 £0.66 6.87 £5.11 10.38 +5.28 1.71-11.97

Phosphorus, mM/L 1.17£0.19 0.61+0.12 0.88+£0.18 0.44+0.14 133£0.17 0.77 £0.17 1.06-2.13

(alcium, mM/L 2.56 £0.06 2.01+0.17 247 £0.06 2.04+0.10 2.65+0.11 2.75+0.12 1.75-2.45
Total protein, g/L 89.00 £ 8.00 80.00 £2.00 86.00 = 3.00 82.00£5.00 | 104.00£3.00° | 89.00£3.00 | 39.00-78.00

Data are presented as mean and standard error, n = 5 for all groups.
* reference values are given based on B.-S. Koo et al. [22];

?p < 0.001 as compared to Control Group;

®p < 0.05 as compared to the beginning of the experiment;

¢p < 0.05 as compared to Experimental Group II.

Calcium and phosphorus levels in the blood of animals
in all three groups were within the reference values at the
beginning of the experiment. By the end of the experi-
ment these parameters did not change statistically signifi-
cantly, but the phosphorus level was below the reference
limits in all groups (Table 4) despite higher phosphorus
digestibility coefficients in Groups Il and Ill (Table 5).

The protein levels in the blood of animals both at the
beginning and at the end of the experiment were higher
than the reference values in all groups (Table 4). At the
beginning of the experiment higher protein levels were
observed in sera of Group Il (104.00 + 3.00 g/L) animals
as compared to the Control Group (89.00 + 8.00 g/L,
p > 0.05). Increased serum protein levels in Group Il at
the beginning of the experiment were probably transient
and were not associated with Chlorella action in the diet
of animals.

Daily feed intake and excreted feces were recorded and
the chemical composition thereof was analyzed allowing
to determine the nutrient digestibility coefficients of va-
rious diets (Table 5).

This indicator in the primates of the Experimental
Groups was statistically significantly higher than thatin the
Control Group animals (Table 5). Thus, the digestibility co-
efficients of crude protein were higher by 4.18% (p < 0.05),

Table 5
Digestibility coefficients

those of crude fat - by 4.70% (p < 0.01), crude fiber -
by 4.14% (p < 0.05), crude ash — by 12.32% (p < 0.001) in
Group Il animals that received Chlorella suspension. In
Group Ill where Chlorella powder was included in the diet
composition the digestibility coefficients of crude protein
were higher by 6.83% (p < 0.001), crude fiber — by 4.78%
(p < 0.05), crude ash — by 18.93% (p < 0.001).

The obtained results indicate that the nutrient digesti-
bility improved when Chlorella was introduced in the diet
of primates (as compared to traditional feed); these results
are consistent with the published study results available
on nutrient digestibility when adding Chlorella vulgaris
microalgae into the diet of Boer goats [25], as well as
comply with the previously obtained data on increasing
the digestibility of crude protein, crude fiber and calcium
accessibility when the diet is enriched with Chlorella
powder or suspension [26]. Enhancing the digestibility of
crude protein, which is the most valuable part of the feed,
is the most important effect of introducing Chlorella into
the diet [27].

CONCLUSION

Thus, the inclusion of dry Chlorella as a substitute for
high-protein feeds of plant and animal origin in the pri-
mate diet composition had a positive effect on the nutrient

Crude protein, % | Crude fat, % Crude fiber, % Crude ash, % Crude NFE, % Phosphorus, %

| (Control) 65.34 £ 1.04 38.09+0.98 25.88+£1.01 41.58+0.88 78.05+1.12 4437 £1.94 59.79£2.01
Il (Experimental) | 69.52+0.95% | 42.79+0.79%* | 30.02£0.90% | 53.90+1.00*** | 79.90+2.03 | 53.66+1.58** | 60.51+1.61
Il (Experimental) | 72.17 £0.96*** |  40.70 +0.87 30.66 £ 1.12% | 60.51£1.21%%% | 82.20£2.03 | 58.17 £1.96*** | 67.86+3.12

Data obtained by averaging five measurements for each animal and the mean for the group (n =5).
*p <0.05,** p <0.01, *** p <0.001 as compared to Control Group. Data are presented as mean and standard error.
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digestibility. At the same time, the hematological test re-
sults generally indicate the safety of long-term (35 days)

Chlorella supplementation in primates. The preparation of
complete granular compound feeds supplemented with

Chlorella powder allows balancing the diet in terms of nu-
trients and biologically active substances. Similar patterns

are typical for Chlorella suspension supplementation: the

experiments conducted in this regard showed best results

for digestibility parameters, indicating that the use of this

green algae suspension can significantly increase the me-
tabolism level.
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FanoHos Hukonaii BacunbeBud, KaHamaat bronornyeckux
HayK, CTapLuii HayuHblin coTpyaHuK, OTBHY «HUW MM, r. Coun,
Poccus.

MNaHuyeHko Anna BauecnaBoBHa, KaHAMAAT MEOULIMHCKIX HAYK,
BefyLMIA HayYHbI COTPYAHMK nabopatopun MoneKkynapHomn
6uonorun OrBHY «HUW MMM, r. Couu, Poccus.

ManueHko AHpgpenn BnagumupoBu4, JOKTOP MeAULNHCKUX
HayK, FMaBHbIN Hay4HbI COTPYAHMK NabopaTopun MONeKynapHoOn
6uonorun OrHY «HNW MMy, r. Coun, Poccus.

Yyryes KOpwnit MeTpoeuny, KaHanAAT GMONOrMYECKUX HayK,
BeAyLWMUN HayuHbi coTpyaHuk OTBHY «HUW MMy, r. Couwn,
Poccua.
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