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PULMONARY GAS EXCHANGE IN HEIFERS

AND MILK PRODUCTIVITY OF FIRSTBORN COWS

OF THE SIMENTAL BREED OF THE PRECARPATHIANS
OF DIFFERENT CONSTITUTION TYPES

The results of research on pulmonary gas exchange in heifers and milk
productivity of Simmental firstoorn cows of Precarpathians of different types of
constitution, which were evaluated according to the physiological and selection
index developed by us, are presented. The control group included heifers and
firstborn cows with a low physiological and selection index — a narrow-bodied type,
and the experimental group, respectively — with a high physiological and selection
index, wide-bodied type. In terms of depth of breathing, pulmonary ventilation,
oxygen consumption, carbon dioxide excretion, total energy and heat production,
individuals of the broad-bodied type in postnatal ontogeny significantly
outnumbered their narrow-bodied counterparts.

The research results show that the yield of milk per lactation in the first-born
cows of the experimental group was higher than that of the control counterparts by
18.29 %. The content of fat and protein in the milk of the cows of the experimental
group was higher, compared to the control analogues. Ultimately, the output of milk
fat and protein in the first-born cows of the experimental group was also higher than
in the control counterparts. Thus, first-born cows of the Precarpathians Simmental
breed of the wide-bodied type had a higher index of quantitative and qualitative
components of milk than their counterparts of the narrow-bodied type.

According to indicators of gas-energy exchange in postnatal ontogeny, wide-
bodied animals (experimental group) significantly outnumber narrow-bodied
counterparts (control group). This indicates that the animals of the experimental
group have a much more intensive metabolism than the control counterparts. The
indicators of milk productivity in the cows of the experimental group were higher
than those of the counterparts of the control group.

According to the main indicators of pulmonary gas exchange and milk
productivity, animals of the wide-bodied type prevailed over their narrow-bodied
counterparts by 10-12 %. Pulmonary ventilation, oxygen consumption and carbon
dioxide excretion, the amount of energy in animals of the wide-bodied type was
higher by 11-13 % compared to the animals of the narrow-bodied type. Milk
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productivity in first-born cows of the wide-bodied type was 18.29 % higher
compared to the analogues of the narrow-bodied type.

Keywords: heifers, simmental breed, pulmonary gas exchange, milk
productivity, milk quality indices, constitution.

®enak B. 1., Ioayaix M. 1., Cragauuska O. L., Inbauupska I'. B.

IHcTutyT cineepkoro rocnogapcersa Kapnarcekoro periony HAAH

JlereHeBmii ra3000MiH y TeJiMIb i MOJIOUHA NPOAYKTHBHICTH NePBiCTOK
CHMEHTAIbCbKOI nopoau IIpukapnarra pi3HUX THIIB KOHCTHTYLIT

HaezneHo pe3ynbTaTi JOCIIDKEHb MO0 JISTEHEBOTO Ta3000MiHY y TEIHIb
I MOJIOYHOI TPOIYKTHUBHOCTI IEPBICTOK CHMEHTaNbChKOI mopoxu [Ipukapmarts
pi3HMX THIIB KOHCTUTYIIi, SKWil OLIHIOBAIM 3a pO3po0ieHMM HamH (iziosoro-
CENEeKIIMHUM 1HAEKCOM. Y KOHTpPOJIbHY TPYIy BBIMIIUIM TenuIli Ta MEPBICTKH 3
HU3BKUM (i310J10TO-CENEeKUIfHUM 1HAEKCOM — BY3BKOTUIMH THII, @ B JOCIIAHY —
BINOBIAHO 3 BHCOKHM, INUPOKOTUTMA THUIN. 3a TIMOMHOIO IWXAHHS, JISTEHEBOIO
BEHTHJIALIEIO, CIOKMBaHHAM KHCHIO, BHAUICHHSAM BYIJICKUCIOTH, 3arajbHO0
SHEepri€l0 i TEIUIONPOAYKLIEI0 OCOOWHM LIMPOKOTIIOrO0 THIY B IOCTHATAIEHOMY
OHTOTEHEe31 3HaYHO IepeBaXkajIl aHaJIOTiB BY3bKOTIJIOTO.

Pesynpraté JOCHIIKEHb IIOKAa3yIOTh, IO Haiil MOJIOKA 3a JIAKTAIO Yy
HEePBICTOK JOCIIIHOT Ipyny OyB BHIIMI, HiX Y KOHTPOJBGHHUX aHaioriB Ha 18,29 %.
Bwmict xupy Ta Oiika B MOJOII KOPiB AOCHiAHOI Tpynu OyB BHIIUM HOPIBHSHO 3
KOHTPOJIbHUMH aHajoraMH. Y KIHIIEBOMY IIJICyMKY BHXIiJlI MOJIOYHOTO XXHDPY Ta
Oinka B TEpBICTOK AOCHiAHOI Tpymu OyB TakOX BHUIIUM, HDK y KOHTPOJBHHX
aHanoriB. TakuMm 4UYHMHOM, WEPBICTKM CHMEHTANbChKOi mopomau Ilpukapmarts
MIMPOKOTIIOT0 THIy Mald BHIIMI MOKAa3HHK KiTBKICHHX 1 SIKICHUX CKJIAJHUKIB
MOJIOKA, HDK @HAJIOTH BY3bKOTIJIOTO THITY.

3a OKa3HUKaMH ra30€HepreTHYHOr0 OOMIiHY B MOCTHATAIFHOMY OHTOTEHE3i
TBapMHHU MIMPOKOTIJIOTO THIY (IOCHiJHA TPyIa) 3HAYHO MEpPEeBaXKAIOTh AHAJIOTIB
BY3BKOTIJIOTO (KOHTpOJIbHA Tpyma). Lle cBim4mMTH mpo Te, MO y TBapHH TOCIIITHOL
rpynu OOMiH PEYOBMH NpOTiKae HabaraTo IHTECHCHBHIIIE, HDK Yy KOHTPOJBHUX
aHasoriB. [1oka3HUKM MOJIOYHOI MPOIYKTHBHOCTI y KOPIB JOCHIIHOI Tpymu Oyiu
BHIIMMH, HIK Y aHAIOTiB KOHTPOIBHOT TPYIIH.

32 OCHOBHHUMH IIOKa3HHUKaMH JIET€HEBOTO Ta3000MiHy Ta MOJIOYHOIO
HPOJYKTHBHICTIO TBAPHHU LIMPOKOTIJIOrO THUITY NEpeBakald aHAJIOTiB By3bKOTIIIOTO
Ha 10-12 %. JlereHeBa BeHTHJSALA, CIOXKHMBAHHS KHUCHIO Ta BHJIIJIEHHS
BYTJICKUCIIOTH, KUTBKICTh €Hepril y TBapHMH IIMPOKOTLIOrO TUIy Oylia BHILIOI HA
11-13 % mnopiBHIHO 3 TBapUHAMH BY3bKOTIJIOrO THIY. MOIOYHA IPOAYKTHUBHICTD Y
KOpIB-TIEPBICTOK IMHPOKOTLIOr0 TUIy Oyna Oimbmioro Ha 18,29 % mopiBHSHO 3
AHAJIOTaMH BY3bKOTIJIOTO THILY.

KnamwuoBi cioBa: tenuii, cMMeHTallbChKa MMOPOJIa, JIETEHEBUI Ta30000MiH,
MOJIOYHA IPOTYKTUBHICTB, SIKiCHI TOKa3HUKH MOJIOKA, KOHCTHTYIIIS.

Introduction. It is known that the development of animals is based
on complex processes of assimilation and oxidation of nutrients in the body.
The intensity of growth in different age periods is not the same and the level
of metabolic processes in the body of animals is also different. In the
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process of development, the level of metabolic processes in the animal body
is influenced by the external environment along with hereditary factors. The
intensity of complex metabolic processes in the animal body can be judged
by the level of gas-energy exchange, which is an integral indicator of
complex biochemical and physiological processes in the body.

The studies of many scientists have shown that the basis of animal
development is complex processes of assimilation and oxidation of
nutrients. Pulmonary gas exchange of animals largely depends on their age,
physiological state, feeding conditions and environmental factors [1-14].

The level of gas energy exchange, which is an integral indicator of
complex biochemical and physiological processes, indicates the intensity of
complex metabolic processes in the animal body [16-30].

In our research, the task was to study the pulmonary gas exchange of
heifers and the milk productivity of Simmental cows of different
constitution types from the age of six months until the end of the first
lactation. Experimental studies were conducted on animals of the wide-
bodied type (experimental group) and narrow-bodied (control group) [15].

Materials and methods. The experimental part of the work was
carried out in one of the farms of the Drohobytskyi district of the Lviv
region. In all experimental animals at the age of 6 months, the activity of
aminotransferases (ALT and AST) in blood serum was determined
according to the method of A. E. Brausnshtein [2], which made it possible
to evaluate the type of their constitution and select them according to the
physiological and selection index and form groups to conduct an
experiment. The control group included individuals with a low
physiological-selection index (105 units) narrow-bodied type, and the
experimental group, respectively, with a high physiological-selection index
(125 units) wide-bodied type [15]. Assessment of wide-bodied and narrow-
bodied types was carried out on the basis of the definition of the broad-
bodied index. The control and experimental groups included 10 animals
each. Animals with a thoracic index of 60 and above were classified as
wide-bodied, and individuals with a thoracic index of 59 and below were
classified as narrow-bodied. Pulmonary gas exchange was performed
according to the methodical instructions of A. A. Kudriavtsev [7].
Biometric processing of the research results was carried out according to the
methodological instructions of S. N. Lopach and others [8].

Results and discussion. Growth of live weight and linear
development of experimental animals. Live weight is one of the integral
indicators that characterizes the body of an animal both externally and
internally. In these studies, the task was to study the growth of live weight
and the linear development of heifers and cows of different types of
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constitution of the Western Ukrainian population of the black and spotted
breed from birth to the end of the third lactation.

Table 1 shows that according to the live weight of newborns, at 3, 6,
12, 18 and 21 months, heifers of the experimental group exceeded the
control analogues respectively by 1.3; 0.3; 7.5; 8.5; 5.7 and 2.8 %.

1. Dynamics of live weight of Ukrainian black-spotted heifers of dairy
breed, kg

Age, months Groups, M =m
' control (n=10) experimental (n=10)
Newborns 28,9+0,67 29,3+0,45
3 104,5+3,46 104,8+2,93
6 169,2+4,48 181,9+3,68™"
12 288,4+5,92 313,0+4,09"
18 375,3+9,23 396,7+7,82™
21 429,2+8,85 441,5+9,71

Note: in this and the following tables * P<0.05; **P<0.01; *** P<0.991.

It should be noted that the live weight of heifers of the control group
was at the level of the breed standard at 18 months, and the counterparts of
the experimental group in this age period exceeded the breed standard by
5.79 %.

Inspiratory capacity and pulmonary ventilation. During the
development of young animals, pulmonary breathing is characterized by the
frequency and depth of breathing, as well as pulmonary ventilation. With
age, the indicators of pulmonary respiration in animals have a
corresponding pattern.

The characteristics of the breathing rate of experimental animals are
shown in Table 2.

2. Frequency of air inhalation per minute by Simmental heifers

Age, months Groups (M+m) +to
' control (n=10) experimental (n=10) control

6 26,9+0,03 25,5+0,79 -1,4

12 21,8+0,47 19,8+0,87" -2,0

18 20,7+0,50 17,8+1,44 -2,9

Heifers of the control group at 6, 12, 18 months outnumbered the
experimental counterparts respectively by 5.49; 10.10; 13.21 %. Thus, the
frequency of breathing in the animals in the postnatal ontogeny of the
experimental group was lower than that of the control counterparts. With
age, the breathing rate decreased in animals of both groups.
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If the breathing frequency of the animals of the experimental group
was lower than that of the control group, on the contrary, according to the
index of the depth of breathing, they significantly prevailed over the control
counterparts (Table 3).

3. Depth of air inhalation by Simmental heifers, ml

Age, months Groups (M+m) +to
' control (n=10) experimental (n=10) control

6 1276+34,12 1575+41,60™" +299

12 2114+34,12 2638+185,30™ +524

18 3012+77,88 3695+319,57" +683

Heifers at age periods of 6, 12, 18 months of the experimental group
prevailed over the control analogues in terms of breathing depth,
respectively, by 23.43; 22.68; 22.67 %. With age, the depth of breathing in
animals of both groups increased.

According to the indicators of pulmonary ventilation in all age
periods, the animals of the experimental group significantly outhumbered
the control animals of the same age (Table 4).

4. Pulmonary ventilation of Simmental heifers, I/min

Age, months Groups (M+m) +to
' control (n=10) experimental (n=10) control
6 34,30+0,87 39,80+0,43™" +5,50
12 48,11+0,70 51,57+0,98™ +3,46
18 62,20+0,15 64,70+1,30 +2,50

The heifers of the experimental group in the age periods of 6, 12, 18
months were superior to the control analogues by 16.03, respectively,
according to the indicators of pulmonary ventilation; 7.19; 9.57 %. In the
postnatal ontogeny, pulmonary ventilation in heifers of the control and
experimental groups increased.

Thus, in terms of depth of breathing and pulmonary ventilation,
animals of the wide-bodied type (experimental group) significantly
outnumbered their counterparts of the narrow-bodied type (control group).

Gas-energy exchange in animals. The intensity of oxidation-
reduction processes in the animal's body depends on the level of digestion
and assimilation of nutrients supplied with feed. The level of oxygen
consumption during development largely characterizes the intensity of
exchange processes in the animal body. Important indicators of gas
exchange are the consumption of oxygen and the release of carbon dioxide
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by the body in absolute and relative units. The level of oxygen consumption
by Simmental heifers is shown in Tables 5 and 6.

5. Absolute oxygen consumption by Simmental heifers, I/min

Age, months Groups (M+m) +to
' control (n=10) experimental (n=10) control
6 1,01+0,007 1,08+0,02" +0,07
12 1,41+0,07 1,54+0,02" +0,13
18 1,71+0,02 1,75+0,01 +0,04
6. Relative oxygen consumption by Simmental heifers, I°/min/kg
Age, months Groups (M+m) +to
' control (n=10) experimental (n=10) control
6 6,02+0,16 6,32+0,24 +0,30
12 5,12+0,08 5,12+0,16 0
18 4,41+0,31 4,83+0,11 +0,42

In terms of absolute oxygen consumption, experimental heifers in the
age periods of 6, 12, and 18 months exceeded the control analogues
respectively by 9.22; 2.34; 20.69 %. Absolute oxygen consumption in both
groups increased with age.

A similar pattern was observed in the relative oxygen consumption
of experimental animals. Postnatally, the relative oxygen consumption of
heifers in both groups decreased.

Thus, in terms of absolute and relative oxygen consumption in the
postnatal ontogeny, the animals of the experimental group probably
exceeded the control counterparts.

According to the absolute indicators of carbon dioxide excretion, the
heifers of the experimental group in the age periods of 6, 12, 18 months
exceeded the control analogues respectively by 15.28; 7.20; 14.65 %
(Table 7).

7. Absolute release of carbon dioxide by Simmental heifers, I/min

Age, months Groups (M+m) +to
' control (n=10) experimental (n=10) | control
6 0,72+0,09 0,83+0,02 +0,11
12 1,09+0,03 1,14+0,02 +0,05
18 1,11+0,01 1,15+0,04 +0,04

In terms of age, the absolute excretion of carbon dioxide by heifers

in the control and experimental groups increased.
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The animals of the experimental group also outperformed the control
peers in terms of relative carbon dioxide excretion. So at 6, 12 and 18
months, heifers of the research group outnumbered the control analogues
respectively by 11.37; 9.88; 7.41% (Table 8).

With age, the relative excretion of carbon dioxide by heifers in both
groups decreased.

8. Relative excretion of carbon dioxide by Simmental heifers, I¥/min/kg

Groups (M£+m)
Age, months control (n=10) experimental (n=10) + to control
6 4,31+0,22 4,80+0,19 +0,49
12 3,8040,16 3,82+0,12 +0,02
18 3,3940,12 3,70+0,10™ +0,31

Therefore, in terms of absolute and relative release of carbon dioxide
in the postnatal ontogeny, animals of the wide-bodied type (experimental
group) probably prevailed over their counterparts of the narrow-bodied type
(control group). This indicates that the level of oxidation-reduction
processes in the body of the animals of the experimental group was more
intense than that of the control counterparts.

The respiratory rate of experimental animals is shown in Table 9.

There was no significant difference in respiratory rate between the
animals of the experimental and control groups. In heifers at the age of 6,
12, 18 months, the respiratory coefficient was within 0.71-0.80. In this
range, experimental animals undergo fat metabolism.

9. Respiratory rate of Simmental heifers

Groups (M+m)
Age, months control (n=10)  |experimental (h=10) = to control
6 0,71+0,02 0,76+0,006 +0,05
12 0,75+0,05 0,74+0,01 -0,01
18 0,74+0,007 0,77+0,005 +0,03

Energy exchange in the body of animals in postnatal ontogenesis is
characterized by the total energy released by animals and the relative
accumulation of heat production (tables 10, 11).

According to the absolute release of energy, experimental heifers in
the age periods of 6, 12, 18 months exceeded the control analogues
respectively by 3.78; 3.61; 4.11%.
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10. Total energy released by Simmental heifers, kd/h

Age, months Groups (Mi_m) +to
' control (n=10) experimental (n=10)| control
6 1187,8+55,51 1295,1+22,15" +107,3
12 1726,2+30,25 1791,4+29,34 +65,2
18 2024,2+28,73 2097,3£17,73" +73,1

In the postnatal ontogeny, the total energy of the heifers of both
groups increased. This indicates that with the increase in body weight, the
total energy also increased.

The heifers of the experimental group exceeded the control heifers
by 9.40, in terms of relative indicators of heat production in the age periods
of 6, 12, and 18 months — respectively by 7.55 and 5.18 % (Table 11).

11. Relative indicators of heat production in Simmental heifers, kJ/h/kg

Age, months Groups (M+m) +to
' control (n=10) |experimental (n=10)| control
6 7,11£0,22 7,55+0,29 +0,44
12 6,09+0,21 6,18+0,21 +0,09
18 (before insemination)|  5,46+0,15 5,78+0,14 +0,32

In terms of age, the relative indicators of heat production in heifers
of the control and experimental groups decreased.

Thus, in terms of gas-energy exchange in postnatal ontogeny, wide-
bodied heifers (experimental group) significantly outnumbered narrow-
bodied counterparts (control group). This testifies to the fact that the
metabolic processes in the animals of the experimental group were much
more intense than in the control counterparts.

We also analyzed the milk productivity of first-born cows of
Simmental breed of milk-meat productivity in the conditions of
Precarpathians. The analysis showed that firstborns of the wide-bodied type
had higher milk productivity than their narrow-bodied counterparts. Milk
productivity and quality indicators of milk are shown in Table 12.

The research results show (Table 12) that the yield of milk per
lactation in the first-born cows of the research group was higher than in the
control counterparts by 18.29%. The content of fat and protein in the milk
of the cows of the experimental group was higher, compared to the control
analogues. Ultimately, the yield of milk fat and protein in the first-born
cows of the experimental group was also higher than in the control
counterparts. Thus, first-borns of the cows of Precarpathians Simmental
breed of broad-bodied type had a higher index of quantitative and
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qualitative components of milk than their narrow-bodied counterparts. We
established a direct relationship between the pulmonary gas exchange of
heifers and milk productivity in firstborn cows.

12. Milk productivity of first-born cows of Simmental cattle (M+m)

Indicators Group -
control (n=10) experimental (n=10)
Yield, kg 3100+81,0 3567+170,0™
Fat content, % 3,8840,044 4,01+0,035™
Amount of milk fat, kg 120,28+12,35 143,31+12,35
Protein content, % 3,34+0,025 3,36+0,041
Amount of milk protein, kg 103,54+6,11 119,85+3,45™

Conclusions. According to indicators of body weight and pulmonary
gas exchange in the postnatal ontogeny, wide-bodied animals (experimental
group) significantly outnumbered their narrow-bodied counterparts (control
group) by 9-11%. This indicates that the metabolism of animals in the
experimental group was much more intensive than that of the control
counterparts. The indicators of milk productivity in the cows of the
experimental group were higher than those of the counterparts of the control
group. A direct relationship between the pulmonary gas exchange of heifers

and the milk productivity of firstborn cows was established.
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