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Abstract

Background and Aim. The study of milk formation and secretion physiology is essential for
addressing various biomedical issues related to the biological significance of lactation and milk in
supporting offspring immunity and metabolism, as well as for the production of high-quality dairy
products. The occurrence and duration of hypogalactia are determined by the quantitative balance
between lactogenic and stress hormones.

The aim of the study was to assess the levels of stress hormones and their impact on milk secretion
in lactating goats under normal conditions and various stress factors.

Materials and Methods. The study was conducted on goats, biochemical analyses of blood and
milk were carried out. The levels of adrenaline and noradrenaline were measured using the fluorimetric
method, considering different stress conditions and lactation stages.

Results. The levels of key lactogenic hormones were found to be highest during the early stages
of lactogenesis. For the first time, it was established that stress hormone levels in goats vary depending
on the lactation period and the influence of stress factors. The highest concentrations of adrenaline and
noradrenaline were observed in the initial days of lactogenesis, followed by a decline during subsequent
stages of lactopoiesis.

Conclusion. The results of the study showed that low milk yield is associated with increased levels
of adrenaline and noradrenaline in the bloodstream. Under such conditions, milk production decreases,
and a reduction in fat, protein and lactose content is observed, leading to a shorter lactation period.

Keywords: Lactation; adrenaline; noradrenaline; hormone; stress factor.

Introduction

The preservation of health and the education of the population in the Republic of Kazakhstan are
nationally significant issues. Human health begins to form from the first days of life. Nutrition plays a
crucial role in the formation of the baby's immune system. The most optimal nutrition at this stage is
natural breastfeeding.

Currently, the study of milk formation and secretion physiology is highly relevant to addressing
various medical and biological challenges. These challenges include understanding the biological
significance of lactation and milk in supporting the immune system and metabolism of offspring, as well
as optimizing the production of high-quality dairy products.

Numerous studies have demonstrated changes in the concentration of individual hormones during
lactation. However, there is limited research on the simultaneous assessment of different classes of
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hormones - protein, thyroid and steroid, which hinders a comprehensive understanding of the mechanisms
underlying hormonal regulation of metabolism in lactating animals [1, 2]. As a result, many aspects are
still being investigated worldwide.

In addition to the nervous system, the endocrine system, including the hormone prolactin, is of great
importance in regulating the lactation process [3]. It is known that the thyroid gland and adrenal glands
also affect the synthesis of the main components of milk. The influence of various factors on the secretion
of this hormone has not been fully studied. Research indicates that the administration of thyroxine and
insulin to goats and cows increases milk volume and fat content [4]. In addition, it has been established
that environmental stresses (ambient temperature, air pollution, noise) change the levels of hormones
including thyroxine, cortisol, growth hormone, prolactin, adrenaline and noradrenaline, reducing milk
yield in dairy cattle [5, 6].

It should also be noted that somatotropin plays a role in the regulation of lactation in ruminants,
promoting increased milk production and enhancing its organic composition[7]. Previous studies have
established that stress-induced hormones such as adrenaline and noradrenaline negatively affect lactation
and contribute to hypogalactia [8]. In estrous cows, prolonged exposure to heat stress has been shown
to increase plasma progesterone levels from days 2 to 19 of the first cycle and from days 2 to § of the
second cycle. However, heat stress also resulted in decreased plasma cortisol levels in both cycles,
reducing the correlation coefficient between these steroids during specific periods of the estrous cycle
[9].

Additionally, studies have reported that stress negatively affects metabolic processes in cows of
different breeds during lactation. Significant correlations have been observed between progesterone,
cortisol, and mineral levels in the body. These findings highlight the importance of breed-specific
management strategies for improving dairy farm efficiency [10, 11, 12].

Stress factors affect the physiological and psychological condition of animals. An effective way to
detect stress is to measure the activity of the hypothalamic-pituitary-adrenocortical axis by measuring
plasma cortisol levels, which can lead to reduced immunity, increased susceptibility to disease, and
impaired reproductive performance. While complete elimination of stress is not feasible, improvements
in agricultural practices can help mitigate its effects and enhance productivity [13, 14].

The occurrence and duration of hypogalactia are influenced by the quantitative balance between
lactogenic and stress hormones,necessitating further investigation. In connection with the aforementioned
factors, there is a need to study the degree of stress hormone secretion and the physicochemical
composition of milk under the influence of various stress factors on the milking process in lactating
goats.Thus, the objective of our research was to determine the amount of stress hormones and the degree
of milk release in lactating goats under normal conditions and under various stress factors.

It was first established that stress hormones in goats depend on the lactation period and are influenced
by stress factors. The highest hormone concentrations were observed in the early days of lactogenesis,
followed by a decline in the subsequent stages of lactopoiesis.

Furthermore, a decrease in milk secretion was found to be associated with elevated levels of
adrenaline and noradrenaline in the bloodstream. During this period milk secretion was reduced, along
with a decrease in fat, protein and lactose levels, leading to a shorter lactation period.

Materials and Methods
The research was conducted at the Scientific Research Institute of Genetics and Physiology. The
experiment was performed on lactating goats. The goats were housed in a barn at the Institute of Human
and Animal physiology and were fed according to general nutritional requirements based on body
weight. The diet consisted of concentrated feed and various types of grasses.

The total protein content in milk was determined using the formalin titration method (also known
as the A.Ya. Dudenkov method) with 0.1 N NaOH and 40% formalin solutions. This method is based
on the interaction of protein amino groups with formalin. The milk sample was titrated first with a
phenolphthalein solution, and then with a formalin solution. The volume of alkali used in the final
titration was multiplied by a coefficient of 0.959 [15].

The fat content, dry matter and milk density were measured using a LAKTAN 1-4 milk analyzer
(Russia). The pH of the milk was determined using a pH meter. Adrenaline and noradrenaline levels were
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measured using the fluorimetric method [16]. All procedures using laboratory animals were conducted
in accordance with ethical guidelines. The study was approved by the Local Ethics Committee (LEC)
of the RSE "Institute of Human and Animal Physiology" (IHAP) SC MES RK No. 3 (3), dated October
8, 2020, reference No. 07-05 /158.

The obtained data were statistically analyzed using Microsoft Excel and the changes obtained were
considered statistically significant according to the Fisher-Student test — *p < 0.05 and *p < 0.001.

Results and Discussion

The experiment was conducted on lactating goats in the second half of the lactation period. In the
first experimental setup, the stress factor was the noise generated during the separation of goats from
their kids, and in the second setup, a controlled noise level of 60-65 dB was used. The experiment was
carried out in three phases: before exposure to the stress factor, during exposure, and after exposure.

Before the experiment, the animals were acclimated to the experimental conditions, and were milked
in the absence of any stress factors.

In the control group, where no stress factors were present, the baseline level of stress hormones
(adrenaline and noradrenaline) before milking was 0.59+0.26 pg/ml.During milking, this level increased
to 0.8540.16 pg/ml, while exposure to engine noise resulted in a hormone level of 0.62+0.07 ug/ml (Fig. 1).

Control group

The cry of the kid Enginenoise

mBefore milking ™ Milking1 min Milking 2 min  ®After milking

Figure 1 — Adrenaline levels in the blood of lactating goats under
the influence of stress factors and the control group

One minute after milking, compared to the control group, the concentration of adrenaline increased
by 63%, while the level of noradrenaline showed a slight decrease. Under exposure to engine noise,
adrenaline increased by 216%, whereas noradrenaline increased by only 11% (Table 1).

Table 1 — Dynamics of adrenaline and noradrenaline levels in the blood plasma of goats under stress
Adrenaline, pg/ml

Stages Control group In the roar Motor noise
Before milking 0.59+0.26 0.85+0.16 0.62+0.07
1 min during milking 0.60+0.06 0.98+0.027 1.09+0.07
2 min during milking 0.94+0.11 0.92+0.19 1.05+0.21
After milking 0.93+0.11 0.67+0.44 1.60+0.71

Norepinephrine, pg/ml

Before milking 0.17+0.008 0.16+0.01 0.14+0.02
1 min during 0.18+0.006 0.17+0.012 0.21+0.08
2 min during milking 0.1940.005 0.17 £0.008 0.21+0.12
After milking 0.35+0.012 0.18+0.003 0.17+0.005
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After weaning, the concentration of adrenaline in the blood of goats two minutes after milking was
the same as in the control group, while noradrenaline decreased to 0.67+0.44 pg/ml (in the control
group, noradrenaline decreased to 0.93+0.11 pg/ml), under exposure to engine noise, the concentration
of adrenaline increased by 11%, while noradrenaline levels rose by 77%.

After milking, the concentration of adrenaline in the control group was 0.9340.11 pg/ml, whereas in
weaned goats, it was 0.67+0.44 pg/ml. Under exposure to engine noise, adrenaline levels increased by
72%. The concentration of noradrenaline in the blood of goats decreased twofold during both weaning
and exposure to engine noise compared to the control group (0.35+0.012 pg/ml) (Fig. 2).

During the goats' weaning and subsequent milking, the concentration of adrenaline increased from
0.59 +0.26 to 0.98 + 0.027 pg/ml compared to the control group. The noradrenaline level changed only
slightly. By the third minute after milking cessation, the adrenaline concentration returned to its initial
level.

Control group Thecry ofthe kid Enginenoise

EBefor milking EMilking 1 min W Milking 2 min W After milking

Figure 2 — The level of noradrenaline in the blood of lactating sows under the influence of stress
factors in the control group and stressors

In an experiment involving exposure to engine noise, a significant increase in the concentration
of stress hormones in the blood of animals was detected. The concentration of norepinephrine, a
neurotransmitter, doubled compared to the baseline state. In some goats, adrenaline levels increased 5 to
6 fold under the influence of noise. Even after the cessation of noise exposure (in this case, presumably
related to the milking process), the elevated adrenaline concentration persisted, indicating a prolonged
stress response. This suggests that noise exposure triggered not just a short-term adrenaline surge but
a systemic physiological reaction, requiring more time to restore homeostasis. After milking cessation,
adrenaline levels remained elevated. Exposure to noise significantly increased the release of stress
hormones into the bloodstream. Under stress, the activity of the sympatho-adrenal and hypothalamic-
pituitary-adrenal systems intensifies. A prolonged increase in stress hormone levels in peripheral blood
can lead to pathological conditions. The study demonstrated that stressors such as noise not only elevate
the concentration of catecholamines (adrenaline and norepinephrine) in arterial and venous blood but also
inhibit the oxytocin from the neurohypophysis. Oxytocin, a hormone essential for regulating lactation
and social behavior, is suppressed under stress. This suppression may explain the decline in milk
production observed in goats exposed to noise pollution. Inhibition of milk production directly results
from decreased oxytocin levels, as oxytocin is necessary for stimulating the contraction of myoepithelial
cells in the mammary gland, facilitating milk ejection. Any stressor increases catecholamine levels in
arterial and venous blood, suppresses oxytocin release from the neurohypophysis, and inhibits milk
production [17, 18]. The variability in stress hormone levels among individual animals in response to
stimuli may be attributed to differences in their physiological characteristics and varying stress tolerance.
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Conclusion

To investigate the relationship between some lactogenic and stress hormones, as well as monoamines
in the regulation of lactation under stress conditions, we conducted studies on the dynamics of hormones
in the blood of goats. Exposure to engine noise acting as an auditory stressor, led to a sharp increase
in the secretion of adrenaline and noradrenaline, accompanied by a decrease in prolactin levels.
Consequently, the average daily milk yield declined, along with a reduction in milk fat and total solids.
Since the duration of noise exposure in the experiments was relatively short, it can be assumed that the
animals experienced a state of fear and anxiety.During this period, the activation of the body’s defense
mechanisms led to increased energy expenditure, which may explain the observed decline in milk
production and its components.

Our findings indicate that stress significantly alters the hormonal profile of lactating goats. Under
stress exposure, adrenaline and noradrenaline levels increased by 2 to 6 times compared to the control
group.

Considering advancements in modern lactation physiology, the analysis of our research results
highlights the complexity of interactions between lactogenic and stress hormones. This study represents
an effort to obtain new scientific data to address key questions in lactation regulation. It provides a
quantitative assessment of adrenaline and noradrenaline levels in the blood of goats during both
stimulation and inhibition of lactation. These findings help bridge gaps in the understanding of the
dynamics of lactogenic and stress hormones, as well as neurotransmitters, during lactation.

Thus, the results of our study can be instrumental in developing scientifically validated and effective
strategies for enhancing milk production. Furthermore, they offer a basis for predicting future milk
productivity in cattle and small ruminants by assessing the levels of lactogenic and stress-related
hormones in advance.
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OPTYPJIi Kyi3eadic (aKTOPJapBIHBIH eMIKiJIepPAiH JaKTAIUSAChIHA dcepi
[NapmanGexoBa M. X., lllembi0exoBa I11.C., baitramesa I".O., ImanoBa 3.M., Koiibacosa JI.VY.

Tyiiin

Anrpimiaprrap MeH Makcar. CyTTiH Ty3Uly jkoHe OejiHy (HU3HOJIOTHSICHIH 3€pTTeY YPIAKThIH
HMMYH/JBIK KYHeci MEeH 3aT aJMacyblH KaMTaMmachl3 €TYAErl JIaKTalHus MEH CYTTiH OHOJOTHSIIBIK
MaHbI3bIHA OaiiTaHBICTHI KONITEreH OMOMEINIIMHAIIBIK MACEIIeJIePIi eIy YIIiH, COHBIMEH KaTap )OFapbl
camajibl CyT ©HIMJIEPiH OHIIPY YIIiH ©3eKTi 00kl TadbuIagsl. ['umoranakTus KyObUIBICHIHBIH Naiga
0O0JIybl MEH Y3aKTBIFbl JIAKTOT€HIIK TOPMOHJAP MEH CTPECC TOPMOHIAPBIHBIH CaH/ABIK KaThbIHACBIHA
OaiimaHpICTBl. 3epTTEYIiH MakcaTbl: KaJbIIThl JKQHE JpTYpii Kyisemnic (akTopiapblHIa CYTTEHY
Ke31HJer1 elKiIepIiH CTPecC TOPMOHIAPBIHBIH ACHI€HiH JKOHE CYT OOJiHY A9pEkKECiH aHbIKTAY.

Marepuangap MeH a1icTep. 3epTTey eIKiJepre Kypri3iiai, KaH MeH CyT KypamblHa OMOXUMHSIIBIK
Tayugayyiap Kypri3iiai. AZpeHaauH MEH HOpagpeHaluH JeHreill KyH3emic jKoHe CYTTEeHY Ke3eHiHe
OalaHbICTBl IIyOPUMETPHSIIBIK OAICIICH 3€PTTEI .

Hotmxenep. CyT eHaipeTiH OChI HETi3T1 TOPMOHAAP/IBIH JCHI € TAKTOr€He3 Ke3eHIH/IE 6T KOFaphl
EKEHJIIr aHBIKTAJIIbI. AJIFalll peT eMIKUIepAeri KyH3emnic TOpMOHAAPBIHBIH ICHIeHl CYTTeHY Ke3eHiHe
KOHE oOJlapra cTpecc (hakTopyiapbIHBIH ocepiHe OalIaHBICTBl €KEeHi aHBIKTa Abl. | opMOHIApIBbIH
€H JKOFapbhl JICHIeHl JaKTOTEHE3/IH aJFalllKbl KYHJAEpiHAe OalKalJbl KOHE JIAKTOMOI3IIH KeHiHTi
Ke3eHJIepiHJIe TOMEH IS/,

KopbIThIHABL. 3epTTey HOTHDKENEpi CYT OHIMAUITIHIH TOMEHIT eIIKi KaHBIHJAFbl aJpeHaInH
MeH HOpaJpeHAINH MOJILIEPiHiH JKOFapblulaybIMeH OaillaHbICThl €KeHIH KepceTTi. by xarmaiiaa cyT
OHIMJILTITT TOMEHICH/TI, Maii, aKybI3 KOHE JIAKT03a a3asi/Ibl )KOHE JIAKTAIIMS K€3€HI KBICKAPa/Ibl.

KinT ce3aep: nakranys; agpeHaInH; HOpaJpeHaIH; TOPMOHIAp; Kyh3emic (GaKTopbl.

Biansinue pa3iInmyHBIX CTPECCOBBIX ()AKTOPOB HA JAKTALUIO Y KO3
[MapmanGexoBa M. X., LlIemHb10eKo0Ba L.C., Baiitamesa ['.Y., UmanoBa 3.M., Koiibacosa JI.VY.

AHHOTAIHUA

[Ipenmoceuiku u 1ens. M3yuenne (usnonornu o0Opa3oBaHUs U CEKPEIMM MOJIOKA aKTYalbHO JIJIS
pelieHrss MHOTHX OMOMEIUIIMHCKUX TPOOJIEM, CBS3aHHBIX C OMOJIOTHYECKON Ba)KHOCTBIO JAKTAIIUU
¥ MOJIOKa B O0OECTIeYeHIUH UMMYHHOHW CHUCTEMBI U MEeTa0O0JM3Ma MOTOMCTBA, & TAK)XKE B IPOHU3BOJICTBE
BBICOKOKAUECTBEHHBIX MOJIOYHBIX IMPOJIYKTOB. BO3HMKHOBEHWE W MPOJODKUTEIBHOCTh ()eHOMEHa
TUIOTaJaKTUU 3aBUCAT OT KOJMYECTBEHHOTO COOTHOIICHHS JIAKTOT€HHBIX TOPMOHOB M T'OPMOHOB
ctpecca. Llenp uccnenoBanus: onpeleianTb YPOBEHb TOPMOHOB CTPECCA U CTEIEHb CEKPELUU MOJIOKA Y
JAKTUPYIOMIUX KO3 IPU HOPMaJIbHBIX U Pa3JIMYHBIX CTPECCOBBIX (DaKTOpax.

Martepuainbl 1 MmeTobl. McciaenoBanue MpoBOAMIOCH HA KO3aX, ObLIM MPOBEIEHBI OMOXMMHUYECKUE
aHAJIM3bI KPOBH M MOJIOKA. Y POBEHbB aJJpeHAIIMHA U HOPAJPEHAINHA UCCIIEIOBAIN (DITyOPUMETPUICCKIM
METOJOM B 3aBUCUMOCTH OT CTpecca U Nepuoja JaKTalUHU.

Pesynbrarel. Bpiio 0OHapy»eHO, 4TO YPOBHH 3THX OCHOBHBIX TOPMOHOB, BBIPa0aTHIBAIOIIMX
MOJIOKO, OY€Hb BBICOKH B TIEpHO]I JJaKTOreHe3a. BriepBble ObIJIO 0OHAPYIKEHO, YTO YPOBEHH TOPMOHOB

&9



C.CEM®YAAVNH ATBIHAAFB KA3AK ATPOTEXHUKAABIK 3EPTTEY YHUBEPCUTETIHIH, FHIABIM JKAPIIBICH: [TOHAPABIK No 1 (124) 2025
ISSN 2710-3757, ISSN 2079-939X, AVBUI LITAPY AILILIJIBIFBI FBIJIBIMJIAPBI

cTpecca y KO3 3aBHCHUT OT Tepuoja JaKTallud W BIUSHUS HAa HHUX CTPECCOBBIX (pakTopoB. Cambrii
BBICOKHIA YPOBEHb TOPMOHOB HaOIIIO/IAJICA B TIEPBBIE THH JIAKTOT€HE3a M CHIDKAJICS Ha TOCTeTyIOIINX
CTa/INAX JTAKTOII0d3a.

3axmroueHue. Pe3ynbTaThl HWccienoBaHMs TOKa3alld, YTO HHU3Kas MOJOYHAs MPOTYyKTHBHOCTH
CBsI3aHA C YBENMYEHHEM KOJMYECTBA aJpeHAllMHA W HOpaJpeHAINHA B KPOBH K03. B sTOM ciydae
CHIDKAETCSl MOJIOYHAsI TIPOTyKTUBHOCTh, YMEHBIIIATCSI KOJIMYECTBO KHpa, OEIKa U JIAKTO3bI, a IEPHO/T
JIAKTaIMHA COKPAIIaeTCs.

KuaroueBble c1oBa: makTaiys; apeHaIlnH; HOpaApEeHAINH; TOPMOHBI; ()aKTOp CTpecca.

90



