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Background: This experire i*s\ated the effects of management and nutrition strategies on dairy

Abstract

cows under heat stre!s. o

Objecti\N*mx to evaluate the effects of zinc mineral supplementation and mist spray, both

indivi ly an\in combination, on vyield, milk production and composition, blood parameters, and

HSP70 gene expression in dairy cows.



Methods: Sixteen Holstein lactating cows were used, and experiment was conducted in four treatments:
basal diet without heat stress alleviation methods (control), zinc supplementation in diet; basal diet and

application of mist spray method, and supplementation of zinc in basal diet wiw ra~y. Milk

production and composition, blood parameters and HSP70 gene expression we Xw 4

Results: The results showed that the cows in the mist and zinc+roaﬂvnts hadssignificantly better
performance and temperature-humidity index compared(the cont\rol grom}The milk yield and its
compounds were significantly affected by experimental tr ts, witl’the best results seen in the
treatment with both spray and Zinc. The cows exposeﬁ Ia'gation periods showed a significant
increase in the concentration of blood blochemeacM antioxidant indices in response to heat

stress. HSP70 gene expression was significant&ecrjse! in all treatments compared to the control.

Conclusions: This experiment suggests a;*)Iying nutritional and management strategies can be
effective in mitigating th ofxt stress on dairy cows. The study recommends using zinc
supplementation an ﬁ rh‘nethod as effective strategies to alleviate heat stress.. Overall, this

study hlghllg he i ort ce of implementing management and nutrition strategies to improve the

we are a ro ct|V| of dalry cows under heat stress.
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Introduction

Breeding dairy cows has changed from a traditional activity to an integrated industry \ rs This
industrial system has advantages that allow it to operate more efficiently thr u M/eg nutrition,

genetics, environment and management (Ingvartsen and Moyes, 2013). leestock exp iences different
stressors throughout their lives such as nutritional, chemical, psychelogical, a\thermal stress. Among
them, thermal stress is the most intriguing factor influencin duction, r‘oroductive efficiency, health,
and the well-being of the high-producing animals.ﬂ ical aM sub-tropical regions, increased
temperature and humidity are the major cons ts J‘ Iiveitock production(Jyotiranjan, 2017). Heat
stress is a biophysical condition that directl mpacN biological system of dairy cows (Less et al.,

2019). Thermal stress can cause aIter mta , digestion, discomfort, uneven growth and body

weight, and altered metabolic f ctlon leading to distress and increased mortality (Brito, 2020).

Over the past hundred y@ t\\'age temperature near the Earth's surface has increased by 0.18-
0.74°C. Climate change models show that the average surface air temperature has increased between
1.1 and d&es%ius. This trend will also have adverse effects on animal husbandry, which is one

of the key part‘f activity on the earth (Rhoads et al., 2009).



In lactating cows, milk production and secretion is a special process that is different from other animal
&
metabolic pathways in terms of different biomolecular aspects. From the vie% of heat

transmission, this process is the biggest challenge facing the animal after delivﬂe fore, the

presence of any stress in terms of environmental conditions can affect the chilwhf alter the
.

production level and composition of this vital nutrient (Melo et al., 2016). (|

On the other hand, it is the biggest economic challenge in terms of cost\,profit,xlume, composition and

yield of milk produced in each dairy unit that can directly he sust!nability and development of
each dairy farm. For example, in milk pricing conditiorw ncentration is an important factor in

the profitability of a cow in addition to producticxlurrwo et al., 2016).

N

Genetic selection and the use of supe g ha been justified as a means of ensuring increased

milk production over the past years: How ’ t'e available data indicate that this increase is one of the

nditions of animals; because an increase in milk production increases

most important stressorfe*ugqmi | health and lifetime due to the lack of optimization in the
environmental and bP ulsx

=
the interval of ppIyWstock’s feeding and the nutrients secreted by milk (Santana et al., 2016).

Under s&irc staXs, the incidence of heat-transfer abnormalities from animal to milk increases.

)



Heat stress is one of the main problems in Iranian dairies, especially in the tropical and subtropical
@
regions. Dairy cows are highly susceptible to heat stress (Dash et al., 2016). Heat stress causes ACTH
release, delays ovulation, and inhibits LH secretion, cortisol, and other glucocort|c0| &ndl etal,
2016). It can also affect the adrenal glands, which can delay puberty, cause Mnt/and short
oestrus and delay fetal development (Khorsandi et al., 2016). Heat stress Ieads to hysiological and
behavioral changes in dairy cows and affects reproductive success.»Heat stre ot onIy has a negative
N \t
effect on yields, quality of milk and reproduction rate but alsothas a de riwental effect on the health of
dairy cows (Das et al., 2016). When the temperature r% ptly o rises above the tolerance level of
the animal, the body loses its balance, reducin pet&' andyproduction, lowering reproduction, and

even leads to death (Smith et al., 2007). Be |oraIMolog|caI and endocrine mechanisms are used

to mitigate the effects of heat stress &m(l

Temperature changes also mL‘se t xcretion of minerals and decrease the longevity of the animal.
The enzyme glutamate 6xi<\e\eanwhile, plays an important regulatory role in the response of
animals to stressfultconditions,“and this response will be effective when cofactors such as selenium
peroxid c*er,&and manganese are available. Therefore, the role of proper feeding of animals
and inclusion of’mineral supplements in their diet can be pointed out as the means to cope with
heat stress (York et al., 2017). Malondialdehyde (MDA) indicates oxidative stress in cells and tissues
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because lipid peroxidation is a well-established mechanism of cellular harm. MDA testing is often used
as a lipid peroxidation biomarker (Koohkan et al., 2023). SOD is a key anti-oxidative enzy&fat acts as

the first line of defense against ROS to reduce lipid peroxidation and oxidative streﬁa yﬁng the

conversion of superoxide radicals into H2 O2 that is detoxified by the actlvmes(\we’eromdase
(Gpx) and catalase (Shahsavari et al., 2023).
o \ ¥

Although advances in nutrition and management strategleqwe mﬂu&ted som of the negative effects

of heat stress on dairy cows, the amount of production in t air of s&nmer is significantly reduced

(Shiao et al., 2011). 0 F
However, researchers believe that optimizi lv |a|ng place, proper nutrition, and efficient

management by utilizing modern scie i g’w relation to modern lactating cows is important

and justified (Charpentier and Del&dtde, ).’

The aim of this study 'nNigate the effects of nutritional and management strategies on

production and p siological)raits, heat shock protein gene expression, heat shock protein

concen&{agw\“rature before delivery and immune system of dairy cows under heat stress

conditions. ‘ N



Materials and Methods
@

The experiment was conducted during the summer of 2018 at a dairy farm in Sari. 16 Nn cows in
the transition period were selected to perform this experiment and they were seleged and ra*domly
divided into four treatments (each treatment consisting of 4 cows). A”iO\‘ me same time of

calving, pre-production record, live weight and gestation at @co iw\s and were dried by

stopping milking and antibiotic injection into each part of '&breast Ve(thin at least 45 days prior to the
expected time for delivery. The animals used in the experiment unde~rwent testing for brucellosis
(Alamian et al., 2023). To confirm the absence@e& disorders and oxidative stress and ensure
the health of the test subjects, rumenpro tedwnd a-tocopherol supplementation were
incorporated into the livestock diet (Sal et‘a 2022).

K ¢

The cows were fed by a mixe dlet base on NRC (2001) recommendations (Tables 1 and 2). After
formulating the ration, s \ collected from various points to analyze and verify the uniform
and homogeneous (ﬁlb |on o zinc and other essential nutrients within the feed (Khorrami et al.,

2022). Experimenta tr nts included: 1- treatment with basal diet without heat stress alleviation

m ds (control),»2- treatment fed by mineral zinc supplementation in basal diet (75 mg/kg feed), 3-

)



treatment with the base diet using mist spray method; and 4- treatment fed by the addition of mineral

zinc supplement to the base diet (75 mg/kg feed) and mist spray system (Marins et al., 2

Commercially available zinc supplement (ZnS04), was added to the diet 60 days prion@wvery\nd the
heat stress was assessed 45 days before delivery (at 39°of Celsius) (EI-Gin’d‘y‘ (Nh!ghari et al,
2022; Falah et al, 2023). While mineral zinc sources are acces V‘ious supplement forms for
animal feed, the use of zinc sulfate is preferred over zinc‘hosphide\This su@itution is attributed to
the potential risk of phosphorus poisoning, which can ori rom ph?sphorus fertilizers utilized in

the cultivation and/or mineral supplement (Sadeghi-n@ 2&)

\(v

Performance J
QP Q B

Feed intake was calculated da ctmg the amount of wasted and residue and multiplying the
amount of dry matter m(f(\\ﬂghtmg was performed weekly before meals in the morning and

the mean weight galn was obtained by dividing the total amount of weight gain by the number of days

spentin ch rlod

N
Vagina pe;ure and heat-humidity index



The vaginal temperature was measured while the cows were in the special pan in the far-off phase using
a calibrated temperature logger (DS1922L, Embedded Data Systems, Lawrenceburg, The vaginal
temperature was measured every 5 minutes for 4 consecutive days. At the same tinme uring the

vaginal temperature, the thermo-humidity index was measured every S(i\ﬂafheight of
approximately 3m above the ground using the following formula. ¢
o D "t

Temperature-humidity index (THI)= Dry bulb temperature Qb) - [0.5&— (O.SS\eIative humidity/100)]

*(Tdb —58) >

i‘
Production and composition of milk ‘ ,

Cows were milked twice in a day at 8 am and 4 pmM days postpartum and their milk yields were
recorded daily. Milk samples were ta&e e Iast{ay to determine the milk composition so that after
d b
milking, the milk tank was co tely:shaken to mix the whole milk properly. A sample of milk produced
from each cow is taken a(el*&constant level based on the amount of secreted milk, and the milk
samples were pourerinto cont;iners and immediately transferred to the laboratory in order to take
chemicﬂ is. Tﬂ“}us milk compounds including lactose, fat, protein, non-fat solids and urea
n were

nit ttermined by standard methods and using milkoscan apparatus.

Biochemical Factors and Antioxidant Indices of Blood
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Blood samples were collected from the caudal vein, 21 days before and 21 days after calving, two hours

after the morning meal, and the experimental tubes of blood samples were centrifuge 20 minutes
at 3000 rpm for preparation of serum. Then, the concentration of glucose, urea, |n and total
protein of serum were determined by spectrophotometer. NEFA a Wro’(ybutyrate

concentrations were obtained using BioRex kit and alpha autoanalyzer sepa'ator (assa quipment). The
activity of antioxidant indices was measured using Pars Test kits b ISA read%LXSOO Bio-Tek) at 412
\

nm for glutathione peroxidase and at the wavelength of ‘534 nm\fo‘malondialdehyde. Also, the

concentration of superoxide dismutase was caIcuIat& itrobiﬁetrazolium (NBT) method at the

wavelength of 560 nm. ‘ ‘
g

Heat Shock Protein 70 (HSP70) gene expressi J

Blood samples were collected frorY\ cows H”70 gene expression at the end of the experiment and
transferred by liquid nitr nks\a molecular genetics and biotechnology laboratory of Sari
University of Agriculra ﬁn&and Natural Resources and stored at -80°C until RNA extraction. The

steps were to aIuaWelatlve gene expression, RNA fragmentation, cDNA synthesis, and HSP70

ge ex&io aly\using Real-Time PCR (gqPCR) method.
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Blood samples were collected using the RNA Extraction Kit of YektaTajhiz Company according to the
manufacturer's instructions. The cDNA was prepared by QuienFast Reverse Transcriptase. Kit of QIAGEN

company (QIAGEN, 205311) and the cDNA of each sample was prepared from extraﬁN %ording

to the manufacturer's instructions. ‘ \ )
@

Real-Time PCR (qPCR) reaction was performed using specific prin@i Nant fastiSYBR Green PCR kit

from QIAGEN Company (QIAGEN, 204052) on Corbett's PCWachine (Q)rbett,b(or gene 3000) and 18s

rRNA was used as an internal control gene (Table 3). ed GA.‘QJH as a reference gene for
normalization of mMRNA expression levels of the gﬁo Ps et al, 2020). Finally, the cycle
threshold obtained from real-time PCR was i tedve genes in the computational method

presented by Livak and Shmitgen (2001 whgare tHe form 22¢T and the relative gene expression
was accordingly calculated.

Statistical analysis

The data were analﬁd inta Qmpletely randomized design using general linear model (GLM) and

statisti:ﬁof re \M). Mean comparisons were performed using Duncan's multiple range test
0,

at 5% le elsf probability. The statistical model of the design was in the form Y(i)=p+Ti+eij where Y (i)
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is the value of each observation, W is mean trait in the target population, Ti is the effect of experimental

‘Fi!‘\

A\

The performance results of dairy cows are outlined in Table 4. In the’current study, there were
.

diets and ¢ij is the error of the experiment.

>

Results

significant increases in dry matter intake and body weight obser in the cc& subjected to the third
\

and fourth treatments compared to the control group (P<0.05). Hows/er, there were no notable

differences in body scores between each of the two tre% roupi\and the control (P<0.05).

Table 5 shows the effect of experimental groustvagMperature and the heat-humidity index of
dairy cows. The thermal-humidity index_of COJS in the third and fourth treatments significantly

decreased in comparison with the 3eh)n atrvent and the control (P<0.05).

Table 6 shows the effect *r mental groups on milk production and milk composition. Daily milk
yield was significant f the third and fourth experimental treatments such that the highest
production w Iat e cows in the treatments with mist spray and zinc + mist spray (P<0.05).
Dif rence i XOsmon in terms of kilogram for fat, protein, lactose and non-fat solids, as well

as 4% refin~ milk for the third and fourth treatments, were significantly increased in comparison

with the third and fourth treatments (P<0.05). The percentage value of fat significantly increased and
12



urea nitrogen of milk significantly decreased for all the treatments in comparison with the control

[ ¢

(P<0.05).

Table 7 shows the effect of experimental groups on the biochemical blood factors ofmng c@s. The
results of this experiment showed that the cows in the dry and Iactat;)n‘)e»alsigniﬁcant
increase in the concentration of glucose, NEFA, beta-hydroxyb a‘f‘ blood urea in response to
heat stress (P<0.05). There was also an increase in the coqzntratiox)f bIoo&rea to creatinine ratio
during the dry season and this increase was higher for th ol trea%ent compared to the other

treatments (P<0.05). There was no significant differ@e nbthe treatments in terms of blood

protein concentration during the dry and Iactati(xeriowOS).

Table 8 illustrates the impact of expe a rus on the activity of blood antioxidant indices in
lactating cows. The activity levels kallal i Ic‘hyde and superoxide dismutase (SOD) during both dry
and lactation periods exhi *s gnificant decrease in the second, third, and fourth treatments when

ﬁm t (P<0.05). While the quantity of glutathione peroxidase did not show

compared to the co

a 5|gn|f|cant dif; enc of the treatment groups compared to the control, it was lower than that in

\

the contro

13



Figure 1 shows the effect of experimental groups on the relative expression of the HSP70 gene in the
£
blood of dairy cows. As it is shown in the graph, the difference in HSP70 gene“expression was

significantly decreased in all treatments in comparison to the control (P <0.004). h

o\
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Figure 1: The effect of experimental treG\ts o Mne expressionof lactating cows.
T1: control diet (without zinc mi upp ement an fog system); T2:control diet + zinc mineral supplement (75 mg/kg feed); T3: control diet + fog system and T4:

control diet + (zinc mineral supplement (75 mg/kgfeed) + fog system).

N\

Discussion \
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As observed from the results, cows in the control treatment exhibited lower dry matter intake and body
weight in comparison to the cows in the mist spray and mist spray + zinc treatments. This finding aligns

with the results reported by Savsani et al. (2015). h N

Savsani et al. (2015) stated in their results that the bodyweight loss in the co‘s e»o%eat stress
reflects a high energy demand for maintaining body temperatOd ‘ey alsezconcluded that the
amount of consumed dry matter consumed decreased un((heat stris conditions. This can also affect
the weight of cows during the dry season. On the other hand, e resea’chers have reported that the

embryos of dry cows exposed to heat stress strateglesw to some extent, which may be due to

the difference in body weight of those cows t the in heat stress conditions (Rhoads et al.,
2009). ( J
In the present study, the heat- hurﬂldlty i d'rlng the heat challenge was 77.7, indicating that all the

cows were exposed to hf & thrcmout the experiment. The difference of temperature-humidity

index of other treatrrt \ed to the control treatment showed that mist spray + zinc treatment
was more effective inxredu |ng heat stress on cows. The mechanisms involved in the process of the
po |bIe {y Ats of zinc on heat regulation are not fully understood, but zinc is reported to
have a ffect the thermal conditions of cattle due to its antioxidant role and its positive effect on

immune function in cows (Kellogg et al., 2004).
15



As evident from the results, the control treatment yielded lower milk production compared to the other
treatments, consistent with findings from prior studies (Garcia et al., 2015). Heat stress, leading to
reduced feed intake, can diminish nutrient intake and elevate body maintenance re x thereby
acting as a significant factor in decreased milk production (Garcia et al., 201 (‘heg have also
noted that glucose is vital for mammary gland lactose synthesis. leen Iactoses le as a crucial
regulator of milk osmolarity, its levels determine milk productio nder str&ful conditions, skeletal
\
muscles in cows tend to consume more glucose to lower:metabolic ‘eat production, resulting in
inadequate glucose supply to mammary glands, Ieadinﬂ reased,lactose production and ultimately
reduced milk production (Hill and Wall, 2015). Ir& stw treatment effects were observed on milk fat
percentage, kilogram of milk fat, protein, a Iactos of which increased compared to the control,
consistent with earlier research ( Grlffth OO)Hackbart et al., 2010). Researchers have reported
that management and nutritio strategles mltlgate heat stress positively impact milk composition,
potentially due to their r( pt| zmg resource utilization and facilitating milk protein production in
mammary tissue. Stm'ag n an ingh (2014) emphasized the unique nature of mammary epithelial
tissue respo e f\Wynthesis and secretion, highlighting the necessity for the existence and

maintenancenof epithelial transduction pathways. Adequate maintenance of mammary attachments

serves a indicator of optimal mammary function, as the loss of mammary epithelial tissue during

16



lactation can diminish milk synthesis and secretion. Given the various mechanisms through which heat
stress affects mammary epithelial tissues, preventive measures can influence milk duction and
composition (Weng et al., 2018). Numerous feed additives, including live yeast cu Kffers fat-
soluble vitamins (such as A, D, and E), niacin, selenium, and zinc, can be conS|d wr ;)otentlal to

enhance rumen function and immunological response, optlmlze energy ut|I|zat|on d improve feed

conversion efficiency Nzeyimana et al., 2023).

Thermal stress prevention strategies were able to reduce rea nitn%gen levels compared to the
control group. Previous research has shown that ureaw byproduct of protein metabolism in
the body, and its excessive concentration in blocx\d/Wndlcates some problems with the proper

utilization from the nitrogen-rich feeds for tlge an Ih( protein synthesis. Since feed intake reduces

under heat stress, it can, therefore tk |ve’1 feed efficiency (Cowley et al., 2015).

The percentage of non- vﬁ in mx/as lower in the control than the other experimental groups.

This result is conswt? Aous findings and may be related to higher milk protein levels and to

some extent milkefat levels'in the groups exposed to mist spray + zinc supplement (Ballantine et al.,
2002). \ \
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The results of the present experiment showed that the concentration of glucose, non-esterified free
fatty acids and beta-hydroxybutyrate in the control had a significant increase in respons“cxheat stress,

which is similar to the results of Wheelock et al. (2010) and Duffield (2006). h ‘

Wheelock et al. (2010) found that hormones such as adrenaline and noradr‘angén, growth
@

hormone and cortisol are also released during heat stress, w@ea‘s glucosé from the body's
reserves to feed the skeletal muscle in order to reduce mqbolic hea{ This p&ess also raises glucose
in the blood of the cows exposed to heat stress in t season’ They also stated that the

accumulation of fetal carbohydrates and the priority o@e ohydrate oxidation under heat stress

are the cause of increased blood glucose concerxionMs after calving (Dehghan-Banadaky et al.,

B

According to the results of Duffield's, (20 o'—esterified free fatty acids and beta-hydroxybutyrate in

ses. During diminishing dry matter intake and energy shortage, the

the blood indicate the ?* b\od t mobilization in response to negative energy balance or
exposure of cows tcrrl s s&

i 4
cows break do theiw triacylglycerol (fat) stores during delivery and afterward. The result of this

br kchf ty&es is the production of NEFA and column bodies and their entry into the

bloods m (D\field, 2006).
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In the present study, an increase in blood urea concentration was observed and this increase was more
in the control treatments that were exposed to heat stress compared to the other treatments. Several
other studies have reported higher blood urea nitrogen concentrations in the cas C mg cows
under heat stress conditions. The reasons for the increase in blood urea n|tro n Wtysns due to
heat stress are unknown, but may reflect changes in ruminal mtrogen metabol|s nd/or systemic

amino acid metabolism (Rhoads et al., 2009).
\ <

To investigate the causes of elevated blood urea (ur concent’ations in the experimental

treatments, blood creatinine was measured as an mdn:@u tly produced for renal clearance.

For cows, like other animal species, creatini ynt Mmpendent on muscle mass and is not diet-
dependent (Schneider, 1988). Thus, al b’ad creatinine concentration was not significant in
either treatment, the increase in blood creati ing concentration observed in the control may be due to a
decrease in renal clearan rtl\e to an increase in muscle catabolism (Schneider, 1988). To

ﬁnmlency on changes in urea and creatinine concentrations in the blood,

eliminate the effect *

the ratio of ureanto cWe was calculated to evaluate the balance between protein oxidation and

NN\
)
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According to the present results, the ratio of urea to creatinine in the cows exposed to heat stress

before calving was significantly increased compared to other treatments. It seems thati'the cows with

heat stress during pre-calving period, the mobilization of amino acids in muscle protei \her than

the amino acid oxidation in the liver to be used for metabolism or for fetal g v\lch rpay be the
Ss (Sc

reason for the increased urea to creatinine ratio in the cows exposed to heat stre eider, 1988).

Temperature and external dietary factors are the most iwtant fact\ors affe&g the efficiency of the

living antioxidant system. Natural and neutral antioxi ,palong v’th the levels of selenium,
manganese, zinc, and copper in the diet, help mamt@ levels of external antioxidants in the
tissue. Proper diet composition and ambient tenxatuw the dietary antioxidants to be efficiently

absorbed and metabolized (Shwartz et al., 2009). )

The concentration of blood factdts of o@s exposed to zinc, mist spray and mist spray + zinc
significantly decreased * nsNﬂh the control. According to West (2003), changes in
temperature affect fw Ce\wdy weight gain and the immune system of animals and decrease the
concentration efimin Is s ch as iron, zinc, selenium and chromium. As the ambient temperature and
rel tive \d the normal, the cow's overall ability decreases, leading to physiological

changes i the nimal's body. Some enzymes play an important regulatory role in the response of

animals to stressful conditions, and this response will be effective when cofactors such as selenium,
20



copper, zinc and manganese are available (Genther et al., 2015). Therefore, managing the ambient

temperature of the animal and proper nutrition can prevent the physiological changes if the animal's

body. h ‘

As was shown in the results, the activity of malondialdehyde, glutathione, p‘ow guperoxide
dismutase (SOD) was higher in the control which was under heao tl’\\ the other treatments. The
higher level of oxidative indices in the cows exposed to&eat stre§indica§ that heat has caused
oxidative stress in these cattle. Our results are consistent e findin?s of Karyak et al. (2011) that
heat stress increases lipid oxidation and production ofml ir1~dairy cows in the dry and lactation
periods through increased metabolic rate. Smce& suMe dismutase and glutathione peroxidase
enzymes play important roles in the cIeansin&fr(ajmals such as superoxide and hydroxyl, it can be

concluded that the increased acgivky es‘ enzymes in the control treatment is due to higher

production of free radicals (Be‘buccv‘al 2002).

The decrease in OXI c\n the cows exposed to mist spray and zinc diet can be attributed to
the decrease i tem and antioxidant properties of zinc. Zinc deficiency in the diet increases
oxi atlve &totkcell membrane due to the increase in free radicals in the cell (Sahin et al. 2005).

The zi eIem t stimulates the production of metallothionein which is an effective factor in the

cleansing of hydroxyl radicals, and thus plays a key role in reducing free radical production (Sahin et al.,
21



2005). Heat stress causes oxidative damage which could be minimized through supplementation of
vitamins C, E and A and minerals such as zinc. Vitamin E acts as an inhibitor — “chain blocker”- of lipid

peroxidation and ascorbic acid prevents lipid peroxidation due to peroxyl radicha r~ecycles

vitamin E; vitamin C and zinc are known to scavenge ROS during oxidative stresi(\w e’ al., 2018)
@

According to the results of this study, high levels of heat sh@té‘ 70 gene expression were

\

observed in the control in comparison with the other treatments.

Q
>

Heat shock protein gene expression in dairy cows has been previ uily reported by Collier et al. (2008).
One of the factors that increase the relative expr sthe P70 gene is heat stress. The essential

role that heat shock proteins play in cell p( Ong heat stress is illustrated by the fact that

overexpression of heat shock proteln ng organism from heat shock of blood circulation

and cerebral ischemia durlng heat stre e’ora|o and Koukoulas, 2000). Therefore, management

strategies to keep cool tf?\/ c\ uring breeding can prevent the increased relative expression

of the HSP70 gene.

Padmar'%t ZOO\Mhat increased internal capacity of antioxidants was a factor in the relative
se of 'H

de S 0 gene expression. Farnworth and Dufresne, (2001) also described the antioxidant

activity hanism of antioxidants by direct inhibition and/or removing oxygen free radicals and/or

22



reactive oxygen species and inhibiting oxidative enzymes in reducing HSP70 gene expression. This is

[ ¢

consistent with our research findings.

Therefore, the decrease in the relative expression of the HSP70 gene in the treatmmntang zinc

supplementation indicates the antioxidant property of this element, which cou‘ ;M\il’important
&

enzymes that have a significant effect on maintaining the b@bé‘een free radicals and the

N\

antioxidant system (Febbraio and Koukoulas, 2000).

N\
A ®
Conclusion
oQ X

The results of this experiment showed that rxgem d nutrition strategies can be generally
effective in thermal stress. As can be seen, th pplijtion of mist and zinc improved the amount of dry
matter intake, milk yield and its cgr’rﬁ;o . IrVerms of blood factors and antioxidant indices of cows
exposed to heat stress aIIevi*n st gies, there were significant differences with respect to heat
stress treatment. Also, t higN/&f heat shock protein 70 gene expression in the control compared
to other treatments showed the effect of management and nutrition strategies on heat stress reduction.

AIthoug&a& on and mist spray separately could reduce the thermal stress in cows, their

com tion h‘a rﬁore favorable effect.
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@

Table 1: Ingredients (% DM) of the experimental diet K

Ingredient % dry matter
Corn silage 40.41 \\’
Wheat straw 3.29
Barlev grain 1A
Corn grain. ground 1& ‘ \
Molasses W 494
Sovbean shells _»1.65 ;

Sovbean meal
Cottonseed meal

Balanced amino acid

Fat powder ). 65
Salt V B N 0.04
Calcium carbor‘te 0.49
Sodium bicafbonate /) 0.82
Magnesiu de. 0.28
MetHionine et 0.07
L e @ 0.44

i i akmineral 1.04

{ yﬂ Chemical composition of the experimental diet

Chemical composition

% dry matter

Crude protein (%
Acid Detergent Fib

)

)
er

17.90
30.00
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Starch (%) 24.30

Ether Extract (%) 4.70 t
Ash (%) 8.50 \
Cal(%) 1.20 h
P(%) 0.50 b \
Me(%) 0.40 \,
K(%) 1.70 a

AR _ N,
Zn(mg/keg DM) 3@ e 4
) N\
\N ‘\

Table 3: The details of primer sequences us ive real-time PCR

Gene symbol Direction Sequence of the primers
HSP70 Forward{ ™ N, 5"GACGACGGCATCTTCGAG-3'
ReVﬁibx ; 5'-GTTCTGGCTGATGTCCTTC-3'
18s rRNA Forwar = 5'-GGTTGATCCTGCCAGTAGCATAT-3'
e 5'-TGAGCCATTCGCAGTTTCACT-3’
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Table 4: The effect of experimental treatments ondry matter intake, (\Wt’and body

condition scoreof lactating cows

ltem T1 T2 P-value
Dry matter 21.00° 22.10° 26 10a ; \6 0.0143

de;/ weight 662° 666° 7112 A712"“ ‘ %, 0.0064
Body 2.73 2.76 2.88 91 0.027 0.1152
T1: control diet (without zinc mineral supplem fogbystem); T2:control diet + zinc
mineral supplement (75 mg/kg feed); T3: ¢ olidi fog system and T4: control diet + (zinc
mineral supplement (75 mg/kg feed) + fog s ).

The means within the same row with least o! common letter, do not have significant
difference (P>0.05). J

%
SEM:standard error of the rrqns
Table 5: The effeﬁof exp}mental treatments onvaginal temperature and temperature

humidity ind flacWows

em T1 T2 13 T4 SEM P-value
w \ ) 40.00 39.88 39.06 39.00 0.26 0.4298

Temperature.  77.70°  77.31°  60.00° 59.70° 0.52 0.0001
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T1:controldiet (withoutzincmineralsupplement and fog system); T2:controldiet+ zinc mineral
supplement (75 mg/kg feed); T3:control diet+ fog system and T4:control diet¥” (zinc mineral
supplement (75 mg/kg feed) +fog system).

The means within the same row with at least one common letter, do ntme 5|guficant

difference (P>0.05). \
‘ 4
SEM: standard error of the means. & \
o \ L
NS

Table 6: The effect of experimental treatments on milk yield and m‘k compositionsof lactating

COWS
N

Iltem T1 T2 T3 4 SEM P-value
Milk yield 25.8b 25.9b %3*’\‘ 35.52 0.55 0.0002
Milkurea  11.262 10.78 ( 9.15% 8.99° 0.064 0.0001

.. A

Milk fat (%) 3.14b 3.38% ) 338 3.49? 0.029 0.0158
Milk fat 0.84c 0868 , 1.11° 1.24° 0.013 0.0001
Milk protein 281 o 285 W' 2386 2.86 0.027 0.9
Milk protein 0.71* N 078 0.992 1.02° 0.014 0.0001
Lactose (%) 485N, W57 4.67 4.70 0.029 0.2626
Lactose (kg/d) 115> W\ 1.17° 1.66° 1.68° 0.021 0.0001
Total solids | 8.31%ud 8.33 8.42 8.50 0.058 0.6442
Total solids .098 2.13b 2.98° 3.03° 0.032 0.0001

A' Ag

Fat c%c& XI@’ 25.00° 23.3° 35.5° 0.61 0.0004
T1%¢controlidiet (without zinc mineral supplement and fog system); T2:control diet + zinc

minerahsupplement (75 mg/kg feed); T3: control diet + fog system and T4: control diet + (zinc
mineral supplement (75 mg/kg feed) + fog system).
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The means within the same row with at least one common letter, do not have significant
difference (P>0.05).

SEM: standard error of the means.
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Table 7: The effect of experimental treatments on blood biochfmicalfactors of lactating cows

&

.
ltem Calving T1 T2 T3 T4 SEM P-value
Glucose -21 3 942 3 7523 3 2K° 0.041 0.0025
e +21  3.31 3.22b 2.83¢ 0.041  0.0010
Freefattyacid -21 189.76° 177.01° 156.67¢ 2.90 0.0001
(mmol/L) +21  748.34° 642.80P 425.01¢ 3.31 0.0001
Beta-hydroxy -21 0.48 0.47 0.41 0.17 0.5285
butvric +21 3.31° 3.2 ﬁ.OQb' 2.83¢ 0.041 0.0010
Total protein -21 7.40 5 7.29 722 0.026 0.1690
[ [ o1 +21 6.89 %’5 .78 6.71 0.030 0.2473
BUN (mmol/L) -21 3.88° .34° 2.86°¢ 2.489 0.029 0.0001
+21 3.59° .36‘° 3.15° 2.92¢ 0.033 0.0006
Creatinine -21 93,78 3(10 91.34 88.55 1.22 0.4678
(mmol/L) +21 *80.3 79.15 77.27 73.61 1.24 0.3019
BUN/Creatinine -2 :040° 0.035° 0.031¢ 0.027¢ 0.0002 0.0001
+ . 0.041 0.040 0.039 0.0005 0.1254
T1: control diet (\m\out zmc mineral supplement and fog system); T2:control diet + zinc
mineral sup ent g/kg feed); T3: control diet + fog system and T4: control diet + (zinc
minera £ g/kg feed) + fog system).

eans v‘hln the same row with at least one common letter, do not have significant
dlffere (P>0.05).
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SEM: standard error of the means.

[ ¢

Table 8: The effect of experimental treatments on blood oxidation factorsof Iam CS\‘S

Iltem Calving T1 T2 T3 T4 P-value
Malondialdehyde  -21 8.3° 7.9° 7.5° 7.00¢ 0. 0.0001
(nmol/mL)  +21 8.8? 8.1° 7.6¢ . 0.046 0.0001
Glutathione = -21 65.70°  51.23° 46.40° 41.50 1.16 0.0004
peroxidase  +21 56.60 54.43 .20 49.70 1.13 0.2322

dismutase  +21 172.8%  154.02°¢ 143. 2.27 0.0096

T1: control diet (without zinc mineral supplem w Mstem) T2:control diet + zinc
+ fog system and T4: control diet + (zinc

Superoxide -21 176.5° 155.8° 141!6c E 7c 2.24 0.0008

mineral supplement (75 mg/kg feed); T3: c
mineral supplement (75 mg/kg feed) + fog sy )

The means within the same row with east one common letter, do not have significant
difference (P>0.05). Q
SEM: standard error of the m ns '
\\ )
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