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SUMMARY

The results of the study on effects of fishmeal on nutrient digestibility and intake in primates are given in the paper. Fishmeal is a feeding stuff, manufactured from
fish, marine mammals, invertebrates not suitable for human consumption and by-products of their processing. Fishmeal nutrient composition includes natural
substances and minerals, including phosphorus, calcium, iodine, selenium, several essential amino acids, as well as vitamins A, D and B complex. Fishmeal is known
to be rich in digestible energy and proteins. One kilogram of fishmeal contains 700 grams of raw protein and up to 15 M) of digestible energy. It should be noted
that fishmeal is easily digested by animals. Nevertheless, there is a lack of data in publications on use of fishmeal as high protein feed in rations of primates. In this
regard, the aim of the study was to analyze the effects of fishmeal on digestibility of mixed feed nutrients in male rhesus-macaques and to use the obtained results
for understanding of prospects of fishmeal further use for feeding primates. The chemical composition and nutritional value of the total mixed ration was determined.
The economic effectiveness of the fishmeal use in the rations of primates was calculated. Based on the experimental data, it was established that the inclusion of
fishmeal (18% out of total) into the diet contributes to the improvement of feed intake in experimental primates and reduces the costs of complete granular feed.

Keywords: digestibility, retention, fishmeal, diet, rhesus macaque (Macaca mulatta), primates

For citation: Gaponov N.V., Gamko L. N. Nutrient digestibility of fishmeal rations in primates. Veterinary Science Today. 2021; 10 (3): 239—242.DOI: 10.29326/2304-
196X-2021-3-38-239-242.

Conflict of interest: The authors declare no conflict of interest.

For correspondence: Nikolay V. Gaponov, Candidate of Science (Biology), Leading Researcher, Laboratory for Lupine Processing and Use in Food, All-Russian Lupine
Scientific Research Institute — Branch of the Federal Williams Research Center of Forage Production and Agroecology, 241524, Russia, Bryansk Oblast, Michurinsky
settlement, Berezovaya, 2, e-mail: nv.1000@bk.ru.

Y[IK 636.978:636.084:599.824

[lepeBapnuMoCTb NUTATeSIbHbIX BeLLECTB PaLMOHA
C pbIOHOI MYKOW Y MPUMaToB

H. B. TanoHos'?, J1. H. Tamko®
' OTBHY «HayuHo-uccnegoBaTenbckmii MHCTUTYT MeguLmMHcKoii npumatonorui» (OFBHY «HUW MIT»), r. Coun, Poccua

2 Bcepoccuiickmii HayuHo-MCCef0BaTeNbCKII MHCTUTYT NilonuHa — dunnan OTBHY «DeaepanbHblii HayuHblil LIEHTP KOPMONPOU3BOACTBA U arpo3Konoruu umekn B. P. Bunbamcar

(BHUW ntonuna — dunnan OHL «BUK um. B. P. Bunbamcar), noc. Muuyputckiii, bpanckas o6n., Poccus

3 Orb0Y BO «bpsHckuii rocyapcTBeHHblit arpapHblil yuusepcutet» (OF6OY BO Bpanckuii FAY), ¢. KokuHo, bpsatckas 061., Poccus
2 ORCID 0000-0002-5086-7943, e-mail: nv.1000@bk.ru

3 ORCID 0000-0002-1887-0587, e-mail: gamkol@mail.ru

PE3IOME

[TpeacTaBneHbl pe3ynbTatbl U3yyeHna BAMAHUA PbIGHOA MYKI Ha NepeBapUMOCTb 1 YCBOEHKE NUTATENbHbIX BELLECTB KopMa Y npumatoB. PbibHas Myka — Kop-
MOBOI NPOAYKT, BbIpabaTbiBaeMblil U3 NPOMBILLNEHHbIX UMW COPHBIX BUAOB Pbl6bl, MOPCKIX MNEKONUTAHOLLMX, 6ECO3BOHOUHDIX, OTXOLOB WX NepepaboTKM.
B coctaB pbl6HOIA MyKM BXOAMT KOMMIEKC MPUPOAHBIX BELLECTB 11 MIHEPaoB, B TOM uucie Gocdop, KanbLiuii, iH0g, ceneH, paj He3aMeHNMbIX aMUHOKUCNOT,
a Takke BuTtamuHbl A, D 1 rpynnbi B. U3BecTHo, uTo pbibHas myka 6orata o6meHHoIt SHeprueit u npoTenHoM. B ofHoM Kunorpamme Myku copepxutca go 700 1
cbiporo npotenHa i 4o 15 MIx 06meHHoii Heprum. CneflyeT 0TMETUTD, UTo pbl6HasA MyKa Nerko nepeBapuBaeTCA U XOpoLLO YCBaUBAETCA OPraHN3MOM XUBOTHDIX.
(OnHako B UTepaType MMeeTca HeoCTaToYHOe KONMYECTBO AaHHDIX N0 UCM0MIb30BAHMIO PbIGHOI MYKY B paLyioHaX NPUMaToB B kauecTBe BblCOKOMPOTEMHOBOr0
KopMa. B 370/l cBA3N Lieblo MCCNefoBaHuiA ABAANOCH M3YyeHue BANAHNA PblOHOI MYKK Ha NepeBapuMOCTb NUTaTeNbHbIX BeLLeCTB KoMOUKopMa y camLioB
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MaKaK0B-p€3yCoB 1 Ha OCHOBaHW NOJTyYeHHbIX AdHHbIX ONpeaenexie nepcnekTuBbl [NanbHeilLLero ncnonb3oBaHuA B KOPMANEHUN Npumatos. bbin N3y4eH Xu-
MUYECKNii COCTaB n onpeAaeneHa NUTaTeibHOCTb NOYYEHHOT0 NOHOPALIMOHHOTO KOMﬁI/IKOpMa. PaccuntaHa 3koHOMUYecKasa 3¢¢EKTI/IBHO(Tb ncnonb3oBaHKA
pr6HOI7I MYKW B paLiiOHaxX npyumMaTtoB. Ha ocHoBaHuu 3KCNEPUMEHTA/IbHbIX IaHHbIX YCTAHOBJIEHO, YTO BBEAEHE B3aMEH BbICOKOOENKOBbIX KOMNOHEHTOB 18%
pr6HOl7I MyKU obecneunBaet ynyylueHne npoLecca ycBOeHNA NUTaTeNbHbIX BeLLECTB KOpMa y NOA0MNbITHbIX NPUMATOB 1 o06ecneynBaeT CHUXKeHUe cebecToMMocT

MOMHOPALIMOHHOIO rPaHyNPOBAHHOIO KOM6MKOpMa.

KnioueBbie cnoBa: nepeBapumMoCTb, peTeHuma, pblﬁHaﬂ MyKa, paulioH, MaKak-pe3yc, npMatbl
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INTRODUCTION

Quality feeding rations underpin the profitability of
keeping primates and other animal species. One of the
most important components of high-quality feed is fish-
meal, produced by modern fish rendering plants and
having valuable nutritional properties. It was found that
fishmeal protein is digested by animals much better than
vegetable proteins. Experience shows that fishmeal added
to the diet increases the efficiency of using other feeds,
poor in protein and fat, and its inclusion in the mixed
feed facilitates the animal growth and weight gain and
improves their general condition [1-3]. As a result of bio-
chemical studies, the so-called albumin factor was found
in fishmeal feeds, which is responsible for the absorption
of vegetable protein, vitamin B12 and other water-soluble
B complex vitamins by animals. For this reason, fishmeal
is not only a source of a complete animal protein, but also
a catalyst for biochemical processes [4, 5]. For example,
studies of the Leningrad Zootechnical Institute showed
that animals that absorbed 31.8% nitrogen from vegetable
feed, after adding cod meal in an amount of 5% to the
feed, began to absorb up to 36.3% of nitrogen, i.e. the di-
gestibility of vegetable proteins increased by 12.5% [1, 6].
Therefore, the inclusion of fishmeal in the feed diet con-
tributes to the growth of healthy animals. Fishmeal has
a unique composition. First, it is a surprisingly wide com-
plex of natural substances and minerals: phosphorus, cal-
cium, a set of amino acids, iodine, selenium, as well as A,
D and B complex vitamins. Thanks to these elements, the
digestive processes are improved and the immune sys-
tem is strengthened. By the content of digested protein,
fishmeal ranks among the highest in feedstuffs. For exam-
ple, 1 kg of fishmeal contains at least 535 g of digestible
protein.Therefore, animals that receive fishmeal as part of
their diet are less susceptible to diseases, and due to the
optimal ratio of amino acids, young animals develop faster.
Fishmeal is considered a valuable preventive tool against
thyroid diseases, since it contains iodine in the form of or-
ganic compounds. For example, cod fat contains from 4.5
to 15.2 mg of iodine per 1 kg of fat [6, 7].

The chemical nature of fishmeal extractive substances
has not yet been sufficiently studied. However, a favorable
effect of premium quality fishmeal on the appetite of ani-
mals has been established. Fishmeal-receiving animals
absorb a significant amount of feed nutrients well and
have a high growth rate. Thanks to its components, it pro-
motes the development of vital body systems, activation
of the immune system, and increases the digestibility of
nutrients [8-11]. The digestibility of high-quality fishmeal
reaches 90%. In addition, the introduction of fishmeal into
the diet has a positive effect on the feed conversion, and
the lower the conversion rate, the more efficient the pro-
duction. Therefore, fishmeal is widely used in the manu-
facture of mixed feeds, which have become widespread
in our country.

The aim of the study was to study the effect of partial
or complete replacement of the main feed ingredients
with fishmeal and to determine the dietary nutrient di-
gestibility.

For this purpose, the following tasks were set:

- to study the digestibility of nutrients in the fishmeal
diet on male rhesus monkeys;

- calculate the economic efficiency of using fishmeal for
feeding primates;

- to carry out mathematical analysis of the data ob-
tained.

MATERIALS AND METHODS

The object of the study was male rhesus monkeys
(Macaca mulatta) aged from 7 to 15 years. For the experi-
mental purposes, two groups of five animals were formed
using the method of analogous pairs by gender, origin,
age and physiological state at the animal facilities of the
FGBRI “Research Institute of Medical Primatology”. The ex-
periment was carried out in accordance with the gener-
ally accepted research methods developed by L. K. Ernst
Federal Research Center for Animal Husbandry and other
organizations [7, 12, 13].

Tests of fishmeal and other feed components were car-
ried out at the Research Institute of Medical Primatology.
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Based on the obtained laboratory data and reference pub-
lications, a feed ration for primates was formulated.

The inorganic compounds of the total mixed ration
were determined using a vacuum wave-dispersive X-ray
fluorescence spectrometer “SPECTROSCAN MAX-GVM”
(NPO “SPEKTRON” LLC, Russia) in accordance with the

“Method for measuring the mass fractions of Mg, Al, Si, Zn, P,
S, Cl, K, Ca, Ba, Ti, Cr, Mn, Fe, Ni, Br, Rb, Srin vegetable powder
samples by X-ray fluorescence using X-ray spectrometers
SPECTROSCAN MAX (M-049-RM/12)", FR.1.31.2014.17343.
The rest of the parameters were determined using the NIRS
DS2500F feed analyzer (FOSS, Denmark).

During the test period, the control group primates
received a total mixed ration feed prepared at the pro-
duction site of the institution using the Miinch-Edelstahl
GmbH feed pelletizer (Germany). The feed was composed
of primary components: wheat, soy meal, skimmed milk
powder, sunflower cake, corn, corn gluten, egg powder,
sugar and sunflower oil. Wheat accounted for 21.4% of the
ration energy value. In total, soy meal and sunflower cake
(the amount of fat 10%) accounted for 17.42 and 13.83% in
the mixed feed, respectively. A significant part of the ration
energy value (14.39%) was skimmed milk powder. The diet
of the control group animals was energetically balanced
with the introduction of sunflower oil (0.8%). The remai-
ning 32.16% of energy accounted for corn gluten (11.24%),
corn (13.35%), egg powder (3.3%) and sugar (4.27%).

Test group primates received fishmeal with mixed
feed, which made up 18% of the ration nutritional value.
According to the experimental design, thanks to the in-
clusion of 60-65% of fishmeal, the content of skimmed
milk powder decreased by 100%, sunflower meal - by 10%,
egg powder - by 70%, corn gluten - by 2%. The diet was
balanced in terms of crude protein according to generally
accepted norms; the deficit of crude fiber was insignificant,
but within the acceptable limits. For the remaining nutri-
ents, the deviations were within the limits established by
the regulatory requirements [14].

Experiments on animals were carried out in accordance
with the intergovernmental standards foraccommodation
and care of laboratory animals GOST 33215-2014 and
GOST 33216-2014, adopted by the Intergovernmental
Council for Standardization, Metrology and Certification,
as well as in accordance with the Declaration of Hel-
sinki (2000) and Directive 2010/63/EU of the European
Parliament and of the Council of 22.09.2010 on the protec-
tion of animals used for scientific purposes. The study was
approved by the bioethical commission of the Research
Institute of Medical Primatology.

The obtained results were processed statistically and
expressed as arithmetic averages and their standard er-

Table
Nutrient digestibility of primates’ rations, % (X + Sx)

rors. The statistical significance of the differences was de-
termined using a one-factor analysis of variance with sub-
sequent posteriori corrections for multiple comparisons
using the Tukey and Sidak method. The accepted level of
statistical significance is p< 0.05.

RESULTS AND DISCUSSION

To determine the absorption and digestibility of di-
etary nutrients, a physiological study was performed on
ten M. mulatta primates. The amount of feed consumed
by the animals and the amount of feces excreted by them
were recorded daily. Then, the chemical composition of
the feed and feces was analyzed, which allowed to deter-
mine the amount of nutrients consumed and excreted per
day. Based on the obtained data, the amount of absorbed
nutrients and the digestibility coefficients were deter-
mined (Table).

The analysis of the data presented in the table showed
that the best results in digestibility for most of the stan-
dardized organic matter were observed in the primates of
the experimental group. In this group, the digestibility of
crude protein and fat was higher than in the control group
by 1.66 and 21.92%, respectively (p< 0.01). It should be
noted that nitrogen-free extracts in the structure of which
starch plays an important role, were absorbed by 11.74%
better in the control group than in the test group.

The research results indicate that the inclusion of fish-
meal in the structure of rations for primates (18% by nutri-
tional value) had a positive effect on the digestibility and
use of basic nutrients.

Since the economic indicators of primate feeding effi-
ciency are among the main indicators of the system reg-
ulating the profitability of their keeping, the production
costs of the tested total mixed ration feed with fishmeal
added were calculated in comparison with the control one.

In the structure of the control group ration, the most
expensive component is skimmed milk powder, its share
in the composition accounts for 14.39% (24 rubles 20 ko-
pecks from the cost of 1 kg of mixed feed). The next most
expensive component is soy meal, which accounts for
17.42% of the nutritional value, the cost of it amounted
to 9 rubles 66 kopecks. The highest purchase price was
set for egg powder, but due to its insignificant content in
the structure of the diet (3.3%), it cost 6 rubles 98 kopecks.
The costs of the remaining components of the diet are at
an acceptable level, which is due to their initially low cost
or low percentage content in the feed composition. Thus,
the price of 1 kg of total mixed ration feed for the control
group was 70 rubles 96 kopecks.

When creating a new formula of the mixed feed for pri-
mates of the experimental group, the diet was significantly

Indicators Crude protein Crude fat Crude fiber Crude ash Calcium Phosphorus
Control 27.34+1.04 20.09 +0.98 16.88 £ 1.01 49.58 +0.88 54.05+1.12 18.37+£1.94 21.79+2.01
Test 29.00+1.14 | 42.01+£1.85** | 52.13+1.26 53.63+1.03 431+£1.27 94.14 +1.18% 90.00 + 1.84

NFE — nitrogen-free extracts.
*p < 0.05;%* p < 0.01.
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changed. In particular, fishmeal replaced soy meal by
7%, sunflower cake — by 10%, egg powder - by 50% and
skimmed milk powder - by 100%. In the structure of the
feed ration, fishmeal (60-65%) in terms of nutritional ener-
gy value was 18%, the price was 6 rubles 84 kopecks. The
cost of 1 kg of total mixed ration feed as a result amoun-
ted to 48 rubles 38 kopecks. Thus, due to the inclusion of
fishmeal in the composition of the mixed feed, it became
possible to reduce the cost of 1 kg of the feed by 22 rubles
58 kopecks.

The cost of feed conversion depends on the cost of feed
and their nutritional value. In the control group, the cost of
1 MJ was 5 rubles 32 kopecks. The cost of digestible energy
in the experimental group was lower and amounted to
3 rubles 63 kopecks per 1 MJ. A similar pattern was ob-
served for crude protein. The low cost of 1 g of protein was
observed in the experimental group, it was 14 kopecks,
and in the control group - 26 kopecks.

CONCLUSION

From the analysis of the data obtained by the experi-
ment, it can be concluded that the inclusion of fishmeal in
the composition of a total mixed ration feed for primates
allows to enrich the diet with nutrients, improve the di-
gestibility of nutrients and reduce the cost of feed without
losing its quality.
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