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Abstract

Heat stress (HS) is a welfare issue and has detrimental effects on lactation and 
reproduction. When environmental temperature exceeds 25 °C or when thermal-
humidity index exceeds 75, cows exhibit HS signs. Feed intake, milk production, and 
fertility decrease and immune system is compromised in heat-distressed dairy cows. 
Managerial approaches cover barn design (stocking density, ventilation, shading, 
and sprinkling water) and animal’s handling and mating (synchronization and 
timed-artificial insemination), which are intended to cool down the cow. Nutritional 
approaches are intended to reduce heat production by the body and covers access 
to unlimited clean and fresh water, feeding at night, increasing feeding frequency, 
feeding fat, reducing forage percentage and increasing concentrate, K, Na, and 
Mg percentages in the ration, balancing protein fractions, modifying particle size, 
formulating alkaline diet, and supplementing cow with buffer and yeast cultures. 
In conclusion, both managerial and nutritional approaches help maintain body 
temperature so that lactation and reproduction potential can be achieved during 
hot weather.
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Introduct�on

Heat stress (HS) �s a costly problem �n da�ry operat�ons because of �ts 
deleter�ous effects on performance, lactat�on, and reproduct�on �n da�ry cows. It �s 
also an �mportant welfare �ssue. Manager�al approaches are �ntended to cool the cow 
and nutr�t�onal approaches are �ntended to compensate reduced dry matter �ntake 
(DMI). Env�ronmental mod�f�cat�ons to m�n�m�ze HS, coupled w�th an appropr�ate 
nutr�t�onal program are necessary to ma�nta�n �ntake and m�n�m�ze lactat�onal and 
reproduct�ve losses. The purpose of th�s rev�ew �s to emphas�ze manager�al and 
nutr�t�onal strateg�es to reduce adverse effects of amb�ent env�ronmental temperature 
on performance and product�v�ty �n da�ry cows.
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Heat Stress

All an�mals have a thermal comfort zone (TCZ), wh�ch refers to a range of 
temperature that allows the an�mal to exh�b�t normal phys�olog�cal status. Th�s range 
for the da�ry cows �s between -13 to 25ºC w�th a body temperature of 38.5-39.3ºC. 
Env�ronmental temperatures below and above th�s zone �s a s�gn�f�cant stressor to 
the cattle and �nterfere w�th express�on of the�r genet�c potent�als. Temperature-
hum�d�ty �ndex (THI) reflects the comb�ned effects of amb�ent temperature and 
relat�ve hum�d�ty, wh�ch �s calculated as follows:
THI = Ta�r - [0.55 - (0.55 x RH / 100)] x (Ta�r - 58.8), where Ta�r = a�r temperature (oF), 
RH = relat�ve hum�d�ty (%) or THI = 0.72 x (W+D) +40.6, where W = wet bulb 
temperature (°C) and D = dry bulb temperature (°C).

The THI values less than 70 are cons�dered comfortable, 71-80 m�ld and 81-
90 moderate stressful, and a value greater than 90 causes extreme d�stress w�th 
cows be�ng unable to ma�nta�n thermo regulatory mechan�sms or normal body 
temperatures (Table 1). When temperatures exceed 25°C or when THI exceeds 70, 
cows exper�ence HS, wh�ch �s accompan�ed by reduced dry matter �ntake (DMI), 
lower m�lk product�on, decreased m�lk fat percentage, decreased fert�l�ty, depressed 
�mmune system, and reduced act�v�ty as well as �ncreased ma�ntenance requ�rement, 
body temperature (> 39.3 °C), and r�sk for mast�t�s and lam�n�t�s. These can vary 
by 1) sever�ty of the env�ronmental cond�t�ons 2) level of m�lk y�eld and quant�ty of 
feed consumed 3) stage of lactat�on, 4) s�ze of the cow, 5) cool�ng management, 6) 
exerc�se requ�rements, and 7) breed and color.

For the cow, there are two sources of heat: the env�ronmental temperature and 
the heat produced �nternally from basal nutr�ent metabol�sm. Heat produced from 
nutr�ent metabol�sm �s lesser factor than env�ronmental heat sources. Solar rad�at�on 
and elevated amb�ent a�r temperature are pr�mary env�ronmental heat sources. 
Env�ronmental temperature �s aggravated by h�gh relat�ve hum�d�ty and lack�ng a�r 
movement.

Table 1. Temperature-hum�d�ty �ndex for da�ry cows

oC
Relat�ve hum�d�ty (%) Stress 

level40 45 50 55 60 65 70 75 80 85 90 95 100

23.9 No stress 72 72 73 73 74 74 75 75 M�ld
26.7 73 3 74 74 75 76 76 77 78 78 79 79 80

Med�um
29.4 76 77 78 78 79 80 81 81 82 83 84 84 85
32.2 79 80 81 82 83 84 85 86 86 87 88 89 90

Severe
35.0 83 84 85 86 87 88 89 90 91 92 93 94 95
37.8 86 87 88 90 91 92 93 94 95 97 98 99
40.6 89 91 92 93 95 96 97
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Mechan�sms by wh�ch the da�ry cow d�ss�pates body heat and ma�nta�n body 
temperature �nclude conduct�on, convect�on, rad�at�on and evaporat�on. The f�rst 
three depend on a relat�vely large d�fferent�al between body and env�ronmental 
temperatures, and the last one depends on relat�ve hum�d�ty. When the env�ronmental 
temperature �s close to the body temperature, espec�ally �n the presence of h�gh 
relat�ve hum�d�ty, all the cool�ng mechan�sms are comprom�sed.

Adverse Effects of Heat Stress on Lactat�on and Reproduct�on

Heat-d�stressed da�ry cows exh�b�t altered ac�d-base status result�ng from 
pant�ng (> 80 breaths/m�n) and sweat�ng, ways of evaporat�ve cool�ng. Sweat�ng and 
pant�ng are accounted for two and one-th�rds of evaporat�ve water loss, respect�vely. 
Increased the loss of CO2 v�a resp�rat�on reduces the blood concentrat�on of H2CO3 
and consequently, �ncreases blood pH (respiratory alkalosis). Compensat�on for 
the resp�ratory alkalos�s �nvolves �ncreased ur�nary HCO3

- excret�on, lead�ng to a 
decl�ne �n blood HCO3

- concentrat�on. At 35°C, water loss by sweat�ng �s est�mated 
to be 150g/m2 body surface/h.

Ret�culo-rumen mot�l�ty decreases. Consequent decrease �n the rate of d�gesta 
passage �s assoc�ated w�th lower product�on of volat�le fatty ac�d, w�th a h�gh per-
centage of acetate. Wh�le blood flow to d�gest�ve tract and other �nternal t�ssues 
decreases, blood flow to the sk�n surface �ncreases. In general, ur�ne volume �n-
creases.

The effect of h�gh env�ronmental temperature on cow performance �s med�ated 
through the body temperature. Decreased product�v�ty �s l�nked mostly to depressed 
DMI (Table 2), wh�ch �s an attempt to reduce heat product�on from the d�gest�on and 
metabol�sm of nutr�ents. Intake for Holste�n and Jersey cows �s negat�vely corre-
lated w�th m�n�mum and max�mum da�ly THI (-0.63 and -0.62, Holste�ns; -0.62 and 
-0.55, Jerseys). In NRC pred�ct�on model (1981), DMI for a 600-kg cow produc�ng 
about 27 kg of m�lk w�ll decl�ne by 8.2% (18.2 kg at 20°C to 16.7 kg at 35 °C) and 
ma�ntenance requ�rement w�ll �ncrease by 20% (Table 2). At 40 °C, ma�ntenance 
�ncreases by 32% and DMI decreases by 56% as compared to cows reared �n TCZ. 
Br�efly, a 0.56°C �ncrease �n temperature above 38.61°C causes 1.8 and 1.4 kg de-
creases �n m�lk y�eld and total d�gest�ble nutr�ents.

Even under TCZ, reproduct�ve performance of da�ry cows �s low due to 
�ncreased m�lk product�on assoc�ated w�th prolonged and severe negat�ve energy 
balance (NEBAL). The adverse of effects of HS on reproduct�on �s related d�rectly to 
the �ncrease �n body temperature and development of NEBAL. Infert�l�ty �s one of the 
most �mportant obstacles for susta�nable da�ry product�on �n trop�cal and subtrop�cal 
countr�es. Development of NEBAL and ex�stence of catabol�c prof�le (low blood 
glucose, �nsul�n, �nsul�n-l�ke growth factors, and growth hormone concentrat�ons 
and high non-esterified fatty acids, β-hydroxybutyrate, and glucagon) lead to silent 
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and/or short estrus and �mpa�r foll�culogenes�s, wh�ch eventually result �n reduced 
concept�on rate and prolonged calv�ng �nterval.

Heat stress suppresses synthes�s of reproduct�ve hormones, reduces qual�ty 
of oocytes, and �nterferes w�th foll�culogenes�s. Damaged somat�c cells w�th�n 
the foll�cles �nterfere w�th decrease estrad�ol synthes�s that �nfluences express�on 
of estrus through �ncreased secret�on of ACTH, ovulat�on, and the corpus luteum. 
Heat stress, �n general, does not dramat�cally �nfluence days to f�rst ovulat�on and 
estrus, but prolongs days open and �ncreases serv�ces per concept�on (> 2.5) due to 
early embryon�c loss and/or reduced concept�on rate (< 40%). Also, 1oC �ncrease 
�n rectal temperature �s assoc�ated w�th 20-30% reduct�on �n blood flow to uterus. 
Undernour�shed uter�ne t�ssues and �ncreased uter�ne temperature (> 40oC, normally 
38.6oC) comprom�se embryo surv�val (F�gure 1). In case of successful pregnancy �n 
heat-d�stressed da�ry cows, the result �s a del�very of calves w�th low b�rth we�ght.

Table 2. Effect of env�ronmental temperature (oC) on performance of da�ry cows

Temperature 
Pred�ct�on

Ma�ntenance (% of 
requ�rement at 10 oC)

DMI needed 
(kg/d)

DMI 
(kg/d)

M�lk y�eld 
(kg/d)

Water �ntake 
(l/d)

-20 151 21.3 20.4 20.0 51.1
-10 126 19.8 19.8 25.0 57.9
0 110 18.8 18.8 27.0 64.0

10 100 18.2 18.2 27.0 64.0
20 100 18.2 18.2 27.0 68.1
25 104 18.4 17.7 25.0 73.8
30 111 18.9 16.9 23.0 79.1
35 120 19.4 16.7 18.0 120.0
40 132 20.2 10.2 12.0 106.0

F�gure 1. Pregnancy rate of da�ry cows that have d�fferent rectal temperature at t�me of 
breed�ng
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Manager�al Strateg�es

Mod�fy�ng the env�ronment �s the most effect�ve way to reduce HS. Prov�d�ng 
shade �s the cheapest and best way to decrease rad�ant energy, but �t does not 
decrease a�r temperature. Shade w�th a 2.5 cm-�nsulat�on (3.7-4.6 m2/head) should 
be �nstalled on 2.1-4.4 m away from the cow. It �s shown that total heat load can be 
reduced by 30-50% w�th well-des�gned shade and that there �s a 10% ga�n �n m�lk 
y�eld s�mply by shad�ng cows. As compared w�th cows �n no shade, shaded cows 
have lower rectal temperature (38.9 and 39.4 ºC) and less resp�ratory rate (54 and 82 
breaths/m�n), and produce 10% more m�lk (Table 3).

Dur�ng per�ods of h�gh temperature and/or hum�d�ty, however, shade alone �s 
rarely enough. Thus, add�t�onal evaporat�ve systems, such as vent�lat�ng and spr�nk-
l�ng are needed. Us�ng fans and spr�nklers �mprove DMI by 7-9% and m�lk y�eld 
by 8.6-15.8% and reduce rectal temperature by 0.44-0.56 °C and resp�rat�on rate by 
17.6-40.6%. Spr�nkl�ng cows helps reduce body temperatures by �ncreas�ng evapo-
rat�ve cool�ng (F�gure 2) and ground temperature, as well. Interm�ttent spr�nkl�ng �s 

Table 3. Effect of shad�ng on performance of da�ry cows

Measurement Shade No shade
Rectal temperature (oC) 39.2 40.8
Resp�rat�on (count/m�n 83 133
Dry matter �ntake (kg/d) 20.7 16.8
M�lk y�eld (kg/d) 19.4 17.0

suggested to not to cause hum�d�ty, spr�nkl�ng of 2-3 m�n every 30 m�n.

F�gure 2. Relat�onsh�p between body temperature and amb�ent temperature for cows that are 
not cooled and are spr�nkled for 90 m�n before afternoon m�lk�ng
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Cows should not be handled �n hot weather, espec�ally after 10:00 hr because 
handl�ng �ncreases the body temperature about 0.5-3.5 °C. If needed, cows should 
be handled between m�dn�ght and 08:00 hr. Hold�ng and process�ng areas should 
have shade and spr�nklers.

Nutr�t�onal strateg�es to ma�nta�n reproduct�ve performance seem less effect�ve 
than manager�al strateg�es. A number of reports show that cool�ng and shad�ng �ncrease 
estrus durat�on and pregnancy rate and reduce calv�ng �nterval and percentage of 
cows w�th s�lent estrus by 50%. Thus, before and after art�f�c�al �nsem�nat�on, cows 
must be kept as cool as poss�ble. Through estrus synchron�zat�on and t�med-art�f�c�al 
�nsem�nat�on, breed�ng season should be sw�tched to cooler days of the year �n order 
to m�n�m�ze reproduct�ve losses.

Nutr�t�onal Strateg�es

The need for water �ncreases sharply as the temperature �ncreases (Table 2) 
because of water loss from sweat�ng and pant�ng. Prov�s�on of unl�m�ted quant�ty 
of clean, fresh, and cool water to the cow �s the most �mportant nutr�t�onal strategy. 
Normally, a cow consumes 2-3 L of water for each kg DMI and an add�t�onal 3-5 L 
of water for each kg of m�lk y�eld. As the env�ronmental temperature �ncreases from 
4.5 to 26.7 °C, the water consumpt�on �ncreases from 23 to 31 L �n dry cows, 60 to 
100 L �n cows produc�ng 18 kg m�lk, and 98 to 170 L �n cows produc�ng 30 kg m�lk. 
Although cool�ng water to below 15°C helps d�ss�pate body heat, offer�ng water 
at 20-27°C �s recommended dur�ng hot weather. Waterers should be placed under 
shade and on the way to m�lk�ng parlors.

The heat product�on of metabol�c funct�ons accounts for about 31% of the energy 
�ntake �n a 600-kg cow produc�ng 36 kg 4% fat-corrected m�lk. Heat product�on 
�ncreases as DMI and m�lk y�eld �ncrease. Energy expend�ture for ma�ntenance dur�ng 
hot weather �ncreases. Metabol�c heat product�on �ncreases after feed�ng, at d�fferent 
levels depend�ng upon feedstuffs �n rat�on. Heat �ncrement dur�ng metabol�sm 
accounts for two-th�rds of endogenous heat product�on. The order of heat �ncrement 
for nutr�ents, from the lowest to h�ghest, �s fat < concentrate < f�ber. When heat 
product�on �s reduced, less �s go�ng to be d�ss�pated and energy ut�l�zat�on eff�c�ency 
�s �mproved. Thus, dur�ng hot weather d�ets should be formulated to conta�n fat 
(5-6%), h�gh qual�ty (d�gest�ble) f�ber (a b�t reduced rate), and concentrate (a b�t 
�ncreased rate). That �s, the ration should be heated up to cool the cow down �n order 
to ma�nta�n �ntakes of nutr�ents due to depressed DMI (Table 4).

In order not to cause ac�dos�s, m�lk fat depress�on, off-feed cond�t�ons, and 
lam�n�t�s, d�ets should conta�n more than 55-60% concentrate. The percentages of 
nonstructural carbohydrates (NSC), ac�d detergent f�ber, and neutral detergent f�ber 
should be 33-38% at max�mum, 19% at m�n�mum, and 30% at m�n�mum, respec-
t�vely. Nonstructural carbohydrates can be �ncreased to 40% when the d�et conta�ns 



470 Proceeding of the 2nd International Seminar on Animal Industry | Jakarta, 5-6 July 2012

h�gh qual�ty forage. In part�cle s�ze separator, long (> 1.90 cm), med�um (0.79-1.90 
cm), and short (< 0.79 cm) part�cles should const�tute 6-10, 30-50, and 60-60%, 
respect�vely.

Both def�c�ent and excess crude prote�ns have detr�mental effects on fert�l�ty. 
Both cases also cause an �ncrease �n body heat product�on result�ng from reduced 
d�gest�b�l�ty �n assoc�at�on w�th reduced rumen mot�l�ty and excess�vely formed NH3 
�n assoc�at�on w�th a more than 60% rum�nally degradable fract�on, respect�vely. 
Excess�ve NH3 requ�res add�t�onal energy for hepat�c detox�f�cat�on.

Through sweat�ng cows lose K (human does Na). Thus, K requ�rements �ncrease 
dur�ng hot weather. Supplement�ng heat-d�stressed cows w�th K (1.5-1.6% DM), 
Na (0.5-0.6% DM), and Mg (0.35-0.4% DM) �s suggested. Prov�d�ng alkal�ne d�et 
reduces HCO3

- loss and compensates K loss, suggest�ng that d�etary cat�on-an�on 
d�fference (Na + K - Cl - S) should be pos�t�ve. Due to lower�ng f�ber/�ncreas�ng NSC 
�n the rat�on, supplement�ng heat-d�stressed cow w�th NaHCO3 (150-200 g/day/head 
or 0.75-1.0% of DM), n�ac�n (6 g/d), yeast cultures, and fungal products (Aspergillus 
oryzae) �s recommended. These supplements stab�l�ze rumen fermentat�on and 
reduce r�sk for m�lk fat depress�on and other fermentat�on related d�sturbances 
through �ncreas�ng f�ber d�gest�on, volat�le fatty ac�d product�on, turnover rate of 

Table 4. D�etary mod�f�cat�ons dur�ng hot weather*

Dry matter �ntake (% depress�on) 0 5 10 15 20
Resp�rat�on rate (count/m�n) < 75 80 85 90 95
Dry matter �ntake (kg/d) 24.1 22.9 21.7 20.5 19.3
Energy (NEL, Mcal/kg) 1.59 1.70 1.81 1.92 2.00
    Mcal/d 38.4 38.9 39.4 39.5 40.4
Crude prote�n (CP, %) 17.4 18.1 18.9 19.8 20.8
    Rumen undegradable prote�n 
    (% of CP) 39.4 42.7 45.7 48.7 51.7

Neutral detergent f�ber (%) 35.0 31.0 28.0 26.0 25.0
Fat (%) 0.0 1.0 2.0 3.0 4.0
M�nerals (%)
    Ca 0.46 0.70 0.73 0.78 0.82
    P 0.41 0.43 0.45 0.49 0.51
    Mg 0.25 0.27 0.28 0.30 0.31
    K 1.00 1.15 1.30 1.45 1.60
    Na 0.18 0.23 0.28 0.33 0.38
    S 0.20 0.21 0.22 0.23 0.24

*Est�mated for a 650 kg cow produc�ng 45 kg m�lk w�th 3.6% fat and 3.2% prote�n.
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lact�c ac�d, and numbers of cellulolyt�c bacter�a as well as m�n�m�z�ng var�at�ons �n 
rumen pH and ammon�a format�on.

Effect�veness of excess�ve supplemental v�tam�ns A and E �n heat-d�stressed 
da�ry cows �s controvers�al. Trace m�nerals (Zn and Cu) should be �ncreased to m�n�-
m�ze ox�dat�ve stress and boost �mmune potency. Other nutr�t�onal approaches to 
allev�ate heat stress �nclude 1) prov�s�on of total m�xed rat�on, 2) feed�ng at n�ght 
and after m�lk�ng, 3) �ncreas�ng feed�ng frequency to prov�de fresh and cool rat�on, 
and 4) add�ng water to rat�on.

Conclus�on

Heat stress has detr�mental effects on lactat�on and reproduct�on, wh�ch are ma-
jor �ncome sources �n da�ry operat�ons. Manager�al and nutr�t�onal strateg�es should 
be appl�ed s�multaneously to cool the cow down and reduce body heat product�on 
and ma�nta�n �ntakes of nutr�ents.
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