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DIGESTIBILITY AND ABSORPTION
OF NUTRIENTS BY YOUNG CATTLE AT INCLUSION
OF COMPLEX FEED ADDITIVES INTO THE DIETS
IN THE CONDITIONS OF YAKUTIA

M.F. Grigorev, V.A. Soloshenko, A.l. Grigoreva,
N.M. Chernogradskaya, D.I. Stepanova

1t is known that cattle with a high genetic potential of productivity cannot fully
realize it in the conditions of Yakutia. This is facilitated by many factors, especially
it is necessary to highlight the basic feeds, which are poorly provided with nutrients
and minerals. Therefore, the development of technologies and methods to increase
productivity of cattle through inclusion of complex feed additives from natural re-
sources in their diets is of scientific and practical importance for the conditions of
risky agriculture. In this regard, the goal was to study effect of complex feed addi-
tives from local natural raw materials on the digestibility and metabolism of young
cattle. The studies used methods generally accepted in zootechnical practice, setting
up for the experiment was carried out according to the method (M.F. Tomme, 1969).
Experiments were conducted on 3 groups of young cattle. Each group has 10 heads
selected by the method of analogues. When analyzing the data on the digestibility
and absorption of nutrients, it was found that the animals of the experimental groups
digested nutrients better compared to the animals of the control group: dry matter
by 1.44% and 0.1%, organic matter by 2.0% and 1.65%, crude protein by 1.68%
and 1.16%, crude fat by 2.28% and 1.33%, crude fiber by 2.48% and 2.04%, and
nitrogen-free extractives by 1.88% and 1.61%. At the same time, the animals of the
experimental groups used nitrogen better compared to the control group by 2,28%
and 1,05%. The study of the biochemical composition of animal blood showed that
complex feed additives are harmless. Thus, the inclusion of complex feed additives
in the diets of young cattle can improve the indicators of digestibility and the degree
of use of nutrients in the conditions of Yakutia.
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IHEPEBAPUMOCTDb U YCBOEHUME
IIMTATEJIBHBIX BEHIECTB MOJIOAHAKOM
KPYIIHOI'O POT'ATOI'O CKOTA IIPHU BKJIIOYEHUUN
B PAIIMOHBbI KOMIIVIEKCHBIX KOPMOBbIX
JOBABOK B YCJIOBUAX AKYTUHU

M.®. I'puzopves, B.A. Conowenxo, A.1. I'puzopyvesa,
H.M. Yepnozpaockasa, /I.HU. Cmenanosa

H36ecmno, umo KpynHulil poeamsiti CKOM, UMeIouULl 8bICOKULL 2eHemu4ecKuil
nomeHyuan npoOyKMuGHOCMU, He MOJICem peanu308ams €20 6 NOIHOU Mepe 8
yenosuax Axymuu. dmomy cnocobcmeyem MHONCECMB0 PAKMOPos, 0COOEHHO
HYICHO 8bI0ETUMb OCHOBHbIE KOPMA, KOMOpble c1abo obecneuetvbl NumamenbHblMu
u MunepanvhbiMu gewjecmeamu. Iloomomy paspabomxa mexuonozuil u cnocooos,
N038ONANOUUX NOBBLICUMb NPOOYKIMUBHOCHb KPYNHO20 PO2AMO20 CKOMA, 3d cuem
BKIIOUEHUSL KOMIIEKCHBIX KOPMOBLIX 000AB0K U3 NPUPOOHBIX PECYPCO8 6 cOCmas
UX payuonos, npeocmagisien Hay4Ho-npaKmuieckylo sSHaUUMoCmy 01 YCI106Ull
PUCKOBANHHO20 80EHUS CENbCKO20 XO3AUCMEA. B céa3u ¢ smum nocmaesiena yeiv:
U3YYUMD GTUSHUE KOMNIIEKCHBIX KOPMOBBIX 000ABOK U3 MECMHO20 NPUPOOHO20 CbIPbSL
Ha nokasamenu nepesapumMocmu u 0OMeHa 6euyecmes MoI0OHAKA KPYRHO20 PO2amo2o
ckoma. B uccnedoganusx ucnoniv3o8anvl 00uenputsmsle 8 300MexHutecKoll
npaxkmuxe Memoobl, HOCMAHOBKA HA ONblm ObLLA npoussedena no memoouxe (M. D.
Tomma, 1969). Onvimul npogedenvt na 3 epynnax MoioOHAKA KPYRHO20 PO2amo2o
ckoma. B kaorcootl epynne 10 20106 nododpannvix memooom ananozos. Ipu ananusze
OaHHBIX 1O NEPesapuUMOCU U YCE0CHUIO NUMAMETbHBIX 8elyecms, YCMAaH081eHO,
UMO JHCUBOTHBIE ONBIMHBIX SPYAN JyHULe NEPeGAPUBALY NUMAMETbHbLE 6eUeCMEd
1O CPABHENUIO C JHCUBOMHBLIMU KOHMPONbHOU 2PYRNOL. CyXoe geujecmea Ha
1.44% u 0.1%, opeanuueckoe sewecmeo na 2.0% u 1.65%, cvipoii npomeun na
1.68% u 1.16%, cvipou ocup na 2.28% u 1.33%, coipas knemuamka na 2.48%
u 2.04 % u 6ezazomucmoix sxcmpakmusHulx eewpecms Ha 1.88% u 1.61%. Ilpu
9MOM JICUBOMHBIE ONBIMHBIX 2PYAN JyHUe UCHOIb308ANU A30M O CPAGHEHUIO C
Konmponvnou epynnoti na 2,28% u 1,05%. HUzyuenue buoxumuueckoeo cocmasa
KpOBU JICUGOMHBIX NOKA3ATIO, YMO KOMNIEKCHble KOpMOGble 000a6KlU De36pedHbi.
Taxum 06pasom, 6KII0UeHUe KOMNIIEKCHBIX KOPMOBbIX 000ABOK 6 PAYUOHBI MOIOOHAKA
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KPYRHO20 PO2amo2o CKOma no3gosI0m Yayuiuums noKa3ameny nepesapumocmu u
cmeneny UCNnoNb3068aHUs NUMAMELHLIX BeUecms 6 YCA08UAX AKymuu.

Kniouesvie cnosa: xpynuwiil poeamuiti ckom, nepesapumocims, Kopma, oomeH
sewecms; d¢hpexmusrocno
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Introduction

Cattle breeding are one of the most important areas of animal husbandry in the
Republic of Sakha (Yakutia). A significant share of livestock production is pro-
duced in the Central and Vilyuysk groups of districts. For the effective develop-
ment of cattle breeding and providing the population with local safe meat and dairy
products, the state target development program “Socio-economic development of
the village of the Republic of Sakha (Yakutia) for 2012-2016” includes measures
to improve breeding work, feeding and keeping of cattle for the entire region.

The analysis of 30 years of the dynamics of the cattle livestock showed that
every year the number of animals decreased. This trend was also observed in
other areas of animal husbandry. From 1999 to 2004, there was a positive trend
in the growth of the total livestock by 10.16%, and the number of dairy cows
increased by 4.54%. The analysis of these indicators in 2004-2008 showed that
the reduction in the total number of livestock was 21.69% and cows decreased
by 14.16%. From 2008 to 2009, there was a positive trend in the growth of the
total number of livestock by 0.48%, including dairy cows increased by 0.1%.
As of 2020, there were 183.3 thousand heads of the total number of cattle in
the republic, of which 70.7 thousand heads were dairy cows, which is less than
figures of last year for the total number by 0.11%, while the number of dairy
cows increased slightly by 0.57% [7].

In the cattle breeding of Yakutia, the stable-pasture system of animal keep-
ing is traditionally used. In farms, captive and yard cattle housing are used. In
summer, the grazing method of keeping cattle is used for fattening and feeding.
Winter is the most difficult period of cattle breeding in the republic due to the
length of the period, the meager range of feed (coarse feed in the structure of
the diet is from 75% to 100%) and the poor quality of feed, and we also note
the insufficient coverage of artificial insemination of cows [13, 14].
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Scientific novelty

The analysis of literature sources [4, 10, 12] showed that scientific research
on increasing meat productivity, arrangement of cattle fattening was based sole-
ly on selection and breeding work, without paying attention to the issues of
feeding, including mineral and vitamin nutrition of animals.

Consequently, the weak provision of basic and insurance feed in livestock
farms, as well as the unbalanced diets of animals, the existing lack of macro -
and microelements in plant feed has a negative impact on the realization of the
genetic potential of cattle productivity in the conditions of Yakutia.

The data on the effectiveness of experiments are ambiguous and for indi-
vidual feed additives there are different recommendations for their inclusion in
the diets of animals and birds. At the same time, it is known that complex feed
additives have different chemical composition, structure, adsorption and cation
exchange abilities. It should be noted that until now, for many feed additives,
there is no data on their impact on the physiology and productivity of animals,
as well as on the economic indicators of production 1, 2, 5,6, 8,9, 11, 15 - 20].

The aim of research: to determine the effect of complex feed additives on
the indicators of digestibility and absorption of nutrients in young cattle in the
conditions of Yakutia.

The objectives of research:
- to study the digestibility and absorption of nutrients by animals;
- to study the absorption of nitrogen, calcium and phosphorus by animals.

Material and research methods

To conduct the scientific and economic experiment, 3 groups of Simmental
young bulls of 10 heads each were formed. When forming identical groups, the
indicators of age, live weight and physiological characteristics of the animals
were taken into account. The duration of the scientific and economic experi-
ence is 300 days. Animals from the II and III experimental groups received
50 and 100 g of coniferous flour with the basic diet, respectively, by groups,
hongurin at a dose of 0.7 g per kg of live weight and in addition to this 35 g of
Kempendyask salt.

To study the detailed effect of complex feed additives on the productive
parameters and physiological state of fattening young animals, we studied the
morphological and biochemical composition of the blood, the digestibility of
nutrients, as well as the exchange of nitrogen, calcium and phosphorus. Study of
the morphological and biochemical composition of blood from 3 heads of each
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group. The studies were conducted according to generally accepted methods.
Blood was taken from animals from each group in the morning before feeding.
In the blood of cattle, the content of total protein, reserve alkalinity, albumins
and globulins was determined.

Feed additives consisted of coniferous flour, hongurin zeolite, and Kempen-
dyask salt. Coniferous flour contains dry matter —20.7%, crude protein — 6.9%,
carbohydrates — 32.8%, crude fat — 9.6%, crude fiber — 10.5%, organic acids —
9.6%, other organic substances — 2.5%, crude ash — 7.4 mg%, calcium — 0.5%,
phosphorus — 0.4%, potassium — 2.3%, magnesium — 0.3%, iron — 174 mg, cop-
per — 12.6 mg, manganese — 197 mg, carotene — 168 mg, Vitamin E — 220 mg,
Vitamin B — 8.0 mg%, Vitamin C — 127.3 mg, Vitamin P — 27.8 mg.

The characteristics of the zeolite feed additive are presented in the paper [3].

The results and discussion

The scientific and economic experiment was conducted to determine the
effectiveness of complex feed additives consisting of local natural resources,
such as coniferous flour, hongurin and Kempendyask salt in feeding fattening
young animals of the Simmental breed of cattle on the basis of the Lonkur
farm of the Suntarsk district of the Republic of Sakha (Yakutia). The research
was carried out from January to October. Balance experience in March (11
months of age).

The average daily diet of experimental young bulls per head in the winter
period of housing is presented in Table 1.

During the winter period of housing, there is a shortage of copper, zinc,
cobalt, manganese, iodine, as well as carotene and vitamin D in the diet of
animals. The inclusion of complex feed additives affected positively the pro-
vision of the diets of animals with all nutrients, minerals and biologically
active substances.

Thus, for some elements of animal feeding, there is a correspondence in
the level of energy and nutrients; there is a deficit in some minerals in the diet.

To determine the effectiveness of a complex feed additive from local re-
sources, the indicators of feed digestibility were determined. The experiment to
determine the digestibility of nutrients of the components of the diet of young
bulls of the Simmental breed was carried out at the age of 11 months according
to the generally accepted zoological and technical method by setting three heads
from each experimental group for the experiment. The inclusion of complex
feed additives affected the intensity of digestion of the nutritional components
of the diet by the animals (Table 2).
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Table 1.
Average daily diet of 12 months old young bulls
Groups
Indicators Standard 1- II - III -
control | experimental | experimental
Meadow hay, kg 5 5 5
Mixed feed, kg 1.5 1.5 1.5
Mixed grass haylage, kg 3 3 3
the diet contains:

Exchange energy, MJ 46 52.75 52.75 52.75
Dry matter, kg 6.1 6.92 6.93 6.94
Digestible protein, g 550 573.32 584.45 592.5
Crude fiber, g 1155 1769.5 1789.78 1824.2
Starch, g 715 808.77 812.56 825.83
Sugars, g 495 236.1 237.83 238.93
Crude fat, g 230 268.66 275.34 289.1
Calcium, g 41 42.58 44.22 453
Phosphorus, g 23 23.9 24.86 25.97
Sulfur, g 22 29.46 30.95 32.56
Ferrum, g 330 482.89 488.76 496.89
Copper, g 45 43.82 46.45 48.5
Zinc, g 250 249.26 259.12 269.78
Cobalt, g 3.3 1.77 33 3.32
Manganese, g 220 247.74 259.53 267.77
Iodine, g 1.8 1.6 1.8 1.85
Carotene, mg 150 148.77 156.2 167.38
Vitamin D, thousand 1U 34 2.15 3.42 3.49
Vitamin E, mg 195 209.89 216.25 229.6
Vitamin B, mg 13.8 14 14.98
Vitamin B,, mg 43.77 44.85 45.79
Vitamin B,, mg 67 68.78 69.65
Vitamin B, g 5.9 6.1 6.55
Vitamin B_, mg 164.8 165.99 169.86

The experimental data indicate the high effectiveness of complex feed ad-
ditives on the indicators of the intensity of digestion of nutrients in the diet by
the young bulls of the experimental groups in comparison with the animals of
the control group. Thus, the animals of the II and III experimental groups were
better digested: dry matter by 1.44% and 0.1%, organic matter by 2.0% and
1.65%, crude protein by 1.68% and 1.16%, crude fat by 2.28% and 1.33%, crude
fiber by 2.48% and 2.04%, and nitrogen-free extractives by 1.88% and 1.61%.
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Table 2.
Coefficients of digestibility of nutrients in the diet of young bulls, % (M+m)
Groups Dry | Organic Crud.e Crude | Crude Nitrogen.-free

matter | matter |protein| fat fiber extractives
I - control 56.42 60.34 65.39 | 58.13 | 58.26 60.31
+1.44 +1.2 +1.77 | £1.8 | £1.03 +2.38
11 - experimental 57.86 62.34 67.07 | 60.41 | 60.74 62.19
+1.42 | £1.14 | £1.14 | £1.3 | £0.76 +1.87
111 - experimental 56.52 61.99 66.55 | 59.46 | 60.30 61.92
+1.58 | +0.89 | £1.39 | +2.2 | +0.85 +1.4

There is also a difference at comparing the coefficients of digestibility of
nutrients between the young bulls of the experimental groups. The young bulls
of the experimental group II digested the components of the diet better than the
animals of the experimental group III: dry matter by 1.34%, organic matter by
0.35%, crude protein by 0.52%, crude fat by 0.95%, crude fiber by 0.44% and
nitrogen-free extractives by 0.27%. The conducted experiment showed that in
the diet of young bulls, the optimal standard is the proportion of feed additives
consisting of coniferous flour (50 g), hongurin (0.7 g per kg of live weight) and
35 g of Kemendyaysk salt. The intensity of digestion of the nutritional compo-
nents of the feed in the young bulls of the experimental groups was affected by
the insertion of complex feed additives into their basic diet.

The data of the balance experiment showed that the nitrogen balance in all
groups of experimental fattening young bulls was positive, while the indicator
of nitrogen retention in the body was different, the data are presented in Table 3.

Table 3.
Use of nitrogen by animals, g (M+m)
Groups
Indicators . .
I - control II - experimental | III - experimental

Taken with food, g 139.73+1.72 143.32+1.42 141.88+1.52
Excreted with feces, g 37.54+1.67 36.57+1.38 37.96+1.45
Digested, g 102.19+1.59 106.55+0.88 103.92+1.26
Excreted with urine, g 73.36+2.27 73.77+0.82 73.18+1.68
Balance (+/-), g 28.83+0.87 32.78+0.99* 30.75+1.07
Used:

from the absorbed, % 20.64+0.6 22.92+0.84 21.69+0.96
from digested, % 28.25+1.18 30.76+0.8 29.60+1.1

Note: *P>0.95
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Nitrogen intake in all groups was almost the same, but the indicators of ni-
trogen use in individual groups were different. The young bulls from the IT and
IIT experimental groups compared to the control group used nitrogen better from
the taken by 2,28% and 1,05%, and from the digested by 2,51% and 1,35%. At
the same time, in the control group of animals, nitrogen retention in the body
was 28.83 g, while in the animals of the II and III experimental groups, this
indicator was at the levels of 32.78 and 30.75 g. Consequently, the use of com-
plex feed additives from local raw materials as part of the basic diet of young
bulls affected positively the indicators of nitrogen use and retention in the body,
which explains the intensive increase in live weight of animals from the exper-
imental groups. According to the use of nitrogen, the best animals from the 111
experimental group received a feed additive including coniferous flour (50 g),
hongurin (0.7 g per kg of live weight) and Kemendyask salt (35 g).

Along with the determination of nitrogen, it is also important to determine the
level of use of such biogenic macronutrients as calcium and phosphorus. Data on
the use of calcium by experimental fattening young bulls are given in Table 4.

Table 4.
Use of calcium by animals, g (M+m)
. Groups
Indicators I - control | II - experimental | III - experimental

Taken with food, g 58.36+1.18 59.26+1.12 58.75+1.16
Excreted with feces, g 38.94+2.33 33.71+£2.23 36.75+2.26
Digested, g 1.46+0.09 1.22+0.06 1.414+0.07
Excreted with urine, g 40.4£2.35 34.93+£2.28 38.16+2.31
Balance (+/-), g 17.96+3.52 24.33+3.02 20.59+2.83
Used from absorbed, % 30.55+5.48 40.94+4.46 34.96+4.35

The intake of calcium from feed varied in the range of 58.36-59.26 g. But there
were differences between the groups by its use. At the same time, the calcium bal-
ance in all groups was positive, which indicates a normal metabolism of the animals.
The retention of calcium in the groups was the control group — 17.96 g, the II ex-
perimental group —24.33 g, the III experimental group —20.59 g. There was also a
difference in phosphorus uptake between different groups of young bulls (Table 5).

The level of calcium intake from feed averaged 26.53-27.29 g. At the same
time, there was a difference in its use. So in the control group of animals, this
indicator was equal to 21.75% and the young bulls of the II and I1I experimental
groups exceeded this indicator by 18.12% and 9.61%. The retention of calcium
in the body of animals was: control group — 5.96 g, Il experimental group —
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10.99 g, III experimental group — 8.77 g. Based on the presented data, the ani-
mals of the II and IIT experimental groups used calcium and phosphorus better
compared to their peers of the control group that received only a household diet.

Table 5.
Use of phosphorus by animals, g (M+m)
. Groups
Indicators I - control | II - experimental | III - experimental
Taken with food, g 26.53+2.35 27.2942.21 27.2742.33
Excreted with feces, g 16.64+0.56 12.57+0.44** 14.66+0.5
Digested, g 3.94+0.24 3.72+0.25 3.84+0.21
Excreted with urine, g 20.57+0.79 16.3+0.69* 18.51+0.52
Balance (+/-), g 5.96+1.64 10.99+1.56 8.77+£2.04
Used from absorbed, % 21.75+4.11 39.87+£2.67* 31.36+4.71

Note: *P>0.95; **P>0.99

In order to determine the effect of complex feed additives from local raw
materials (coniferous flour, hongurin and Kempendyaysk salt), the biochem-
ical composition of the blood of experimental animals was studied (Table 6).

Table 6.

Biochemical composition of the blood of experimental animals (M+m)

Total | Reserve al- Globulins % .
. . . Albu- Protein
Groups protein, | kalinity, vol. mins % ratio
g% | % CO, ol o | By
at the beginning of accounting
7.2- 46- 30- | 12- [ 10- | 25- | 0.9-
Standard 8.6 66 50 | 20| 16|40 | 12
I - control 7.23 4733 4347 [123]103[25.2] 091
£0.17 £0.62 £0.32 [+0.35| 0.2 |£0.21| £0.02
11~ experimental 73 47.73 437 [12.37]10.3725.2| 0.91
experime £0.31 +0.68 £0.25 |+0.49| £0.3 |+0.31| £0.02
- imental 7.2 472 43.33 [12.23]10.23] 25.1| 0.91
- experimenta £0.25 +0.53 £0.24 [£0.37]£0.27| £0.3 | £0.02
at the end of the accounting
I - control 7.43 48.1 46.1 [13.57]11.33[26.33| 0.90
£0.27 £0.6 £0.12 |+0.34/+£0.37|£0.27| +0.02
- rimental 7.83 48.87 475 [13.87| 11.5|26.7] 0.91
experime +0.33 £0.55 | £0.15% [+0.43]+0.35/+0.44| +0.02
- imental 7.57 48.40 46.73 |13.7]11.4726.6| 0.90
- experimenta +0.33 +0.7 +0.19% |+0.45/£0.38[20.46| +0.02

Note: *P>0.95
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Analysis of the biochemical composition of the blood of experimental ani-
mals showed that all the studied blood parameters did not go beyond the estab-
lished norms. At the same time, there was a slight difference in the total protein
content in the blood. The control group of young bulls on this indicator was
inferior to the animals of the experimental groups by 0.4% and 0.14%.

Thus, it is established that experimental complex feed additives do not neg-
atively affect the animal body.

Conclusions

The inclusion of complex feed additives in the diets of young cattle helped
to improve the indicators of nutrient digestibility. At comparing the data of the
control group and the II and III experimental groups, it was found that the an-
imals that received the additives used better dry matter by 1.44% and 0.1%,
organic matter by 2.0% and 1.65%, crude protein by 1.68% and 1.16%, crude
fat by 2.28% and 1.33%, crude fiber by 2.48% and 2.04%, and nitrogen-free
extractives by 1.88% and 1.61%.

These changes also affected the ability to retain nitrogen, calcium and phos-
phorus in the body of animals. The animals of the experimental groups com-
pared to the control group used nitrogen better from the absorbed one by 2,28%
and 1,05%. In terms of calcium absorption, the experimental groups exceed the
control group by 10.39% and 4.41%.

The study of the biochemical composition of the blood of animals found that
all the studied indicators did not go beyond the limits of the standards.

Thus, the inclusion of complex feed additives in the diets of young cattle
contributes to the improvement of digestibility and nutrient metabolism in the
conditions of Yakutia.

Practical significance and prospects for further research. According to
results of research, we recommend including in the composition of rations
young cattle: 50 g of coniferous flour, hongurin at a dose of 0.7 g per kg of live
weight and 35 g of Kempendyask salt.

Further research will be aimed at studying optimal norms for the inclusion
of complex feed additives in rations of cows.
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