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ABSTRACT 

To evaluate the effect of two different cooling systems on production, 

physiological, and hormonal responses, 37 Holstein and 26 Brown Swiss dairy 

cows were allotted to three treatments. A control group of cows had access to 

only shade (C). A second group was cooled with spray and fan (S/F) and the 

third group was under an evaporative cooling system called Korral Kool® (KK). 

The trial lasted from May to September with a daily maximum temperature-

humidity index from 73 to 85. Milk production differences in Holstein cows were 

significantly increased by KK and S/F. No treatment differences in milk 

production were observed in Brown Swiss cows. Protein percentages were 

higher in C group compared to Korral Kool group only in Brown Swiss cows, 

while fat percentage were similar among treatments in Holstein cows. Rectal 

temperatures and respiration rates of the C group were higher than S/F and KK 

in both Holstein and Brown Swiss cows. 

Triiodothyronine levels in milk were significantly higher in KK group 

compared to S/F and C groups, while Cortisol levels were lower in C group than 

S/F and KK. Similar differences were observed in body weight and body 

condition score changes between treatments in Holstein or Brown Swiss cows. 

Pregnancy rate was increased in the groups under the cooling systems 

in Holstein cows, however this effect was not obsen/ed in Brown Swiss cows 

where C group had a higher pregnancy rate than cooled groups. 
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The cows under cooling systems spend more time eating and outside of 

the shade in the early afternoon (12:00 to 15:00) than control group. Cows 

injected with bST increased milk yield significantly only in Brown Swiss cows, 

whereas respiration rates were increased in both breeds by bST but rectal 

temperatures were similar between bST and non- bST cows. 

These results demonstrate that both cooling systems are an alternative 

to increase productive and reproductive performance and comfort of Holstein 

cows during summer in hot-dry climates. The physiological responses of Brown 

Swiss cows indicated a better adaptation to a hot climate, however their milk 

production was lower than in Holstein cows. 
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CHAPTER 1 

INTRODUCTION 

High environmental heat adversely affects productivity of animals in hot 

climates by disturbing the normal physiological balance of the animal body and 

in particular the energy, hormonal, thermal and water balances (Johnson, 

1980). Lactating dairy cattle are very sensitive to thermal stress due possibly to 

their specialized productive function and to their high efficiency of feed 

utilization (Hodgson, 1973). Negative effects of thermal stress on milk yield and 

composition have been reported (Thatcher, 1974). Dairy cattle increase their 

respiration rate and rectal temperature when exposed to a high environmental 

temperatures (Ingraham et al., 1974). These responses have been used as a 

measure of dairy cow comfort and adaptability to adverse environment and as 

measures of effectiveness of environmental modifications (Wiersma and Stott, 

1969). 

Endocrine effects on milk synthesis during heat stress are complex. 

Decreased secretion of thyroxine (T4), triiodothyronine (T3) and growrth 

hormone and a resulting decrease in metabolic activity may help alleviate heat 

stress (Fronk et al., 1983; Magdub et al., 1982). 

High temperatures also have been associated with reproductive failure in 

the female by altering the length of estrous cycles, shortening the period of 
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estrus behavior, decreasing intensity of estrus, inducing anestrus and impairing 

implantation (Bond and McDowell, 1972). A decline in conception rate during 

heat stress has been associated with elevated rectal temperatures and uterine 

temperatures (Gwazdauskas et al., 1973). Environmental modifications have 

been recommended to reduce heat stress, including water sprays and fans 

(Armstrong, 1994) and evaporative cooling (Ryan et al., 1992) under shades. 

Hartnell and Collier (1989) reviewed the literature of the response of 

dairy cows to bovine somatotropin (bST) in tropical and subtropical climates 

and found that heat stress did not affect milk yield response of cows given bST. 

In California and Arizona studies, cows given bST under heat stress conditions 

responded with increased milk yield as compared to control cows (Armstrong et 

al., 1990; Bath et al., 1990). However, some dairymen in the southern United 

States often decrease their use of bST during periods of high ambient 

temperatures because they have not observed a milk yield response to bST. 

All of the above studies were with Holstein cows as they are the predominant 

dairy breed although the Brown Swiss and Jersey breeds are recognized to be 

more heat tolerant (Johnson, 1965). 

Objectives of this study were to; 1) determine the effects of two different 

cooling systems on milk production, milk composition, reproductive 

performance, animal behavior, body weight and body condition score; 2) 

evaluate the potential to maintain the comfort zone in Holstein and Brown 

Swiss cows with spray and fans or the Korral Kool systems of cooling, using as 
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indicators rectal temperature and respiration rate; 3) compare concentrations of 

triiodothyronine and Cortisol in milk of Holstein and Brown Swiss cows under 

shade alone compared to spray and fans and Korral Kooi systems; 4) 

evaluate effects of bST on milk yield and physiological responses in cows 

subjected to only shade or the different cooling systems. 
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LITERATURE REVIEW 

Definition of heat stress 

Heat stress has been defined as a hot environmental condition that is 

adverse to the well being of an animal (Stott, 1981). Bligh and Johnson (1973) 

defined it as any change in the thermal relation between an organism and its 

environment which, if uncompensated by a temperature regulatory response, 

would disturb thermal equilibrium. Buffington et al. (1981) considered heat 

stress as any combination of environmental conditions that causes the effective 

temperature of the environment to be higher than the thermoneutral zone. 

Thermoneutral zone 

The range of ambient temperatures, within which metabolic rate is 

normal and temperature regulation is achieved by nonevaporative physical 

processes alone, is regarded as the zone of thermoneutrality or comfort zone 

(Bligh and Johnson, 1973). Within this zone, minimal physiologic cost and 

maximum productivity normally are achieved (Folk, 1974). A number of studies 

have reported the range of ambient temperatures for dairy cow's comfort. 

Johnson and Vanjonack (1976) reported the zone of thermoneutrality between -

5 and 24°C. Others consider this range to be from 5 to 25°C (McDowell, 
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1972), or 1.7 to 21 °C, depending on breed, degree of acclimatization, milk 

production, and feed intake (Johnson and Vanjonack, 1976). 

The upper critical temperature is defined as the ambient temperature 

above which thermoregulatory evaporative heat loss processes of a resting 

thermoregulating animal are recruited (Bligh and Johnson, 1973). Dairy cattle 

above the upper critical temperature, have increased respiratory rate and rectal 

temperature concomitant with a decline of milk yield and reproductive 

performance (Bitman et al., 1984). Upper critical temperature will vary 

depending on several factors, including degree of acclimatization, rate of 

production (growth or lactation), pregnancy status, air movement around the 

animals and relative humidity (Fuquay, 1981). 

Body temperature is maintained by the thermoregulatory system within 

1°C of its normal temperature under ambient conditions that do not impose 

heat stress (Blight and Harthoorn, 1965). At air temperatures above the upper 

critical temperature, body temperature gradually rises and feed intake and 

productivity decline. Estimates of ambient temperature at which body 

temperature rises result mostly from studies in which animals were exposed for 

short periods to constant temperatures in climatic chambers. Prolonged 

exposures allow adaptations that reduce the effect of a given temperature 

stress (Kamal et al., 1962). In lactating dairy cattle, complete adaptation to 

constant temperature (29°C) in climatic chambers was not attained within 9 

weeks of continuous exposure (Kibler et al., 1965). Most of the heat stress 
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studies in environmental chambers use constant temperature and humidity 

during the whole experimental period. The results of such experiments are 

different from the effects of natural heat stress, which change over 24 h period 

(Kibler and Brody, 1956). The only effective mechanism for cooling the animal 

under environmental chambers is through evaporation (Kamal and Ibrahim, 

1969a). 

Thermoregulation and physiological responses 

of dairy cattle to heat stress 

Thermoregulation is defined as the means by which an animal maintains 

its body temperature (Fuquay, 1981). Heat stress is caused by a decreasing 

heat transfer from an animal to its environment which would be influenced by 

high air temperature, high air humidity, low air movement and thermal radiation 

load. High air temperature is usually the primary cause of heat stress, although 

other factors such as humidity may intensify that stress (Morrison, 1983). One 

way to estimate the combined effects of temperature and humidity is the 

temperature-humidity index (THI). The combined effects of both factors can be 

related to animal comfort and performance (Buffington et al., 1981). It has been 

reported by Shrode et al. (1960) that ambient temperature is the most critical 

factor causing heat stress, followed by solar radiation, vapor pressure and air 

movement in descending order of importance. Dairy cattle are homeotherms 

and are capable of maintaining a relatively constant body temperature which is 
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essential to biochemical reactions and physiological processes associated with 

normal metabolism (Shearer and Beede, 1990). The dairy cow regulates its 

body temperature at a relatively constant and high (~38.5°C) temperature 

(Hansen, 1995). For each increase of one Temperature-Humidity index (THI) 

unit above 72, rectal temperature is increased .12°C (Johnson et al., 1962). 

As ambient temperature rises, the thermal gradient between animals and 

their environment decreases. This reduces quantity of heat animals can lose to 

the environment by physical means, such as convection and conduction, thus 

forcing utilization of other strategies for dissipation of body heat. These include 

behavioral changes, decreased feed intake, increased evaporative losses (i.e., 

respiratory and sweating), increased water intake and alterations of body fluid 

volume and blood flow distribution (Collier et al., 1982a). 

An increase in body core temperature encourages adaptive efforts by 

the dairy cow to increase heat loss by redistributing blood flow to peripheral 

body tissues (Oakes et al., 1976). The increase in blood flow to the skin 

induces peripheral vasodilatation in preparation for sweating and evaporative 

heat loss (Shearer and Beede, 1990). Another study showed a reduced blood 

flow to mammary gland in response to heat stress, as well as reduced feed 

intake (Lough et al., 1990). During heat stress the cow attempts to correct heat 

imbalance by using cooling strategies. Bligh (1985) indicated four basic 

avenues for cooling; Nonevaporative or sensible heat loss (the flow of heat to 

the environment can be sensed as heat) through convection, conduction and 
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radiation, and evaporative or insensible heat loss (the induced environmental 

change is detectable as humidity, not heat). The nonevaporative avenues 

require a heat gradient or temperature difference between the cow's body and 

the environment. Unfortunately, during the summer this temperature difference 

becomes too small for effective cooling (Beede et al., 1987). 

KIbler and Brody (1950a) found that about 75% of the total heat 

dissipation was by nonevaporative avenues for Holstein and Jersey cows 

maintained in environmental chambers at 10°C. However, as environmental 

temperatures increased above 10°C more of the heat dissipation occurred 

through evaporative losses (evaporative cooling via the outer body surface and 

through the respiratory tract). At 30°C evaporative cooling from the outer body 

surface and respiratory tract comprised 78% of the total heat loss, whereas, 

nonevaporative cooling accounted for only 22%. Evaporative heat loss is 

dependent on a vapor-pressure gradient between the cow and her 

surroundings and is enhanced by higher wind speed and hindered by high 

humidity (Beede et al., 1987). In an environment of 15°C, 46% of the total 

evaporative heat loss is from the skin and 54% from respiration, while in an 

environment of 35°C, 62% is from the skin and 38% from respiration (McLean 

and Calvert, 1972). Increased respiration rate (panting) is not as effective as 

sweating in increasing evaporative moisture loss and panting also increase the 

animal's heat production (Thompson, 1973). An increase in respiratory rate or 
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panting expends energy consequently increasing the cow's daily maintenance 

requirement by 7 to 25% (NRC, 1981). 

Evaporative cooling can be utilized by two approaches: 1) direct 

evaporation from the skin surface of the cows or 2) indirect evaporation by 

cooling the microenvironment of the cows with cooling pads and fans in an 

enclosed barn (Taylor et al., 1986) or a shade structure equipped with 

mechanical cooling units (Wiersma, 1982). 

Thermoregulation involves a balance between heat gain and heat loss. 

Metabolic heat includes maintenance plus increments for exercise, growth, 

lactation, gestation and feeding. High rates of these activities will result in more 

heat production from metabolism. In addition to heat gained from metabolism, 

heat is gained from the environment. During daylight hours almost all of the 

heat gained from the environment comes directly or indirectly from solar 

radiation (Fuquay, 1981). 

Effect of high ambient temperatures on milk production and milk 

composition 

Studies with dairy cattle report reductions in milk production of 10 to 25% 

during the summer months (Thatcher et al., 1974; Schneider et al., 1984). 

Johnson et al. (1962) reported a reduction in milk production of 0.26 kg for 
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each unit increase of THl over 72. Reduction in feed intake is considered a 

major cause of reduced milk production (Christopherson and Kennedy, 1983). 

During heat stress, dry matter intake begins to drop as temperatures rise above 

26°C: intakes are 90% of normal at 30°C, 75% of normal at 32°C, and only 

67% of normal at 40°C (Johnson et al., 1963; Shearer and Beede, 1990). The 

reduction in dry matter intake and therefore less heat generated during ruminal 

fermentation and body metabolism assisted in maintaining heat balance 

(Fuquay, 1981). It has been estimated that for each .45 kg of milk, a 454 kg 

cow produces 10 kcal of metabolic heat per hour (Brody et al,, 1948). 

Heat stress increases maintenance requirements from elevated body 

metabolism and activity to alleviate excess heat load which leads to decreased 

feed efficiency (NRC, 1981). The response of lactating cows to hot environment 

was related to their stage of lactation; cows in midlactation (100-180 d) were 

more adversely affected by high temperatures than cows in early lactation, 

probably due to higher feed intake (Maust et al. 1972). High producing and 

muciparous cows are more susceptible to heat stress than low producers and 

primiparous cows as they have a greater metabolic activity and produce more 

heat than cows at lower production levels (West, 1994). Both Holstein and 

Jersey cows (Ragsdale et al., 1949) and Brown Swiss cows (Ragsdale et al., 

1951) under heat stress conditions have reduced milk production. However, 

reports of breed comparisons among lactating animals have shown that Jersey 
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COWS are less sensitive to hot conditions than Holsteins (Harris et al., 1960). It 

has been determined that under conditions of 34°C and 46% relative humidity, 

milk production is 63, 68 and 84% for Holstein, Jersey and Brown Swiss cows 

compared to that at 24°C and 38% relative humidity (Ragsdale et al., 1953). 

Research conducted by Igono et al. (1985) did not find any difference in 

milk temperature between Holstein and Guernsey cows, but within-breed milk 

temperatures increased with production. Legates et al. (1991) reported that the 

order of decreasing thermotolerance to hot conditions was Jersey, Guernsey, 

Ayrshire, and Holstein, both in field and climatic chamber conditions. 

On the other hand, Folman et al. (1979) found an 8% decline in milk 

production in Israeli-Frisian cattle for summer conditions when the mean 

maximum temperature was 33.6°C and maximum humidity was 78% compared 

to winter conditions with 19.3°C and 73%. Cattle raised at 27°C showed 

significantly milder heat stress reaction when exposed to high temperatures 

compared with those reared at 10°C. Dairy cows under heat stress during the 

last trimester of pregnancy produced 12% less milk in their next lactation 

compared to non stressed cows (Collier et al., 1982b). 

Fat percentage in milk of dairy breeds decreased under high ambient 

temperatures (Thatcher et al., 1974). A study conducted by Rodriguez et al. 

(1985) observed as the temperature rose from 8 to 36°C, milk fat and protein 

percentages fell from 3.85 to 3.31 and from 3.42 to 2.98%, respectively. Small 
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effects on milk composition were noted at 28°C. Legates (1960) reported that 

environmental temperatures which range from -1 to 21 °C do not appreciably 

influence the composition of milk. Likewise, variations in humidity do not appear 

to influence milk composition when the temperatures are below 24°C. Milk 

production was affected by climate more than milk composition in Holstein 

cows, but in Jerseys milk composition appeared more sensitive than in 

Holsteins (Sharma et al., 1983). 

Increased milk somatic cells counts (SCC) and a high incidence of 

clinical mastitis in dairy cattle occur during the hot summer months (Paape et 

al., 1973), resulting in lost production at a cost of approximately 2 billion dollars 

annually (Jasper et al., 1982). This high incidence of SCC apparently is from an 

increased incidence of subclinical mastitis (Collier et al., 1982a). These 

observations suggest that heat stress may amplify the cow's susceptibility to 

infection by either decreasing host resistance or by increasing host exposure to 

pathogens, created by conditions that favor their growth and propagation in the 

cow's environment (Morse et al., 1988). An indirect effect on immune system 

may occur as a result of decreased feed intake, and consequently, a decreased 

uptake of nutrients such as vitamin E and selenium for optimal immune action 

(Hogan et al., 1990). Analysis of data over two years showed that highest SCC 

were 950,000 to 1,000,000/ ml in July and August and the lowest SCC were 

600,000 to 650,000/ml in March (Bodoh et al., 1976). 
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Effect of high ambient temperatures on reproduction 

Female fertility is regulated by an animal's genetic composition and 

environmental factors (Amir et al., 1982). Environmental factors can be 

grouped into general factors that affect an entire herd such as climate, herd 

management, skill of inseminator, quality of semen; or special factors that 

affect an individual cow, such as milk yield or number of days postpartum 

(Janson, 1980). Ruvuna et al. (1983) found longer days open in Holstein cows 

compared to 1/2 Holstein -1/2 Brown Swiss or 5/8 Holstein -1/4 Brown Swiss -

1/8 Jersey during the warm season. Extremely hot environments disrupt 

homeostasis and can indirectly alter reproductive function (Gwazdauskas, 

1984). Decline in fertility has been associated with elevated rectal and uterine 

temperatures (Gwazdauskas et al., 1973). 

Ulberg and Burfening (1967) found that pregnancy rates declined from 

61 to 45% when rectal temperature at 12 h postbreeding was increased 1°C. 

Cattle exposed to 32.2°C for 72 h after insemination had 0% conception and 

rectal temperatures of 40°C, compared with 48% conception when rectal 

temperatures were 38.5°C and ambient temperature was 21.1°C (Dunlap and 

Vincent, 1971). Conception rates in Israel In the summer are about 20% 

compared to about 50% in winter (Ron et al., 1984). Conception rates as low as 

10% also were noted in Mexico and in southern US during the summer months 

(Ingraham et al., 1974). Studies in Florida reported 18-24% of the estrous 
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periods were detected during the summer as compared to 35-56% at other 

times of the year (Thatcher and Collier, 1986). Decreased rate of estrous 

detection occurs because heat stress causes a reduction in the intensity and 

duration of estrus (Heret al., 1988). Duration of estrus averaged 17 h in heifers 

maintained at 18.2°C and only 12.5 h at 33.5°C (Abilay et al., 1975). The 

reduction in the intensity of estrus may be caused by lower estradiol 

concentrations in heat stressed cows (Gwazdauskas et al., 1981). 

The elevated temperature within reproductive organs may be due to 

decreases of blood flow induced as a result of lower estrogen concentrations in 

plasma. The lower concentrations of estrogen also may alter normal ova 

maturation prior to ovulation (Ingraham et al., 1974). It also has been reported 

that hyperthermia decreases the survival of early zygotes and embryos 

(Dunlap and Vincent, 1971). Severe periods of heat stress, in which body 

temperatures reach 40 to 41 °C in lactating dairy cattle on the day of estrus and 

1-2 days after fertilization, cause a high rate of abnomrial embryonic 

development and death by day 7 (Ealy et al., 1993). Heat stress appears to 

enhance uterine secretion of PGF2oc, which may antagonize maintenance of 

early pregnancy (Wolfenson et al., 1993). A reduced production of interferon 

tau, an antiluteolytic protein that causes attenuation in PGFax secretion, has 

been proposed as a possible cause of increased secretion of PGFax in dairy 

cows under heat stress (Thatcher et al.. 1994). Interferon tau is a complex of 

proteins produced by the trophoblast of ruminants and is implicated In 
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maintenance of the corpus luteum during pregnancy (Roberts et al., 1992). 

Interferon tau exerts its effects at least in part on secretion of PGF2a, and 

by induction of an endometrial prostaglandin synthesis inhibitor (Basu and 

Kindahl, 1987). On the other hand, these proteins suppress oxytocin receptors 

during pregnancy, affecting the release of PGF2a from the uterus by oxytocin, 

thus preventing the occurrence of luteolysis (Wolfenson et al., 1993). Thatcher 

(1995) estimated that 10 to 15% of pregnancies of cows fail because of a 

reduced production of interferon tau. A procedure to reduce this problem is the 

transfer of trophoblastic vesicles which secrete interferon tau, thus enhancing 

conception rates in lactating dairy cows (Ryan et al., 1994). Trophoblastic 

vesicles from ewes extended corpus luteum lifespan in cows when transferred 

in utero (Heyman et al., 1984). 

Recent studies suggest that the susceptibility of very young mammalian 

embryos to elevated temperatures may be because of their inability to produce 

heat shock proteins (HSP). These proteins are produced by many tissues in 

response to elevated temperatures and enhance resistance to environmental 

stressors, but young embryos are unable to produce HSP in response to high 

temperatures (Muller et al., 1985). When embryos reach the blastocyst stage of 

development they are able to produce HSP and can develop thermotolerance 

(Putney fit al., 1989). Additionally, some of the HSP (HSP90 and HSP70) are 

components of progesterone receptors, and it is possible that increased 

synthesis of these proteins by heat-shocked endometrium could increase 
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responsiveness of endometrial tissue to progesterone (Smith and Toft, 1993). 

Heat stressed bovine embryos may have reduced capacity to produce the 

signal that initiates the process of "maternal recognition of pregnancy". This 

signal is thought to be the secretion of bovine trophoblastic protein-1 in 15-17 

day embryos (Thatcher et al., 1989). 

Several studies reported that hyperthermia reduces progesterone levels 

during the luteal phase of the cycle. Lower luteal progesterone concentrations 

have been associated with lower conception rates (Rosemberg et al. 1982). 

Jersey cows have higher luteal progesterone secretion than Holsteins during 

the summer (Fuquay, 1995). The administration of progesterone on days 

1,2,3, and 4 of pregnancy may enhance embryo growth and development 

(Garret et al., 1988). 

Estradiol in blood has also been evaluated in hyperthermic dairy cattle 

(32°C ambient temperature) and preovulatory peaks of estradiol were lower 

and duration of estrous was shorter than in animals exposed to 21.3°C. Wise 

et al. (1988) evaluated the effects of a cooling system on progesterone and 

estradiol concentrations. These hormones were not influenced by cooling 

during the estrous cycle. Serum Cortisol concentrations, however, were 

elevated in heat stressed cows compared with cooled cows. Mean LH release 

and LH pulse amplitude did not differ between the groups. 

\ 
\ 
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Endocrine response of dairy cows to high ambient temperatures 

Insulin 

Herbein et al. (1985) found that plasma insulin decreased in Holstein cows 

from 0.744 ng/ml in winter (-2.8°C), to 0.581 ng/ml during summer (20.5°C). 

Similar results were found by Denbow et al. (1986) who reported that plasma 

insulin concentrations were lower in summer (.69 ng/ml) than in winter (.87 

ng/ml) or spring (.89 ng/ml). A study to evaluate effects of cooling systems on 

insulin concentrations indicated that Holstein cows at 120 d of lactation under 

evaporative cooling had higher levels of plasma insulin (12.6 ^IU/ml) compared 

to refrigeration (9.7 |ilU/ml) and shade only (8.4 |ilU/ml); however, these 

differences were not significant (Deresz, 1987). Effects of heat stress on 

plasma insulin concentrations in dry cows have also been observed. Kamal et 

al. (1970) reported that heat stress decreased insulin from 34 to 19.8 ja units/ml 

when dry Holstein cows were maintained for 3 d at 18 vs. 32°C and 50% 

relative humidity. Lower insulin during the summer months may be the result of 

reduced feed intake and decreased volatile fatty acids, which are potent 

stimulators of insulin secretion in ruminants (McAtee and Trenkle, 1971). 

Somatotropin 

Somatotropin (ST) is a homeorhetic control factor that regulates 

utilization of absorbed nutrients (Bauman and Vernon, 1993) and is known to 

influence milk yield. Concentrations of ST are reduced by thermal stress 
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(Beede and Collier, 1986). Heat production was increased in cattle that were 

administered ST in both cool and hot conditions (Yousef and Johnson, 1966). A 

reduced secretion rate, fractional turnover rate, and plasma concentration of ST 

were reported when cows were exposed to 35°C and 50% RH (relative 

humidity) compared to exposure at 18°C and 50% RH (Mitra et al., 1972). 

Lactating cows exposed to heat (28.9°C, 55% RH) had somewhat 

lower plasma ST than when they were exposed to cool temperatures of 18.3°C 

and 75% RH (Mohamed and Johnson, 1985). Milk ST was greater as milk yield 

increased but declined when THI exceeded 70. The correlation between milk 

yield in high producing cows and milk ST decreased from .80 to .62 when THI 

increased from 40 to 70 respectively, which suggests that the environment had 

an increasingly important effect on milk yield (Igono et al., 1988). Blood plasma 

ST and milk yield were correlated positively, between 15 and 30°C (r= .69 and 

.49 respectively) during the spring season (Johnson and Vanjonack, 1976). 

Lower plasma ST was related to high environmental temperatures and not to 

nutritional status of the cow (McGuire et al., 1991). The reduction in plasma ST 

during hot weather suggests a metabolic response to environmental conditions 

that may be protective in nature and must be considered if high milk yield is to 

be maintained (West et al., 1990). 
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Thyroid Hormones 

Thyroid hormones, either thyroxine (T4) or triiodothyronine (T3), are 

known to play an important role in the animal's adaptation to environmental 

changes. These hormones are associated with metabolic homeostasis and 

respond to climatic changes. A general depression of thyroid gland function 

was found during the summer (Vanjonack and Johnson, 1975) and normal or 

elevated activity was reported during the winter (Christopherson et al., 1979). 

A reduced response of T3 and T4 to treatment with thyroid releasing hormone 

was reported in steers exposed to heat stress for 3 d (Pratt and Wettemann, 

1986). Hypothyroidism can result in reduced gut motility, since providing dietary 

thyroprotein to cattle with damaged thyroid glands enhanced rate of passage of 

digesta (Miller et al., 1974). Reduction of thyroid gland activity during heat 

stress likely reduced gut motility and rate of passage (Beede and Collier, 1986). 

Environmental modifications such as shade and cooling systems can alter 

thyroid activity when cattle are exposed to heat stress (Collier et al., 19825; 

Gomila et al., 1977). 

Altered thyroid activity can affect voluntary feed intake. This may occur 

by a coupling of the thyroid regulating system and the caloric homeostasis 

system involving thermoreceptors in skin or thennosensitive neurons in the 

hypothalamus (Distefano, 1969). Endocrine control of metabolism may be 

affected by amount of feed consumed or thermal stress (Magdub et al., 1982). 
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Concentrations of T3 and T4 were also related positively with the energy 

balance of lactating cattle (Refsal et al., 1984). One study reported higher 

levels of T4 in heat stressed cows compared to cows in thermal comfort and 

restricted intake (McGuire et al., 1991). T3 may be more involved with 

thermogenesis under heat stress than T4 since some investigators have 

reported that T3 declined significantly in heat stressed cattle (Magdub et al., 

1982; Mohamed and Johnson, 1985). It has been reported that concentrations 

of thyroid hormones decrease under heat stress conditions by up to 25% 

(Collier et al., 1982b). This effect does not occur abruptly, taking at least 72 

hours for the full decline. Pratt and Wetteman (1986) found that changes in 

thyroid function after changes in ambient temperatures required at least 2 d to 

be expressed in cattle. This reduction has been found to be 15% and 37% after 

48 and 72 h of heat exposure, respectively, in Friesian cows. Thyroid activity 

during the summer decreased 16% in Friesian cows compared to spring 

(Kamal and Ibrahim, 1969b). The decrease in thyroid hormones was 

associated with a reduction in basal metabolic rate and muscle activity, 

resulting in decreased heat production (Alnaimy et al., 1992). 

Glucocorticoids 

Activation of the hypothalamic-pltuitary-adrenal axis and the consequent 

increase of plasma glucocorticoids are perhaps the most important responses 

of animals to stressful conditions. Adrenal corticoids, mainly Cortisol, elicit 
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physiological adjustments which enable animals to tolerate stressful conditions 

(Christison and Johnson, 1972). Adrenocorticotropic hormone from the anterior 

pituitary stimulates the adrenal cortex to release corticoid hormones, which act 

to increase energy supply and availability (Seyle, 1976). 

The effects of high temperatures on Cortisol level are inconsistent. In 

some studies, heat stress increased plasma glucocorticoids (Satterlee et a)., 

1977) and in others they are either decreased significantly (Collier et al., 

1982a), or were not affected (El-Nouty et al., 1980). 

Research conducted by Alvarez and Johnson (1973) showed that at 

35°C glucocorticoids were 13% higher than at 18°C on the third day of 

exposure and then declined for the duration of exposure (24 d). They 

concluded in their research that plasma Cortisol level increases during acute 

heat stress and decreases during the chronic phase. The increase of plasma 

Cortisol level during acute heat stress was attributed to its hyperglycemic 

action; thus increasing gluconeogenesis to provide for increased glucose 

utilization in heat stressed animals. The decline which occurs in chronic heat 

stress was attributed to the fact that Cortisol is thermogenic in animals and, 

consequently, the reduction of adrenocortical activity under thermal stress is a 

thermoregulatory, protective mechanism reducing metabolic heat production in 

a hot environment. The differing responses in glucocorticoids to acute and 

chronic heat stress may be related to an altered adrenal metabolism. 
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Roman-Ponce et al. (1981) found lower glucocorticoid release to 

adrenocorticotropic hormone (ACTH) challenge in chronically thermal stressed 

animals. However, these animals had much higher progesterone release in 

response to ACTH than controls. Because progesterone is a precursor of 

Cortisol, the lower glucocorticoid and higher progesterone concentrations in 

heat stressed animals may be due to reduced conversion of progesterone to 

Cortisol. 

Aldosterone and ADH 

Some hormonal responses to thermal stress are associated with altered 

water and electrolyte turnover because evaporative water loss is the major 

route of heat exchange when ambient temperature approaches body 

temperature (Collier et al., 1982b). Aldosterone is a steroid hormone secreted 

by the adrenal cortex that causes resorption of sodium and, concomitantly, a 

large flux of water to the kidney (Collier et al., 1982a). In mammals increasing 

plasma Na concentrations may directly inhibit aldosterone secretion. In the 

absence of aldosterone, the ratio of K to Na increases; high K is a direct 

stimulus to aldosterone secretion (Hadley, 1996). 

Plasma aldosterone concentrations decreased significantly in European 

cattle at high environmental temperatures, due to a large decrease in 

potassium retention in animals suffering heat stress. This is probably because 

of the inhibitory effect of higher serum sodium observed during dehydration on 
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plasma aldosterone secretion. With prolonged heat exposure, 

mineralocorticoids seem to decrease because of the change in blood 

electrolytes. The increase in body fluids which occurs in heat-stressed cattle 

may also be partly responsible for this decrease, since an increase in the 

extracellular fluid volume decreases aldosterone secretion. The decrease in 

aldosterone and parathyroid hormone secretions in heat stressed cattle is 

probably associated with both a rise in urinary mineral excretion and an 

increase in body fluid and water turnover rates, which dilute the absolute 

quantities of plasma minerals and help in the washing out of these minerals 

during heat stress. These hormones may contribute to the reduction of blood 

electrolytes, because the increase of glucocorticoid hormones leads to tissue 

destruction: thereby eliminating minerals from the body through the urine and 

feces. Also, the increase in glomerular filtration rate in the kidney may 

contribute to reduced blood electrolytes (AInaimy et al., 1992). 

Aldosterone is associated with antidiuretic hormone (ADH) to maintain 

the homeostatic regulation of specific nutrients. ADH is a peptide hormone 

released from the neurohypophysis and has two major physiological actions: it 

induces the contraction or relaxation of certain types of smooth muscle, and 

promotes the movement of water and Na across responsive epithelial tissues 

(Hadley, 1996). 
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The rise in ADH and higher extracellular fluid volume may be related to 

decrease in aldosterone during heat exposure. Also, this may explain why 

cattle are one of the few species that do not concentrate urine during heat 

stress periods. Thermal stress in cattle increases blood concentrations of ADH, 

and these high concentrations are associated with need to conserve water and 

increase water intake as water losses in the respiratory tract and skin increase 

(El-Nouty et al., 1980). Increased water turnover requires associated increases 

in electrolyte turnover to move water through various fluid pools to the 

evaporative surfaces. A major difference exists between ruminants and 

nonruminants with respect to location of Na and K loss during thermal stress. 

Nonruminants produce sweat higher in Na than ruminants. This likely is related 

to the diets of ruminants which typically contain lower levels of Na than those of 

nonruminants. Accordingly, thermal stress imposes a need to conserve more 

Na in nonruminants and more K in ruminants (Beede and Collier, 1986). 

Responses of dairy cattle to bST in hot weather 

The capacity of bST (bovine somatotropin) to increase milk yield in 

lactating dairy cows has been demonstrated (Bauman et al., 1985; Burton et 

al., 1990). Although bST does not change the partial efficiency for milk yield 

(Kirchgessner et al., 1991), increased metabolic activity is associated with 

greater milk yield. Given that pituitary derived somatotropin increased 
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metabolic heat production of lactating cows, the use of bST during hot weather 

could increase stress if the cow is unable to dissipate the additional body heat 

(Tyrrel et al., 1988). Administration of bST during heat stress increased milk 

yield (4%), heat production (10%) and plasma somatotropin, although energy 

intake declined further than with heat alone (Mohammed and Johnson, 1985). 

Rectal temperatures, already elevated in the hot environment, did not change 

with bST treatment, indicating that cows dissipated the additional heat 

produced (Mohamed and Johnson, 1985). Cows receiving bST in a hot 

environment increased energy intake (17%), heat production (25%), heat loss 

(24%), and milk energy (49%) over controls. The researchers concluded the 

greater heat production was offset by a similar increase in heat loss, primarily 

through skin and respiratory vaporization; and that the large increase in energy 

intake may have occurred because of the greater heat loss by cows receiving 

bST. They concluded that the increased heat production during bST treatment 

was within a range that could be dissipated by the cow's heat loss mechanisms 

because the differences were still in the range of daily variation found in animal 

experimentation. Cows receiving bST drank more water (+15.7 kg/d), 

increasing cooling by conductive heat loss as the water cooler passed through 

the body and was eliminated as urine or sweat (Manalu et al., 1991). 

Despite the improved milk yield that occurs in response to bST in hot 

environments, a potential exists for greater heat stress (West, 1994). The 

greater heat stress would be a result of higher metabolic heat production 
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associated with higher milk yield without the associated heat loss. Use of bST 

improved milk yield in spite of elevated body temperatures, probably through 

mobilized tissue stores, evidenced by loss of body condition (West et al., 

1990). Research conducted in Florida showed that for each degree Celsius 

increase in maximum ambient temperature in the range of 30.9 to 35.8°C, milk 

yield was reduced by .67, .86, .72, and 1.05 Kg/d for cows administered 0, 

5.15, 10.3, and 20.5 mg/d of bST, respectively (Elvinger et al., 1988). Similarly, 

another study in Georgia demonstrated that for each degree increase in 

maximum ambient temperature in the range of 25.6 to 36.7°C, milk yield 

declined by .74, 1.35, 1.17,1.25, and 1.30 Kg/d for cows administered 0, 5, 10, 

15, and 20 mg/d of bST, respectively (West, 1994). On the other hand, other 

studies reported that cows receiving bST in warm environments respond 

similarly to those cows in a thermo-neutral environment (Hartnell, 1993). 

Under environmental chamber conditions bST increased milk yield 32% 

and 35% in thermo-neutral and heat stress conditions, respectively (Johnson et 

al., 1991). Another study conducted by Mohammed and Johnson (1985) under 

climatic laboratory conditions, reported that heat stress alone (28.9°C and 55% 

RH) and heat stress plus bST decreased milk production In 13 and 10% 

compared to a thermo-neutral period (18.3 °C and 75% RH). Milk yield 

increased from 10 to 20% with bST injections, although it varied in the different 

studies (West, 1994). In one study where mean daily milk yield was not 

improved by bST Mollet et al. 1986 suggested that an extended period of high 
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ambient temperatures and relative humidity might have reduced response to 

bST. Differences in responses to bST may be related to relative humidity and 

the effect of cooling at night. Constant heat stress (24 h/d) as experienced in 

climatic chambers may diminish response of milk yield to bST compared to 

normal variations in temperature during the day (West, 1994). 

Strategies to reduce heat stress in dairy cattle 

Three basic management strategies have been suggested to alleviate 

effects of heat stress in dairy cattle: 1) genetic development of heat-tolerant 

breeds, 2) improved nutritional management, and 3) environmental 

modifications (Beede and Collier, 1986). 

Genetic Development. 

Genetic gain for milk production in the dairy industry has been 

substantial. The trend in breeding value from 1980 through 1988 was 135, 52, 

80, 88, 86, and 70 kg/year for Holstein, Ayrshire, Brown Swiss, Guernsey, 

Jersey and Milking Shorthorn, respectively (Norman and Powell, 1992). 

However, certain health problems are expected to increase as production 

increases (Freeman and Lindberg, 1993). These same studies state that new 

technologies such as 1) improved modeling, selection, and evaluation methods; 

2) use of new and improved reproductive technologies; 3) new developments in 

molecular genetics; and 4) new developments in immunogenetics, will impact 

future genetic gain. However, heat stress, because of its negative impact on 
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estrus, as well as embryo and neonatal survival, will influence management 

decisions or any option chosen for genetic improvement (Fuquay, 1995). 

A breeding program may include indigenous breeds that are adapted to 

hot environments. However, a long term study that compared Red Sindhis or 

Brahmans crossed with Holsteins or Jerseys was abandoned because dairy 

breeders would profit more from selection within the European breeds than 

from introducing Zebu genes for improved adaptation to heat (Branton et al., 

1966). The superior genetic ability of European dairy breeds, and particularly 

the Holstein for milk yield makes crossbreed or synthetic breeds 

noncompetitive in intensive dairy farms (Hansen and Arechiga, 1994). For 

genetic improvement in hot environments, Jersey cows have been 

recommended as maternal breed (Fuquay, 1995). 

Animal productivity is directly associated with metabolic heat production, 

which aggravates the problem of maintaining homeothermy under conditions of 

high temperature. Genetic approaches to enhance heat tolerance of animals 

generally are not compatible with improving animal productivity (Thatcher, 

1995). For example, selection for low rectal temperature in dairy cows, a trait 

which is moderately to highly heritable (.24-. 65), is theoretically possible to 

increase resistance to heat stress; but the ability to maintain body temperature 

is associated with decreased heat production, which may result in lower 

potential for milk production (Finch, 1986). 
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Becerril et al. (1992) indicated that coat color may influence heat 

tolerance and may be easily incorporated into a selection program because of 

its high heritability (.94). One study under heat stress conditions showed an 

increase of .36 kg of milk per day in white cows compared to black cows 

(Hansen and Lander, 1988), while another study reported an increase of 275 

kg per lactation in white Holstein heifers versus black heifers (Becerril et al., 

1992). Results reported by Hansen (1990) indicated that white Holstein cows 

under shade had a higher milk yield in comparison to black cows (25.2 vs. 23.1 

Kg/d), while the difference was even greater with no shade (23.7 kg/d 

compared to 19.8 kg/d). Research conducted in Arizona in which effects of 

heat stress were reduced by provision of evaporative cooling reported coat 

color did not affect milk production, but predominately white cows had reduced 

seasonal variation in days open and services per conception (King et al., 1988). 

Nutritional Management. 

Reduction in feed intake is one of the most negative effects of heat 

stress on dairy cows. Nutritional recommendations have been provided for 

forage-concentrate ratios, dietary fat, level and type of protein, water, minerals 

and vitamins (Beede and Collier, 1986). 

Foraae-Concentrate Ratio. Body heat production and rectal temperatures are 

higher on high forage compared to high concentrate diets. Greater heat 

increment has been associated with higher acetate in the rumen of cows eating 

high forage diets (Tyrrel et al., 1979). Selecting forages lower in acid detergent 
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fiber (ADF) and neutral detergent fiber (NDF) can lower basal heat production 

(Hutjens, 1995). Studies by Cumnnins (1992) showed that dry matter intake 

depression with increasing environmental temperatures was less when 

lactation diets contained 14 or 17% ADF compared with 20%. Increasing 

concentrates to greater than 55 to 60% of the ration is not recommended, since 

the reduced amount of fiber in the diet can result in depressed milk fat content, 

acidosis, laminitis and reduced efficiency of nutrient use. To maintain normal 

rumen function ADF should not be less than 18% and NDF less than 28-30% of 

ration dry matter (West, 1995). 

Dietary Fat. Feeding supplemental fat will increase energy density of the diet 

and lower total heat increment, reducing body heat load (Beede and Shearer, 

1991). Only 3-5% added dietary fat is tolerated by rumen microorganisms 

(Palmquist and Jenkins, 1980). However, others have suggested levels of 7-8% 

of the diet dry matter using rumen inert fat (Hutjens, 1995). Rumen inert fat 

such as calcium soaps, prilled fatty acids and tallow, which minimize fatty acid 

inhibition by rumen microorganisms, have increased milk yield about 2 kg/d in 

dairy cows under heat stress (Huber et al., 1993a). High producing cows 

receiving rumlnally inert fat (5 % prilled long chain fatty acids) during hot 

weather produced 9 kg/d more milk versus control cows (Skaar et al., 1989). 

On the other hand, a similar response of lactating dairy cows to fat 

supplementation (5 % of diet dry matter) was reported by Knapp and Grummer 

(1991) under thermoneutral and heat stress conditions. 
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Level and Type of Protein. Dairy cattle under heat stress are normally in 

negative nitrogen balance because of reduced feed intake; hence less protein 

is available for productive functions ( Hassan and Roussel, 1975). These same 

authors evaluated two different levels of protein (14.3 and 20.8%) in dairy cows 

under thermal stress and found that dry matter intake and milk yield were 11% 

and 6.5% greater, respectively, when fed the higher crude protein diet. 

Respiration rates and rectal temperatures were higher for cows on the low 

protein diets. However, one disadvantage of increasing the level of protein in 

the diet may be reduced energy consumption and increased energy 

maintenance requirement during heat stress. Supplemental natural protein 

may be metabolized to meet energy requirements of the animal (Beede and 

Collier, 1986). When an excess of amino acids are provided, they are 

deaminated at an energy cost for synthesizing and excreting the amino group 

as urea ( Oldham, 1984), thus producing an excess of metabolic heat (West, 

1995). 

A method to reduce the negative effect of excess protein is the use of 

rumen escape or "bypass" protein which is usually beneficial for high producing 

cows. A level of 36 to 40% of total dietary protein in the form of bypass protein 

has been recommended (West, 1995). Under heat stress conditions crude 

protein in the ration should not exceed 17% with no more than 62% in the form 

of rumen degradable protein. Heat-stressed cows benefit from bypass protein 
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under shades, but the benefit may be greater for cooled cows (Huber et al., 

1994). 

Water. The most important nutrient is water. Lactating dairy cows need larger 

proportions of water relative to body weight than most livestock species 

because water comprises 87% of milk (Beede, 1993). Water requirements of 

dairy cattle are met from three main sources; (1) ingested as drinking water, 

(2) contained in feed consumed, and (3) resulting from metabolic oxidation of 

body tissues (Beede, 1993). Many environmental factors have been examined 

as modulators of water intake. Among those considered most important are dry 

matter intake, nature of the diet, milk production, temperature, and humidity 

(Little and Shaw, 1978). 

During the summer water is the primary medium for dissipation of heat 

through evaporation. Water needs under heat stress are 1.2 to 2 fold higher 

than required of cows in the thermal comfort zone (Beede, 1993). Marked 

increases in water intake were observed starting at 27 to 30°C in lactating cows 

(NRC, 1981). A general increase in water is expected up to about 35°C, but 

further increases in ambient temperatures decrease water intake due to 

inactivity and lowered feed intake (Huber et al., 1993b). Using a prediction 

equation. Murphy et al. (1983) reported that .9 kg of water was consumed for 

each kg of milk produced from February to July. 

Water quality also is an important factor that affects water consumption 

and five criteria are considered when evaluating drinking water: organoleptic, 
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physio-chemical, substances present in excess, toxic compounds, and 

microorganisms (Beede, 1993). Due to their ubiquitous occurrence and 

solubility characteristics, the mineral salts of sodium, potassium, magnesium, 

and calcium are a major factor contributing to reduced water quality (Dutt and 

McCreary, 1970). Water containing up to 5000 ppm dissolved salts has been 

classified as satisfactory for lactating cows, while concentrations approaching 

7000 ppm generally are not recommended (NRC, 1974). Production and 

physiological effects of saline in drinking water were studied by Jaster et al. 

(1978) using Holstein cows in which either tap water (196 ppm) or saline water 

(2500 ppm) was offered. The tap water group had a milk yield of 1.9 kg/day 

higher than the saline group, but no differences were found for rectal 

temperature, respiration rate or feed intake between treatments. Challis et al. 

(1987) conducted a study to evaluate the effect of drinking water temperature 

and quality on milk production. Raw water (4387 ppm total dissolved solids) 

and desalinated water (434 ppm total dissolved solids) either warm (24-28°C) 

or cooled (6-13°C cooler than warm water) were supplied to Holstein cows. The 

cows receiving desalinated water produced nearly 7 kg more milk per cow per 

day than cows on raw water and there was a smaller positive effect of cooling 

(26.1, 28.6, 34.1 and 35.3 kg/d for raw warm water, raw cooled water, treated 

warm water and treated cooled water, respectively). 

Minerals and Vitamins. Many negative effects of heat stress upon performance 

are associated with changes in mineral metabolism (Schneider, 1984). 



47 

Potassium (K) and sodium (Na) are important under heat stress because they 

are major regulators of body water balance (Vander, 1980). Heat-stressed dairy 

cows increase their potassium requirement, as sweat has a larger content of K 

than other ions, and K losses from skin are related positively to ambient 

temperatures (Singh and Newton, 1978). Na requirements also are affected by 

temperature, humidity and sweating rate ( Cunha, 1983). Ruminants produce 

sweat that is high in K and lower in Na concentrations than nonruminants 

(Beede and Collier, 1986). Lactating cows supplemented with K and Na during 

heat stress above their nomnal requirements had an 11 % increase in milk yield 

(Schneider et al., 1984). During the summer in Florida, milk yield increased 

5.5% when Na was increased from .18 to .55%, with a 4% increase in yield 

when level of K was increased from 1.3 to 1.8% (Schneider et al., 1986). High 

levels of K may interfere with the absorption and utilization of Mg. (Hutjens, 

1995). During hot weather Beede and Shearer (1991) recommended diets 

containing (DM basis) 1.5 to 1.6% K, .45 to .60% Na, and .35 to .40% Mg. 

Short-term thermal stress caused a 30% reduction in hepatic vitamin A 

stores of steers (Page et al., 1959). Detrimental effects of heat shock are 

probably related to an increased generation of free radicals and peroxides in 

response to elevated temperatures (Loven, 1988). Inhibition of synthesis of one 

antioxidant, glutathione, makes preimplantation-stage embryos unable to 

undergo induced thermotoierance (Arechiga et al., 1992). Addition of 

antioxidants such as glutathione or vitamin E to culture medium improved 
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survival of heat shocked preimpiantation bovine embryos ( Arechiga et al., 

1994). 

Environmental Modifications. 

The goal of environmental modifications is to reduce environmental 

stress to allow animals to reach their genetic potential. Environmental 

modifications that have been suggested to reduce heat stress are shade 

structures, cooling systems and drinking water management (Buffington et al., 

1983). 

Shades. Solar radiation combined with high temperatures has a detrimental 

effect on milk yield (Guthrie et al., 1967). Reduction of exposure to solar 

radiation by a shade management system in a hot environment has increased 

lactational performance and milk composition (Roman-Ponce et al., 1977). 

Shade protects the animal from intensive direct solar radiation. Shades can 

reduce the radiant heat load on a cow by 30% or more by intercepting the 

direct solar radiation (Bond et al., 1967). A shade structure reduced heat stress 

in a subtropical environment; shaded cows had lower respiration rates/min. (54 

vs 82) and rectal temperatures, 38.9 vs 39.4°C than cows with no shade. Milk 

production was 10.7% higher in shaded than non-shaded cows (Roman-Ponce 

et al., 1977). Shades overfeed mangers also have improved milk production in 

hot, arid climates. Armstrong and Wiersma (1986) reported a milk yield of 31.0 

kg/d and 21.9 kg/d DM intake in a shaded manger group, while a non-shaded 

manger group had a milk yield of 28.8 kg/d and 20.5 kg/d DM intake. Benefits 
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of providing shade for cows in the last trimester of pregnancy also have been 

observed. Calf birth weights were 3 kg lower and milk yield 810 kg lower (305-

day adjusted) for cows without shade compared to shaded group (Collier et al., 

1982b). 

Cooling Systems. Benefits of providing shade have been established; 

however, under summer conditions, shaded cows are still exposed to hot air 

temperatures (Strickland et al., 1989). Shades change the radiation balance of 

an animal, but do not affect air temperature and humidity (Buffington et al., 

1983). Artificial cooling techniques were recommended by Hahn and Osburn 

(1970) to provide temperatures below ambient and improve the comfort of cows 

in hot climates. Air conditioning can increase milk production and fertility, but is 

too expensive to use in dairy farms (Thatcher et al., 1974). Evaporative cooling 

is an economical method to cool cows, being most effective in areas of low 

humidity (Bucklin et al., 1991). This technology also increases convective heat 

losses by reducing ambient temperatures (Flamenbaum et al., 1986). 

Fans with a low pressure water mist injected into the air stream 

suspended below the shade roof have been used successfully in arid climates 

(Armstrong, 1994). This system increased milk yield 2 kg/d in Missouri (Igono 

et al., 1987), 3.2 kg/d in Saudi Arabia (Armstrong et al., 1988), and 3.9 kg/d in 

Mexico (Smith et a!., 1993). Rectal temperature was .4°C lower in spray and 

fan group compared to only shade (Igono et al., 1987). 
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Evaporative cooling methods can be grouped into mist, fog, and 

sprinkling systems. Mist or fog systems spray smaller water droplets into the 

air compared to sprinkling systems (Bucklin et al., 1991). Misting systems have 

been used with good success where humidity is low (Armstrong and Wiersma, 

1986). Little success in reducing heat stress has been observed in humid 

climates using mist cooling systems (Bucklin et al., 1989). The sprinkler 

system has reduced heat stress in dairy cows in hot-humid climates. Sprinkling 

is more effective than misting systems because it produces larger water 

droplets, which penetrate the hair coat and reach the skin where heat transfer 

is most effective in cooling the animal (Strickland et al., 1989). In humid 

climates a fine mist can cause a more humid microenvironment and inhibit 

cooling from the skin surface by reducing the vapor pressure differential. 

Intermittent sprinkling is important to allow time for the moisture to evaporate, 

and forced ventilation is important to achieve effective evaporative cooling 

(Turner et al., 1992). The effects of sprinkler and fan cooling systems were 

studied by Strickland et al. (1989). Average daily milk production for cows 

cooled in a freestall barn was 20.2 kg versus 18.1 kg for uncooled cows, and 

milk protein content was increased from 3.3 to 3.5%. Use of sprinklers and 

fans installed at the feed bunk reduced rectal temperature .6°C, respiration rate 

16 breaths/min. and increased milk yield 3.6 kg/d compared to no cooling 

(Turner etal., 1992). 
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In 1981, a company in Arizona developed an evaporative cooling system 

(Korral Kool®) that injects a very fine fog into the air stream (Armstrong et al., 

1985). A study conducted by Armstrong et al. (1993) showed higher milk 

production (37.6 kg/d) in a group of cows cooled with spray and fan system 

compared to the Korral Kool system (36.2 kg/d). However, other studies in 

Saudi Arabia have reported higher milk production and improved reproductive 

performance with Korral Kool than spray and fan. In a trial conducted by Ryan 

et al. (1992) milk production for cows with Korral Kool was 27.7 l/d versus 26.8 

l/d for spray and fan. Pregnancy rate was 84% for Korral Kool and 60% for 

spray and fan. An Arizona trial conducted by Armstrong et al. (1986) compared 

Korral Kool system to a refrigerated air-conditioned system. Milk production 

was 28.1 l/d for Korral Kool and was significantly greater than for cows with 

refrigerated air-conditioning or the control group (shade only), which had similar 

milk production (27.3 l/d). One study in Arizona during the hot summer period 

reported only small increases in milk yields in cooled or uncooled cows fed 

2.5% prilled fatty acids versus no added fat; but when compared with control 

group, cooled cows had improved yield (1.6 kg/d), regardless of fat 

supplementation (Chanetal., 1993). 

Drinking Water. Chilled drinking water has been shown to partially alleviate 

heat stress in dairy cattle. Milam et al. (1986) observed that chilled drinking 

water (10°C) resulted in greater cooling effect and increased dry matter intake 

and milk yield when compared to cows offered warm water (28°C). Lactating 
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Holstein cows were offered drinking water ad libitum at a temperature of 10°C 

from 12:35 p.m. to 8:00 p.m. and 30°C water for the remaining 16.5 h/d (Baker 

et al., 1988). The control group received 30°C water 24 h/d. No differences 

were found in respiratory rate, rectal temperature, rumen motility or milk yield 

between treatments. However, the 10°C water absorbed 65.6 kcal/h more heat 

than the 30°C water. In another study conducted by Wilks et al. (1990) Holstein 

cows were provided drinking water at either 10.6°C (chilled) or 27°C (control) 

during 24 h/d. Respiration rate was 70.5 breaths per minute for the group 

receiving chilled drinking water compared with 81 for control cows. Rectal 

temperature for the treatment cows was 39.7°C: whereas, control cows 

averaged 39.9°C. Cows given chilled water had higher plasma T3 

concentrations (.88 ng/ml) than controls (.75 ng/ml) and milk yield (3.5% FCM) 

was 25.6 kg/d for chilled water group and 23.6 kg/d for control group. 
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MATERIALS AND METHODS 

Experimental Procedure. 

This study was conducted in the Dairy Research Center at The 

University of Arizona in Tucson, Arizona for 132 d from May 10 to September 

19,1996. Sixty-three cows (37 Holstein and 26 Brown Swiss) were assigned 

to three treatments stratified by days in milk, lactation number, and genetic 

index merit. Treatments were: 1) shade only or control group (C), 2) spray and 

fan (S/F), and 3) Korral Kool® (KK) cooling system. During the trial one Holstein 

cow (mastitis problems) and one Brown Swiss cow (low production) were 

removed from the experiment in the shade only group. In the S/F group two 

Holsteins cows were excluded from the trial, one from laminitis problems and 

the other for low production. One Holstein cow died in the KK group from 

hardware disease. 

Housing and Cooling Systems. 

Cows were housed in open drylot corrals (50 m^/cow) equipped with 

shades (4.3 m^/cow) in the center of each pen. Height of the shade was 3.9 m 

above the ground and the roof was made of corrugated steel. Cows had free 

access to drinking water in the corral as well as in the holding pen. Cows in all 

three treatments were cooled before milking in the holding pen twice daily. The 
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cooling system in the holding pen consisted of 2 fans (.9 m diameter with a 

motor of 1 hp) mounted overhead, which blew air downward at an angle of 30°. 

Six nozzles in front of each fan sprayed water continuously. 

The control group had access to only shade. In the spray and fans 

treatment, six .9 m diameter fans (6 cows/fan) were installed on the west side 

of each pen under the shade at a distance of 3.2 m apart and were tilted 30° 

downward. Eight plastic spray nozzles per fan were placed .3 m apart on a 

PVC tube water line. A short curtain (.9 m length) was installed behind the fans 

to reduce the impact of external air currents on the efficiency of the cooling 

system. 

In the Korral Kool treatment, three units (13 cows/unit) were spaced at 

6m intervals in openings made in the roof of the shade. Korral Kool features 

one large fan which drives dry air down through the cooling unit. Vanes create 

a cyclonic motion in the descending air stream while nozzles spray atomized 

water (55 micron diameter) under high pressure. The mist evaporates as it 

descends toward the ground, thus cooling the surrounding air. The operational 

stages of the units are automatically controlled by changes in temperature, and 

as the ambient temperatures increase, the quantity of water atomized 

increases (Ryan et al., 1992). The Korral Kool system creates an evaporative 

wind chill zone on and around the cows by controlling air velocity, droplet size 

and volume of the water injected. Twelve stages of water injection are 

constantly monitored by a computer system and controlled according to 
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temperature and humidity to maximize cooling the body surface of the cow as 

well as the air. A curtain 2.5 m in length which automatically rolls down when 

fans are engaged was installed on the west side of shade and functions to 

provide additional afternoon shade and to prevent prevailing winds from 

blowing the cooled air from under the shade, thus increasing the effectiveness 

of this system. Both cooling systems were activated when ambient 

temperatures reached 27°C and operated an average of 11h/d (from 9:00 a.m. 

to 4:00 p.m. and from 5:30 p.m. to 9:30 p.m.). The cooling systems were turn 

off from 4:00 to 5:30 p.m. because normally all the cows were eating in that 

period of time. Specifications for both cooling systems are presented in table 1. 

Feeding. 

Cows were fed a total mixed ration (TMR) twice daily (5:00 a.m. and 

4:00 p.m.) formulated for high producing cows. The ration was mixed daily and 

modified three times during the trial according to milk production and body 

condition scores of the cows. Ingredients and nutrient composition of the 

rations are in tables 2 and 3, respectively. 

bST Administration. 

One group of cows in each cooling treatment was injected biweekly with 

500 mg of bST(Posilac®: Monsanto, St. Louis, MO) starting 60 d postpartum 

and continuing through the remainder of the experimental period. Number of 

cows injected by group was; control, 7 Holstein and 5 Brown Swiss; spray and 
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fan 8 Holstein and 6 Brown Swiss; and Korral Kool, 7 Holstein and 6 Brown 

Swiss. 

Climatoloqical Data. 

Ambient temperature and humidity were recorded liourly during the 

entire experiment at the Arizona Meteorological Network (AZMET) weather 

station located 1.5 km from the experimental site. Temperature-humidity index 

(THI) was calculated by the equation THI = Td - (0.55 - 0.55 X RH) (td - 58), 

where td = dry bulb temperature (°F) and RH = relative humidity percentage in 

decimals (West, 1995). Because normally the maximum temperature is 

associated with the minimum humidity in the ambient, the maximum THI was 

estimated with the maximum ambient temperature and the minimum relative 

humidity daily, and the minimum THI was calculated using the minimum 

ambient temperature and the maximum relative humidity. 

Performance Measurements. 

Cows were milked twice daily (5:30 a.m. and 5:30 p.m.) and milk 

production was recorded for each cow by a computerized system. Milk 

composition was analyzed every two weeks for protein, fat, and somatic cell 

count in the Dairy Herd Improvement Association laboratory in Phoenix, 

Arizona. Respiration rates (RR) under shade, on the same 10 cows for each 

treatment 

(6 Holstein and 4 Brown Swiss), and rectal temperatures (RT) on all cows, 

were taken three times per week (Monday, Wednesday, and Friday) between 
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3:00 to 4:00 p.m. for respiration rates (under shade) and between 4:00 to 5:00 

p.m. for rectal temperatures when the cows were locked up in the feedbunk. 

Body weight (BW), and body condition score (BCS) were obtained once 

a month for each cow. BCS was from 1 (very thin) to 5 (very fat). Animal 

behavior was observed hourly once a week for a period of 24 h. Information 

about behavior included: number of animals under shade or outside of shade, 

those drinking water, those eating and those standing in the feed line but not 

eating. 

Milk samples for analysis of triiodothyronine (T3) and Cortisol were taken 

once weekly at the p.m. milking. After collection, milk samples were frozen at 

0°C until analyzed. 

Hormone Analysis. 

The Coat-A-Count radioimmunoassay for Cortisol and T3 was performed 

with a kit from DPC (Diagnostic Products Corporation) Los Angeles, California. 

Milk samples were diluted 1:1 with PBS (saline solution) and twenty-five 

microliters of milk and 1.0 ml of I- labeled Cortisol (Cortisol analysis) and 100 

microliters of milk and 1.0 ml of I- labeled T3 (T3 analysis) were added in 

polypropylene tubes coated with antibody against Cortisol or T3, Tubes were 

incubated overnight at 4 °C. The reaction mixture was then decanted, and 

radioactivity was measured in a gamma counter for 1 min. 
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Data Analysis. 

Milk production, 4% FCM, milk composition, rectal temperature, 

respiration rate, body weight, body condition score and hormone levels were 

adjusted by covariance for days in milk and analyzed by a mixed model with 

repeated measures, using the procedure of SAS (1989). Because the effect of 

heat stress was slight during the first weeks of the experiment, thus only weeks 

4-18 were involved in the statistical analysis, using the averages values from 

weeks 1,2, and 3 as covariate. The following statistical model was used: 

Y  ijkim ~ |J+ T j  +  B j + S k +  W| + Lm + 6l(Dijkim - D) + Si (Pijklm " P) •*" (TW)i| + (TB)jj 

+ (TS)ik + (BS)jk + (BW)j, + (SW)ki + Cow (T* L) + Eykim 

Where: p = Overall mean 

Tj = the fixed effect of the ith treatment. 

Bj = the fixed effect of the jth breed. 

Sk= the fixed effect of the kth bovine somatotropin. 

W| = the fixed effect of the Ith week. 

Lm = the fixed effect of the mth lactation. 

Bi(Dijkim - D) = the linear regression effect of days in milk. 

Si (Pijklm - P) = the linear regression effect of previous milk yield. 

(TW)ii = the interaction treatment by week. 

(TB)ij = the interaction treatment by breed. 

(TS)ik = the interaction treatment by bovine somatotropin. 



(BS)jk = the interaction breed by bovine somatotropin. 

(BW)ji = the interaction breed by week. 

(SW)ki = the interaction bovine somatotropin by week. 

Cow (T* L) = the random effect of cow by treatment by lactation. 

Eijkim = the random experimental error. 

Pregnancy rate was analyzed by chi-square and animal behavior by 

GLM procedures (SAS, 1989). Covariate effect was excluded for behavior 

because of lack of significance. Partial correlation between variables were 

calculated with the corrected sums of squares and crossproducts of the 

residuals. 



60 

Table 1. Specifications for the cooling systems used in the experiment. 

Item Spray and Fan Korral Kool 

Size of fan, m 0.91 1.2 

Motor, kw 0.375 2.25 

Air movement, m^/min. 180.0 764.0 

Water use, l/min. 0.84 

C
D

 C
O

 

Water pressure, kPa^ 700.0 2068-2413 

Cost of operation/cow/year, DLLs 35.62 58.16 

^ kPa = kilopascal; Pa = 1.45 x 10 Ib/in^. 
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Table 2. Ration ingredients^ 

Ingredients: Ration 1 Ration 2 Ration 3 

% of dry matter 

Alfalfa hay 47.0 44.5 45.4 

Beet pulp — 5.4 5.4 

Wheat bran 6.7 6.8 6.8 

Magnapac^ 0.9 0.9 0.9 

Grain mix - may^ 32.7 31.4 30.6 

Whole cottonseed 9.7 8.0 8.0 

Vitamin and mineral supplement'* 3.0 3.0 2.9 

Roughage:concentrate 47:53 44.5:55.5 45.4:54.6 

^Ration 1 = Offered from May 30 to July 12; Ration 2 = Offered from July 13 to August 19; 
Ration 3 = Offered from August 20 to the end of the experiment. 

^Fat = 85%; calcium = 8-9.5%; unsaponifiable matter = 4%; moisture = 5% 
^Molasses = 11.5%; steamflaked corn = 85.5% 
""Molasses, 0.29; NaHCOa, 0.25; Dicalcium phosphate, 0.22; MgO, 0.13; NaCI, 0.07; S, 0.02; 

Niacin, 0.01; Zinpro, 0.005; Zn, 2000 mg/kg; Mn, 1300 mg/kg; Cu, 333 mg/kg; I, 20 mg/kg; 
Se, 10 mg/kg; 3.3 mg/kg; Vit. A, 6700 lU/kg; Vit. D, 6700 lU/kg; and Vit. E, 700 lU/kg. 
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Item^ Ration 1 Ration 2 Ration 3 

Mcal/kg DM 1.7 1.7 1.7 

Fat, % 4.12 3.7 3.8 

Crude protein, % 18.9 17.6 17.8 

UiP^, % of crude protein 29.9 30.6 29.4 

NDF\ % 29.1 30.3 29.5 

ADF®, % 20.2 20.2 20.3 

Ca, % 1.0 1.0 1.0 

P, % 0.5 0.5 0.5 

Mg, % 0.3 0.3 0.3 

K, % 1.7 1.7 1.7 

Na, % 0.5 0.5 0.5 

CI, % 1.0 1.0 1.0 

^Ration 1 = Offered from May 30 to July 12; Ration 2 = Offered from July 13 to August 19; 
Ration 3 = Offered from August 20 to the end of the experiment. 

^All items except Meal and UIP are given as percent of DM in the total diet. 
^Undegradable intake protein. 

^Neutral detergent fiber. 
®Acid detergent fiber. 



CHAPTER 4 

63 

RESULTS AND DISCUSSION 

Average maximum and minimum THI recorded during the eighteen 

weel<s of the experiment are in Table 4. According to a characterization of 

environmental temperatures of central Arizona reported by Igono et al. 

(1992), the range of ambient temperature during this trial might be 

considered warm to hot, with the hottest months being July, August and 

September. The maximum daily THI during the trial which exceeded 72 

was considered a critical value at which heat stress affected milk production 

(Johnson, 1980). However, differences among treatments in milk production 

were not observed until week 7 only for the Holstein cows. From week 4 to 

week 6 the minimum night time THI averaged 63, indicating cool nights. This 

suggests that during the night hours, cows may have effectively dissipated heat 

gained during the day. 

During stressful periods, the cool hours with minimum THI of less than 64 

reduces the effects of heat stress on milk production. On the other hand, a 

marked decline of milk production occurs when the minimum THI is greater than 

64 (igono et al., 1992). 
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Milk Production. 

The general statistical analysis (including Holstein and Brown Swiss 

cows) showed a treatment effect (P<.05) on milk production with averages of 

30.9, 35.7 and 35.7 kg/d for control, spray and fans and Korral Kool groups 

respectively. Because breed effect was significant (P<.10) statistical analyses 

were conducted for each breed. 

Mean weekly milk production by treatment for the entire trial in Holstein 

cows (Table 5) was; C (31.0 kg/d), S/F (39.1 kg/d) and KK (37.9 kg/d). 

Production was 6.9 kg/d greater (P<.05) for KK compared to C cows and 8.1 

kg/d higher (P<.05) for S/F than C group. No difference was noted between S/F 

and KK cows (P>.05). An interaction was detected for treatment by week 

(P<.01), which reflected higher milk production for the cooled groups during the 

hottest weeks (Figure 1). Differences between treatments were greatest from 

weeks 7 to 18 (P<.05), when the average maximum THI was 82. 

These data agree with several experiments that reported higher milk 

production in Holstein cows under spray and fans compared to shade only 

(Igono at al.,1985; igono et al., 1987; Armstrong et al., 1988; Smith et al.,1993; 

Goodwin et al.,1997). 

The increased milk production of cows in cooling systems over those 

with shade only may be attributed to a reduction in the thermal load during the 

hottest time of the day. During the last 7 weeks of the trial milk production in KK 

group tended to decrease compared to S/F, which was opposite to effects 
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observed during the first \Neeks of the trial (interaction treatment by week). An 

explanation of this observation is that highest maximum relative humidities were 

recorded during last seven weeks (84% average). The fine mist produced by 

KK, combined with high relative ambient humidities increased overall humidity 

of the surrounding air and reduced the animal's capacity to dissipate heat by 

evaporation. This was confirmed by the higher rectal temperatures observed for 

KK cows compared to S/F cows during the last weeks of the trial. Strickland et 

al. (1989) suggested that a fine mist might increase the insulating characteristic 

of the hair coat causing body temperatures to rise. Because amount of water 

sprayed by S/F was less than KK. the negative effect of high humidity was not 

as apparent with the S/F system. 

Overall, Brown Swiss cows did not show any response on milk 

production (P>.05) to cooling systems, with average yields of 29.8, 31.3 and 

31.4 kg/d for C, S/F and KK treatments, respectively (Table 6). However, there 

was a treatment by week interaction (Figure 2; P<.05), probably due a reduction 

in milk production in the Korral Kool group during the weeks 15,16,17 and 18, 

which recorded high averages of ambient humidity. Milk production of heat-

stressed Brown Swiss cows under various cooling systems has not been 

reported previously. 

Holstein cows injected with bST had milk yields similar (P>.05) to cows 

without bST (36.5 vs 35.5 kg/d, respectively). However, a significant response 

(P<.05) was observed in Brown Swiss cows receiving bST (32.7 kg/d) 
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compared to cows with no bST (29.0 kg/d). The small number of cows receiving 

bST may explain the lack of significant differences for Holstein cows. 

Milk production adjusted to 4% fat (FCM) was affected by cooling 

treatment (P<.05), in Holstein cows (Table 7), but not in Brown Swiss cows 

(P>.05;Table 8). Holstein cows averaged 32.5 kg/d (S/F) and 32.9 kg/d (KK), 

while C had 28.5 kg/d. The interaction of treatment by week also was 

significant (P<.05) for Holstein cows (Figure 3). A higher FCM was observed 

for C group compared to cooled groups during week 7; and S/F showed a 

superior FCM compared to KK in the weeks 17 and 18, which was opposite to 

effects observed during the other weeks. Flamenbaum et al. (1995), also 

observed an increased milk yield (4% FCM) in Holstein cows under cooling 

systems compared with shade only. 

Holstein cows that were administered bST did not show a significant 

increase (P>.05) in FCM compared with cows without bST (32.0 vs 30.6 kg/d 

respectively), while Brown Swiss cows injected with bST had higher FCM 

(P<.05) compared to cows with no bST (30.5 vs 26.4 kg/d, respectively). 

West et al. (1990) reported a lower response to bST of cows with higher 

pretreatment milk yield (32.9 kg/d) compared to cows with lower pretreatment 

production (22.2 kg/d), which agreed with the reported by Leitch et al. (1987). 

The reduced response of Holstein cows to bST in this study could be due a 

higher milk production of Holstein cows compared to Brown Swiss. Mollet et al. 

(1986) observed a low milk production response (2%) in Holstein heat-stressed 
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COWS to bST over 27 weeks. These authors suggested that an extended period 

of high ambient temperatures and RH may reduce the response to bST. 

Difference in responses may be related to RH and the effect of cooling at night 

(West, 1994). During the present study from week 5 to 18, THI minimum was 

greater than 64, which could reduce dissipation of heat gained during day time 

(Igono et al., 1992) and might have reduced the response to bST. The 

concurrent reduction in feed intake during heat stress periods also may have 

affected the magnitude of response to bST in Holstein cows. However, data to 

support this hypothesis were not available in the present study. Other studies 

have reported that milk yield was improved when bST was used during hot 

weather, but the range of response was more variable than in cool weather 

(Elvingeretal., 1988; Zoa-Mboe et al., 1989; Johnson etal., 1991). 

Productivity at high ambient temperatures is greatly influenced by the 

balance between metabolic heat production and heat loss. Studies indicate that 

the primary reason for heat tolerance is lower metabolic heat production and 

milk yield (McDowell, 1972). For each .45 kg of milk produced, a 454kg cow 

produces 10 kcal of metabolic heat per hour (Brody et al., 1948). The lack of an 

effect of cooling systems on milk production of Brown Swiss cows may be due 

to their lower milk production and body weight, thus resulting in less metabolic 

heat produced and a lower level of heat stress than in Holstein cows. 

Resistance of the animal coat to environmental heat-flow is of great 

importance in tolerance to heat stress. Coat color also affects heat exchange. 
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Compared to black color, brown color reduces the inward flow of heat 16% 

while white color reduces it 58% (Finch, 1986). Brown Swiss cows might have 

benefited from their lighter color as compared to most of the Holstein cows. 

Johnson and Vanjonack (1976) reported that Holstein cows showed a 

greater sensitivity to heat stress than Brown Swiss. A recent study conducted at 

the University of Arizona showed that Holstein cows absorb about 89% of direct 

solar heat while Brown Swiss absorb about 81%. Also, Brown Swiss had higher 

rates of cutaneous evaporation than Hoisteins, resulting in a lower skin 

temperature (Armstrong and Hillman, 1998). These differences may explain the 

greater heat tolerance of Brown Swiss than Hoisteins since evaporative cooling 

is the major avenue of heat loss in cattle under hot, arid conditions. 

Milk Composition. 

The general statistical analysis indicated that treatment did not affect 

(P>.05) milk protein percentages, being 3.1% (C), 3.0% (S/F) and 3.0% (KK). 

Bovine ST did not influence (P>.05) milk protein percentages. 

Milk protein percentages in Holstein cows averaged 3.0, 2.8 and 2.9% 

(P>.05), while those of Brown Swiss cows were 3.3, 3.3 and 3.1% for the C, 

S/F and KK treatments, respectively (Tables 9 and 10). Milk protein percentage 

in Brown Swiss was different (P<.05) among C and KK groups, and similar 

between S/F vs C while S/F vs KK were different (P<.05). An interaction (P<.01) 

of treatment by week was found in Holstein cows (Figure 4). Protein 
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percentages increased more for cows in shade only after week 12. No 

interaction (P>.05) between treatment and week was observed for Brown 

Swiss cows. 

These findings are in agreement with Smith et al. (1993) who did not find 

differences for protein percentages in milk of Holstein cows under a spray and 

fan system compared to only shade; but they differ with Strickland et al. (1989) 

who found higher protein percentages in milk of Holstein cows in a hot-humid 

climate cooled with a sprinkler and fan system compared to shade only. 

Flamenbaum et al. (1995) reported a .06% higher protein percentage in 

Holstein cows cooled with the Korral Kool system compared to shade only. In 

the current study protein percentages increased during week eighteen when the 

averages of maximum and minimum THI were lower than previous weeks but 

there was also a decreasing trend in milk yield as the study progressed. 

The administration of bST did not affect (P>.05) protein percentages of 

either breed. The protein percentage was 2.9% in both bST and no bST groups 

in Holstein cows and 3.3 and 3.2% in Brown Swiss cows for bST and no bST 

respectively. Johnson et al. (1991) also reported no effect of bST on protein 

percentages of Holstein cows compared to a control group. 

Protein production was the same (P>.05) for C (1.0 kg/d), KK (1.0 kg/d) 

and S/F (1.0 kg/d). Similar results were reported by Flamenbaum et al. (1995) 

who found that Holstein cows under a cooling system produced 1.0 kg/d of milk 

protein versus .98 kg/d for uncooled cows. Breed did not affect milk protein 
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production (P>.05). Both cows injected with bST and no bST produced 1.0 kg/d 

of protein (P>.05). 

Average fat percentages were similar (P>.05) for C (3.1%), S/F (3.3%), 

and KK (3.1%) treatments, with a significant effect of breed (P<.05). No effect of 

bST was observed on fat percentages (P>.05). Tables 11 and 12 show 

percentages of fat in milk of 3.0% (C), 2.9% (S/F) and 2.9% (KK) for the 

Holstein cows (P>.05) and 3.3% (C), 3.7% (S/F) and 3.5% (KK) for the Brown 

Swiss cows (P<.05). Some authors have observed that fatty acids of a lower 

melting point (Ce - C12, oleic acid) decreased at higher ambient temperatures 

and free fatty acids (palmitic, stearic and myristic) of higher melting points 

increased (Richardson and Johnson, 1961). The lack of differences in fat 

percentages between treatments in Holstein cows agree with the results of 

other studies using sprinkler and fan (Strickland et al.,1989), spray and fan 

(Smith et al., 1993) or Korral Kool systems (Flamenbaum et al., 1995). The 

treatment by week interaction was significant (P<.01) for Holstein cows (Figure 

5). Differences between treatments in fat percentages were observed only 

during weeks 8 and 12 (P<.05). No treatment by week interaction (P>.05) was 

detected for Brown Swiss cows. Shearer and Beede (1990) suggested that heat 

stress is associated with changes in milk composition, which may be due to a 

reduction in feed intake. Because feed consumption could not be evaluated in 

the present study, this factor could not be directly related to changes in milk 

composition. 
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Treatment and breed did not significantly influence fat production 

(P>.05). The three treatments had a fat production of 1.0 kg/d. The group with 

bST produced 1.1 kg/d and no bST produced 1 kg/d of fat (P<.05). Mohammed 

and Johnson (1985) found that the administration of bST to Hoistein cows 

under heat stress increased fat yield (9.5%) over cows with no bST. 

Somatic Cell Count. 

Treatment, breed and bST did not show any effect (P>.05) on somatic 

cell count (SCO) in the general analysis. Somatic cell count in milk was similar 

for the three treatments, with means of 178,036 (C), 197,281 (S/F) and 132,626 

(KK) (Table 13). Similar results were reported by Strickland et al. (1989), who 

showed no differences in SCO among cooled or non-cooled groups. Korral 

Kool cooling system showed a tendency to reduce SCO, which agrees with the 

observations of Igono et al. (1987) and Smith et al. (1993), who found a similar 

tendency when comparing a cooling system versus control group. Reduction of 

thermal stress by air conditioning resulted in a lower incidence of clinical 

mastitis than for cows exposed to a natural hot environment (Thatcher et al., 

1974). 

Mohamed and Johnson (1985) suggested that SCO in milk increased 

under heat stress and appeared to be affected by body and environmental 

temperatures. High SCO peaked during the summer months (June to 
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November) in Arizona (Wegner et a!., 1976), and was inversely related to milk 

production (Igono et al., 1988). 

Rectal Temperature and Respiration Rate. 

The general analysis showed differences between treatments (P<.01), 

with average rectal temperatures of 39.5°C (C), 38.9°C (S/F) and 38.8°C (KK). 

Breed also affected rectal temperatures (P<.01). Brown Swiss cows had a lower 

rectal temperature in the three treatments compared to Holstein cows, which 

support the results of other researchers who found that Brown Swiss cows were 

more tolerant to heat stress than Holstein cows. Cow comfort was increased by 

the cooling systems with lower rectal temperature being observed in the cooled 

groups in both breeds (Tables 14 and 15). For Holstein cows, the C group 

exhibited an average rectal temperature of 39.7°C which was higher (P<.05) 

than S/F (39.0°C) and KK (38.8°C), while S/F tended to differ from KK (P<.05). 

In the Brown Swiss cows group C (39.2°C) was different (P<.05) from S/F 

(38.9°C) and (P<.05) from KK (38.8°C). The S/F and KK treatments were also 

different (P<.05). Treatment by week interaction was significant (P<.01) for both 

breed (Figures 6 and 7). Lower rectal temperature was maintained in KK group 

compared to S/F, except for the weeks 16,17 and 18 during which the KK group 

had a higher rectal temperature than S/F, probably due to high humidity in 

those weeks. A reduction in rectal temperatures also was reported by Igono et 

al. (1987) using a spray and fan system and by Turner et al. (1992) with 
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sprinklers and fan. The latter authors reported average rectal temperatures of 

38.8®C in a group of cooled Holsteins and 39.2°C in a shaded group. A 

reduction of .3°C in rectal temperature was reported when Holstein cows were 

sprayed with sprinklers for 5 min. and subsequently exposed to 25 min. of 

forced ventilation when compared to a shaded group (Srikandakumar et a!., 

1993). Lower rectal temperatures were reported by Flamenbaum et al. (1995) 

for a group of Holstein cows under the Korral Kool system compared to cows 

with no cooling, which agrees with the results of this trial. 

Armstrong and Hillman (1998), using a portable calorimeter, observed 

average body temperatures of 38.5°C for a KK group, and 39.0°C and 39.5°C 

for S/F and shade groups, respectively. They concluded that Korral Kool was 

the most effective system for keeping the cows cool, mainly because Korral 

Kool moves air quickly over the hair surface, and has more than 5 times greater 

air velocity than the spray and fan system. Such differences in rate of air 

movement are critical because they greatly influence the ambient humidity 

surrounding the animals and consequently the rate of water evaporation from 

the animal. 

The differences in rectal temperature between treatments occurred 

mainly in the hottest weeks. These data clearly demonstrate the benefits of 

cooling both breeds. The cooling systems proved effective in maintaining 

rectal temperatures .7 °C (S/F) or .9 ®C (KK) below the C group in Holstein 

cows and .3 °C (S/F) or .4 °C (KK) below the C group for Brown Swiss cows. 
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Johnson et al. (1962) observed a reduction in milk production of 2.7 kg/d for 

each increase of 1°C in rectal temperature of Holstein cows producing 22 kg/d 

of milk. In the present trial, average milk production was over 30 kg/d; hence, a 

greater decline in milk production might be expected. The use of cooling 

systems in cows of higher milk yield should result in greater benefits. 

A disadvantage showed for the Korral Kool system is it creates a highly 

humid environment, which might reduce the capacity of the animal to dissipate 

heat by evaporation, resulting in an increased rectal temperature, as compared 

to spray and fan system. Such an effect was observed for both breeds during 

the last weeks of our study when ambient relative humidity was greatest, and 

probably explains part of the treatment by week interaction. 

Control Brown Swiss cows averaged .5 °C lower in rectal temperatures 

compared to control Holsteins, which indicated better adaptation of the Brown 

Swiss breed to hot environments and supports greater heat tolerance of 

Brown Swiss cattle as reported by Johnson (1965). At high environmental 

temperatures, Holstein cows increase their rectal temperature more drastically 

as ambient temperatures rise above 24 °C when compared to Brown Swiss 

cows (Kibler and Brody, 1950b and Kibler, 1951). 

In this study Holstein cows with bST had rectal temperature .1°C higher 

(P>.05) than those not receiving bST, whereas no difference was noted among 

Brown Swiss (P>.05). Similar results were reported by Tyrrel et al. (1988), who 
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found .1 °C higher rectal temperature in Holstein cows injected with bST 

compared to cows that were not injected. 

Better adaptation to hot climates was observed in Brown Swiss cows as 

indicated by their lower rectal temperature (39.2 °C) in C group compared to 

Holsteins (39.7 °C). A lighter color, lower milk production, lower body weight, 

and a higher rate of cutaneous evaporation may be some factors that influence 

the better adaptation of Brown Swiss cows. 

Cooling treatments, bST and breed affected respiration rate (P<.05) in 

the general analysis. The average for respiration rate (P<.05) was; C group 

(83 breaths/min.), S/F (62 breaths/min.) and KK (51 breaths/min.). Holstein 

cows (Table 16) in the C group had an average of 87 breaths/min. which was 

higher (P<.05) than S/F (64 breaths/min.) and KK (50 breaths/min.). The two 

cooling systems also differed (P<.05). For Brown Swiss cows (Table 17), group 

C (79 breaths/min.) was higher (P<.05) than S/F (61 breaths/min.) and KK (52 

breaths/min.). Also, S/F vs KK differed (P<.05). An interaction of treatment by 

week (P<.01) was observed for Holstein cows, which showed no differences in 

week 17 because respiration rate was increased in the groups with cooling 

systems probably due to the high humidity recorded during that week (Figure 

8). These results agree with Srikandakumar et al. (1993), who found a reduction 

in respiration rate (-14 breaths/min.) in Holstein cows under heat stress 

subjected to a spray and fan cooling system compared to a shaded group. 

Strickland et al. (1989) reported that Holstein cows under hot-humid conditions 
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had a lower respiration rate (-38 breaths/min.) using a sprinl<ler and fan cooling 

system in comparison to uncooled cows. Turner et al. (1992) found 16 

breaths/min. less in a cooled group compared to an uncooled group. 

Holstein cows receiving bST increased respiration rate (P<.05) 4 

breaths/min. while Brown Swiss were not different (P>.05). Staples et al. 

(1988), Tyrrel et al. (1988) and Zoa-Mboe et al. (1989) also found higher 

respiration rates in Holstein cows receiving bST. Manalu et al. (1991) reported 

that cows receiving bST in a hot environment increased heat production (25%) 

and heat loss (24%) over controls. Greater heat production was offset by a 

similar increase in heat loss, primarily through skin and respiratory vaporization. 

Triiodothyronine and Cortisol. 

Table 18 presents the concentrations of triiodothyronine (T3) 

determined in milk for C (1.7 ng/ml), S/F (1.8 ng/ml), and KK (2.0 ng/ml). Korral 

Kool T3 was greater than C and SF (P<.05). Breed effect was not significant 

(P>.05). The interaction of treatment by week was significant (P<.01; Figure 9). 

There were no differences between treatments in weeks 6,10,12,13,16 and 18 

(P>.05), but differences were present for the other weeks of sampling. Higher 

levels of T3 were observed for the KK group compared to S/F and C except for 

weeks 13,15 and 17. As previously mentioned, higher heat stress in KK as a 

result of high ambient humidity in the last weeks of the trial may explain this 

observation. Lower concentrations of T3 in milk also were found by Magdub et 
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al. (1982) in heat-stressed Hoistein cows compared to cows at thermoneutral 

temperatures. Deresz (1987) reported that during the hot summer in Arizona, 

higher levels (+.17ng/ml) of T3 in serum were shown for Hoistein cows under 

evaporative cooling in comparison with shaded cows; however, differences 

were not significant. Cows that received bST showed lower levels (P<.05) of T3 

(1.8ng/ml) those not administered bST (1.9 ng/ml), indicating that bST caused 

additional heat stress as suggested by higher rectal temperature (.1°C) in cows 

injected with bST compared to cows which were not injected. Similar results 

were reported by Mohammed and Johnson (1985) and Johnson et al. (1991), 

who found lower concentrations of T3 in serum of heat-stressed Hoistein cows 

receiving bST in comparison with cows not receiving bST. 

Triiodothyronine is important to maintain normal lactation (Vanjonack and 

Johnson, 1975) and high milk production (Swanson and Miller, 1973). Dairy 

cows exposed to chronic high environmental temperature had depressed 

thyroid activity and milk production (Yousef and Johnson, 1966). Similar results 

were found in the present study. 

The levels of Cortisol in milk (Table 19) were lower (P<.05) for C (56.0 

ng/ml) compared to S/F (57.7 ng/ml) and KK (57.2 ng/ml). The levels of 

Cortisol in milk found in this study were higher than previous reports. Breed and 

bST did not affect Cortisol levels in milk (P>.05). A significant (P<.01) interaction 

of treatment by week was detected (Figure 10). Differences among treatments 

(P<.05) were shown in weeks 4,6,7,11, but not during other weeks of sampling. 
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These results agree with those reported by Stott and Wiersma (1973), who 

found lower plasma corticosteroid concentrations in Holsteins exposed to shade 

only compared to cooled cows during the hot months of July, August and 

September, followed by a large increase in plasma corticosteroids in both 

groups during October. These authors concluded that alleviation of heat stress 

by cooling the animals results in an increase in plasma Cortisol proportional to 

the amount of relief administered. Previously, Christison and Johnson (1972) 

had reported that after 10 weeks of chronic heat stress (35°C) plasma Cortisol 

was depressed in Jersey cows. Another study published subsequently by Abilay 

et al. (1975) also reported lower glucocorticoid levels for Holstein cows at 35°C 

vs 18°C. 

In contrast Wise et al. (1988) found higher levels of Cortisol in plasma of 

heat-stressed Holstein under shade only compared to cooled cows during a 

shorter exposure (16 d) to high temperatures. Lower concentrations of Cortisol 

in milk in the C group compared to cooled groups may be due to the stage of 

exhaustion mentioned by Selye (1976) in his "General Adaptation Syndrome". 

This theory states that during the stage of exhaustion (chronic stress) acquired 

adaptation is lost and glucocorticosteroids are depleted. High levels of Cortisol 

found in milk in this experiment compared to other reports could have been 

because milk samples were taken during the normal milking process, which 

induces an increase in serum corticoids (Smith et al., 1972). 
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Other factors that could have affected Cortisol levels in this study are 

1) time that cows were locked in the feed mangers for artificial insemination and 

monitoring of herd health, and 2) reduced space in the holding pen before 

milking. Arave et al. (1996) reported that Cortisol levels in serum increased in 

Holstein cows locked up for 4h during the summer (21.4 °C). Marked corticoid 

increases, occurred in Holstein cows following a reduction in allowed space 

from 9.3 to 2.3 m^/cow (Arave et al., 1973). 

Body Weight and Body Condition Score. 

Table 20 shows that the body weights were different (P<.05) for the three 

treatments with average final weights of 608.1 kg (C), 614.0 kg (S/F) and 631.3 

kg (KK). The bST effects were not significant (P>.05). The interaction of 

treatment by month was significant (P<.01). The average weight loss during the 

experiment was 7 kg (C), 7 kg (S/F) and KK gained 11 kg (P>.05), indicating 

that Korral Kool cooling system reduced weight loss in dairy cows exposed to 

high ambient temperatures. Flamenbaum et al. (1995) reported more loss in 

body weight (20 kg) in uncooled Holstein cows over those cooled, although 

Turner et al. (1992) observed only a 4 kg weight loss for uncooled compared 

with cooled cows. 

General body condition score (BOS) was different (P<.05) between C 

(2.7), S/F (2.8) and KK (2.8). Effect of cooling systems on BCS in Holstein and 

Brown Swiss cows are presented in tables 21 and 22. Cows receiving bST had 



80 

a similar (P>.05) BCS compared to no bST cows (2.7 vs 2.8) while breed had 

an effect on BCS (P<.05). Both breeds tended to increase BCS during the trial 

with Korral Kool system. S/F group Holstein cows had the same BCS from the 

beginning to the end of the trial while Brown Swiss cows declined in BCS (-.1 

units). Holstein cows in C group reduced their BCS by .2 units while Brown 

Swiss cows increased BCS by .2 units. The treatments affected (P<.05) BCS in 

Holstein cows, but not in Brown Swiss cows (P>.05). A significant interaction of 

treatment by month was detected for Brown Swiss (P<.05) but not in 

Holstein cows ( Figures 12 and 13). Brown Swiss cows in the control group 

tended to increase their BCS during the last month of the experiment compared 

to cooling systems. Flamenbaum et al. (1995) reported that the patterns of BCS 

change in cooled and uncooled Holstein cows were similar. No differences in 

BCS were reported between cows under a spray and fan system and only 

shade (Smith et al., 1993). In general, all the cows gained BCS during the trial 

with averages of .2, .3 and .3 units for C, S/F and KK (P>.05). 

Reproductive Performance. 

Data summarizing effects of cooling system on reproductive efficiency 

are presented in table 23. Pregnancy rate in Holstein cows was increased 

(P<.05) by cooling, and were 75% for S/F, 58.3% for KK and 0% for C. For 

control Brown Swiss cows pregnancy rate (66.6%) was higher (P<.05) than S/F 

(25%) but not different from KK (55.5%). No differences between treatments 
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were found for services per conception and days open (P>.05) possible due to 

the small number of pregnant cows in each treatment. Ryan et al. (1992) found 

that 84% of cows with Korral Kool and 60% under a spray and fan system 

became pregnant. Wolfenson et al. (1988) reported a higher pregnancy rate in 

cooled (44%) than in noncooled Holstein cows (14%) during the summer. 

Control Brown Swiss cows had a higher (P<.05) pregnancy rate than 

control Holstein cows indicating better adaptation of Brown Swiss. Holstein 

cows were higher (P<.05) in pregnancy rate than Brown Swiss cows in the 

spray and fan treatment. No differences in pregnancy between breeds were 

observed in Korral Kool groups (P>.05). No differences among treatments 

(P>.05) were detected in the number of heat periods (estrous cycles) per cow in 

each treatment with averages of 4.4 (C), 3.5 (S/F) and 3.5 (KK). 

Animal Behavior. 

Animal behavior data presented in table 24 show more (P<.05) eating 

activity for cows under cooling systems during PM ( 12:00-15:00 h) compared 

to AM (0:00-3:00 h). Verbeck (1996) also observed that Holstein cows under a 

spray and fan system had more eating activity during the day hours compared 

to those receiving only shade. Percentage of animals close to the feed line was 

similar (P>.05) between treatments for the AM and PM periods. 

A larger proportion of cows in the control group were outside shade 

during the AM (P<.05) than those under cooling systems. This was probably 
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because cows with shade only preferred to stay outside shade to radiate heat to 

the open sky. In contrast, a larger number of cows under cooling systems 

stayed outside shade during the PM. These results agree with Frazzi et al. 

(1998) who reported that Friesian cows, under a cooling system, preferred to 

stay outside the barn in the afternoon during the summer. These authors also 

indicated that the presence of cooling systems induces more activity of cows 

outside of the shade in the diurnal hours, despite the strong solar radiation. 

Staying outside the shade reduces the concentration of animals under 

the shade, resulting in an improvement in animal comfort. A higher percentage 

(P<.05) of cows in the Korral Kool system were under the shade for the AM 

period compared to S/F and shade only which confirms the greater usefulness 

of this cooling system for cows in hot-dry climates. Also, cows in KK had more 

drinking activity (P<.05) during the PM than S/F and shade only cows. The 

opposite behavior was noted during the AM, which showed more drinking 

activity for shade only cows. A study conducted by Igono et al. (1987) showed 

that Holstein cows preferred the benefits of spray and fans under shade 

compared to shade only. However, after the cooling system was turned off the 

cows spent most of the night lying in the open lot. 

Correlation Coefficients. 

General correlation coefficients among variables measured for breeds 

combined are presented in table 25. The maximum THI had a significant 
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(P<.01) negative correlation with milk yield (-.18), FCM (-.20), fat production 

(-.20), protein production (-.11) and T3 (-.16), and significant positive correlation 

with protein percentage (.17), and respiration rate (.24). Rectal temperature had 

a low correlation (P>.10) with THI maximum probably due an effect of the 

treatments with the cooling systems, which showed low correlation between THI 

maximum and rectal temperature, however, the control group had a correlation 

of .24 (P<.05) between that variables. Minimum THI had correlation of .17 with 

rectal temperature and .24 for respiration rate (P<.01), supporting the 

importance of nights with low THI to reduce heat stress. T3 level had a 

correlation of-.16 and -.18 with THI maximum and respiration rate, respectively 

(P<.01). On the other hand the correlation between Cortisol levels and 

respiration rate was -.12 (P<.05). 

Correlation coefficients for each breed group are presented in tables 26 

and 27. For Holstein cows the correlation between maximum THI and milk yield 

and FCM was -.24 and -.25 (P<.01) respectively. However, for Brown Swiss 

cows the correlation observed between maximum THI and milk yield was only 

-.07 (P<.05). A small significant negative correlation (-.12) was found between 

maximum THI and FCM. The correlation (P<.05) between maximum THI with 

respiration rate was (.25) for Holstein cows, and .27 for Brown Swiss cows. 

The correlation in Holstein cows between T3 levels and THI maximum, rectal 

temperature, and respiration rate was -.15, -.13 and -.22, respectively (P<.01), 

while la correlation between Cortisol level and respiration rate (P<.10) was -.14. 
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Brown Swiss cows had a correlation between T3 and THI maximum of -.17 

(P<.01) and -.15 with respiration rate (P<.10). 

Maust et al. (1972) reported a correlation between maximum 

temperature and milk yield of -.25 in Holstein cows at midiactation. Rectal 

temperature and respiration rate were positively correlated with THI (.29 and 

.33 respectively) in Holstein cows (Buffington et al., 1981). Higher correlation 

coefficients have been reported between THI and milk yield (.66) and THI with 

rectal temperature (.96) in Holstein cows in climatic chambers (Johnson et al., 

1962). 
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Table 4. Weekly averages of maximum and minimum temperature-humidity 

index (THI) during the trial. 

Week Maximum THI Minimum THI 

1 79 59 

2 77 60 

3 73 56 

4 79 59 

5 80 66 

6 80 65 

7 79 67 

8 82 71 

9 83 74 

10 82 72 

11 83 73 

12 80 72 

13 82 71 

14 81 71 

15 82 72 

16 85 68 

17 85 67 

18 80 62 

Average weeks 1-18 81 67 
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Table 5. Effect of cooling systems on milk production (kg/d) of heat-stressed 

Holstein cows.^ 

T reatment 

Control Spray and Fans Korral Kool 

Week LSM ± SE LSM 1+
 

co
 

m
 

LSM ± SE P= 

4 39.5 1.7 41.7 1.6 41.9 1.5 0.38 

5 37.4 2.0 41.6 1.9 42.4 1.8 0.10 

6 36.1 2.3 40.7 2.0 41.9 1.9 0.10 

7 35.5 2.0 41.7 1.8 41.1 1.7 0.02 

8 34.4 1.7 40.6 1.6 41.1 1.4 0.01 

9 29.0 1.8 41.3 1.6 40.8 1.5 0.01 

10 28.2 2.3 39.7 1.9 41.4 1.9 0.01 

11 27.2 2.1 36.6 1.8 38.0 1.7 0.01 

12 28.3 1.8 38.1 1.6 36.7 1.5 0.01 

13 29.2 1.9 39.0 1.7 36.9 1.6 0.01 

14 29.7 1.9 36.6 1.7 35.7 1.5 0.01 

15 27.6 1.9 36.8 1.7 34.8 1.5 0.01 

16 27.2 2.0 36.7 1.7 33.7 1.6 0.01 

17 28.1 2.0 37.3 1.8 31.4 1.6 0.01 

18 27.2 2.1 38.3 1.8 31.2 1.7 0.01 

Overall 
mean 31.0^ 1.6 39.1" 1.4 37.9" 1.3 

^ Results are reported as least squares means ± standard error. 
Means within a row with different superscript are different (P<.05). 
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Table 6. Effect of cooling systems on milk production (kg/d) of heat-stressed 

Brown Swiss cows.^ 

Treatment 

Control Spray and Fans Korral Kool 

Week LSM ± SE LSM ± SE LSM ± SE P= 

4 31.4 2.5 30.6 2.1 34.1 2.4 0.52 

5 31.4 1.5 31.2 1.3 34.7 1.6 0.18 

6 29.8 1.4 32.5 1.3 33.2 1.6 0.17 

7 31.0 1.5 33.2 1.4 33.2 1.5 0.45 

8 29.4 1.4 32.3 1.3 33.3 1.5 0.15 

9 29.4 1.3 32.8 1.2 32.6 1.4 0.12 

10 30.6 1.9 32.3 1.9 31.1 2.2 0.75 

11 27.8 1.8 29.5 1.6 32.1 1.6 0.26 

12 28.3 1.5 32.3 1.4 31.6 1.5 0.12 

13 30.0 1.2 30.9 1.2 32.3 1.2 0.43 

14 31.1 1.2 30.8 1.1 31.1 1.1 0.97 

15 30.1 1.5 31.0 1.5 30.7 1.4 0.87 

16 28.3 1.6 31.0 1.5 27.9 1.3 0.24 

17 29.6 1.6 29.3 1.6 27.1 1.5 0.40 

18 28.8 1.7 29.3 1.7 27.0 1.6 0.87 

Overall 
mean 29.8^ 1.0 31.3® 0.9 31.4^ 1.0 

^ Results are reported as least squares means ± standard error. 
® Means within a row with the same superscript are similar (P>.05). 
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Table 7. Effect of cooling systems on 4% FCM (kg/d) of heat-stressed Holstein 

cows.^ 

Treatment 

Control Spray and Fans Korral Kool 

Week LSM 

LU CO +1 

LSM ± SE LSM ± SE P= 

4 34.1 1.6 35.4 1.5 35.8 1.4 0.63 

5 33.0 2.2 35.3 2.0 35.9 1.9 0.56 

6 32.1 2.2 34.5 1.9 35.6 1.9 0.45 

7 34.5 1.9 33.9 1.7 33.8 1.6 0.94 

8 33.4 1.5 33.0 1.4 33.7 1.3 0.92 

9 27.5 1.5 35.6 1.4 34.7 1.3 0.01 

10 26.7 2.0 33.9 1.7 35.3 1.6 0.01 

11 26.1 2.0 28.6 1.7 33.3 1.7 0.01 

12 27.4 1.7 30.2 1.5 32.3 1.4 0.08 

13 25.8 1.6 32.7 1.5 33.2 1.3 0.01 

14 26.4 1.6 30.6 1.5 32.4 1.3 0.01 

15 25.3 1.8 30.2 1.5 31.6 1.5 0.01 

16 25.1 1.8 30.3 1.6 30.7 1.5 0.02 

17 25.2 1.4 31.2 1.2 27.7 1.1 0.01 

18 24.4 1.4 31.9 1.3 27.6 1.1 0.01 

Overall 
mean 28.5^ 1.2 32.5" 1.0 32.9'' 1.0 

^ Results are reported as least squares means ± standard error. 
" Means within a row with different superscript are different (P<.05). 
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Table 8. Effect of cooling systems on 4% FCM (kg/d) of heat-stressed 

Brown Swiss cows.^ 

Treatment 

Control Spray and Fans Korral Kool 

Week LSM 1+
 

CO
 

m
 

LSM ± SE LSM ± ; SE P= 

4 28.7 2.4 29.3 2.0 32.6 2.0 0.44 

5 29.6 1.6 30.1 1.5 32.1 1.7 0.52 

6 27.6 1.6 32.0 1.6 30.8 1.9 0.13 

7 28.9 1.8 31.0 1.6 29.7 1.7 0.66 

8 27.8 1.8 30.2 1.6 29.6 1.8 0.57 

9 27.6 1.7 31.2 1.5 29.1 1.8 0.30 

10 29.0 1.9 29.8 1.7 27.7 2.0 0.75 

11 25.3 1.9 28.2 1.7 30.2 1.8 0.20 

12 25.3 1.8 30.8 1.6 29.8 1.8 0.07 

13 27.7 1.4 28.1 1.2 31.4 1.4 0.14 

14 28.4 1.2 27.8 1.0 30.2 1.1 0.34 

15 26.6 1.4 27.8 1.4 27.5 1.5 0.79 

16 25.4 1.5 27.5 1.3 25.5 1.2 0.41 

17 25.4 1.4 26.2 1.3 23.5 1.3 0.25 

18 25.4 1.5 26.2 1.4 23.6 1.4 0.37 

Overall 
mean 27.3® 1.0 29.1® 0.9 28.9® 1.0 

^ Results are reported as least squares means ± standard error. 
® Means within a row with the same superscript are similar (P>.05). 
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Table 9. Effect of cooling systems on protein percentage in mili< of heat-

stressed Holstein cows.^ 

Treatment 

Control Spray and Fans Korral Kool 

Week LSM ± SE LSM ± SE LSM ± SE P= 

4 2.7 0.08 2.7 0.09 2.7 0.07 0.83 
6 2.9 0.08 2.7 0.08 2.9 0.06 0.01 
8 2.8 0.07 2.6 0.07 2.8 0.06 0.06 
10 2.9 0.08 2.7 0.07 2.9 0.05 0.10 
12 2.9 0.08 2.9 0.07 2.9 0.05 0.74 
14 3.1 0.08 2.8 0.07 3.0 0.06 0.05 
16 3.2 0.09 2.9 0.08 2.9 0.08 0.11 
18 3.5 0.09 3.1 0.08 3.2 0.07 0.01 

Overall 
mean 3.0® 0.06 2.8® 0.06 2.9® 0.04 

^ Results are reported as least squares means ± standard error. 
® Means within a row with the same superscript are similar (P>.05). 
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Table 10. Effect of cooling systems on protein percentage in milk of heat-

stressed Brown Swiss cows.^ 

T reatment 

Control Spray and Fans Korral Kool 

Week LSM ± SE LSM + SE LSM 

UJ CO +1 P= 

4 3.0 0.07 3.0 0.08 2.9 0.05 0.41 

6 3.1 0.06 3.1 0.07 3.0 0.05 0.08 

8 3.2 0.06 3.1 0.07 2.9 0.05 0.01 

10 3.3 0.06 3.2 0.07 3.1 0.04 0.09 

12 3.3 0.06 3.3 0.07 3.1 0.04 0.03 

14 3.4 0.06 3.4 0.07 3.2 0.04 0.01 

16 3.4 0.06 3.4 0.08 3.2 0.04 0.05 

18 3.7 0.06 3.7 0.07 3.4 0.04 0.01 

Overall 
mean 3.3® 0.09 3.3® 0.08 3.1" 0.08 

^ Results are reported as least squares means ± standard error. 
Means within a row with different superscript are different (P<.05). 
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Table 11. Effect of cooling systems on fat percentage in milk of heat-stressed 

Holstein cows.^ 

T reatment 

Control Spray and Fans Korral Kool 

Week LSM ± SE LSM ± SE LSM ± SE P= 

4 2.8 0.20 2.9 0.21 2.9 0.13 0.85 

6 2.9 0.19 3.0 0.20 2.8 0.12 0.47 

8 3.4 0.19 2.8 0.19 2.6 0.11 0.01 

10 3.2 0.20 3.1 0.19 2.8 0.11 0.12 

12 3.3 0.19 2.6 0.19 2.9 0.11 0.03 

14 2.8 0.19 2.9 0.20 3.1 0.11 0.55 

16 3.0 0.20 2.8 0.19 3.1 0.12 0.37 

18 3.0 0.13 2.9 0.20 3.0 0.13 0.85 

Overall 
mean 3.0^ 0.11 2.9" 0.14 N

) 

C
D

 (U
 

0.06 

^ Results are reported as least squares means ± standard error. 
Means within a row with the same superscript are similar (P>.05). 
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Table 12. Effect of cooling systems on fat percentage in milk of heat-stressed 

Brown Swiss cows.^ 

T reatment 

Control Spray and Fans Korral Kool 

Week LSM ± SE LSM 1+
 

CO
 

m
 

LSM ± SE P= 

4 3.0 0.24 3.5 0.20 3.6 0.28 0.16 

6 3.3 0.18 3.8 0.18 3.2 0.24 0.07 

8 3.3 0.17 3.6 0.17 3.2 0.24 0.30 

10 3.3 0.17 3.8 0.17 3.2 0.23 0.04 

12 3.2 0.16 3.9 0.18 3.6 0.23 0.01 

14 3.5 0.16 3.7 0.18 3.8 0.23 0.57 

16 3.4 0.17 3.7 0.20 3.6 0.24 0.53 

18 3.3 0.18 3.9 0.21 3.4 0.25 0.08 

Overall 
mean 

(0 C
O

 C
O

 

0.08 3.7" 0.10 3.5^" 0.10 

^ Results are reported as least squares means ± standard error. 
® Means within a row with different superscript are different (P<.05). 
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Table 13. Effect of cooling systems on somatic cell count (1X10^) in milk of 

heat-stressed dairy cows.^ 

Treatment 

Week 

Control Spray and Fans Korral Kool 

P= Week LSM ± SE LSM ± SE LSM ± SE P= 

4 55.6 119.1 166.9 106.0 105.1 54.6 0.75 

6 108.5 100.9 374.8 96.8 97.5 48.3 0.02 

8 266.1 100.6 79.7 101.5 66.6 44.2 0.17 

10 147.9 95.3 131.4 91.8 73.5 40.8 0.68 

12 184.1 97.4 198.0 93.7 204.6 40.4 0.98 

14 119.2 95.3 125.3 95.7 173.6 42.1 0.80 

16 232.2 98.6 249.0 95.0 174.2 43.9 0.68 

18 310.4 98.0 253.1 94.9 165.5 49.7 0.29 
Overall 
mean 178.3® 56.2 197.2® 54.8 132.6® 32.0 

^ Results are reported as least squares means ± standard error. 
® Means within a row with the same superscript are similar (P>.05). 
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Table 14. Effect of cooling systems on rectal temperature (°C) of heat-stressed 

Holstein cows.^ 

T reatment 

Control Spray and Fans Korral Kool 

Week LSM 1+
 

CO
 

m
 

LSM ± SE LSM ± SE P= 

4 38.9 0.18 38.7 0.10 38.6 0.09 0.11 

5 39.4 0.15 38.7 0.10 38.8 0.09 0.01 

6 39.7 0.15 38.8 0.10 39.0 0.08 0.01 

7 39.9 0.15 39.4 0.09 39.2 0.08 0.01 

8 39.8 0.15 39.0 0.09 38.9 0.08 0.01 

9 39.7 0.15 39.2 0.09 38.6 0.08 0.01 

10 39.8 0.15 39.4 0.09 38.4 0.08 0.01 

11 40.4 0.14 39.5 0.09 38.8 0.08 0.01 

12 40.2 0.14 38.8 0.09 38.7 0.08 0.01 

13 39.8 0.14 38.8 0.09 38.6 0.08 0.01 

14 39.6 0.14 39.3 0.09 39.0 0.08 0.01 

15 40.1 0.14 39.0 0.09 38.8 0.08 0.01 

16 39.5 0.15 38.8 0.09 38.8 0.09 0.01 

17 39.7 0.15 38.7 0.10 39.0 0.09 0.01 

18 39.4 0.15 38.7 0.10 39.0 0.10 0.01 

Overall 
mean 39.7^ 0.12 39.0" 0.04 38.8= 0.05 

^ Results are reported as least squares means ± standard error. 
Means within a row with different superscript are different (P<.05). 
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Table 15. Effect of cooling systems on rectal temperature (°C) of heat-stressed 

Brown Swiss cows.^ 

Treatment 

Control Spray and Fans Korral Kool 

Week LSM ± SE LSM + SE LSM ± SE P= 

4 38.6 0.12 38.8 0.09 38.6 0.07 0.18 

5 39.0 0.11 38.9 0.09 38.6 0.06 0.80 

6 39.2 0.11 38.8 0.08 38.9 0.06 0.18 

7 39.2 0.11 39.0 0.08 38.9 0.06 0.20 

8 39.1 0.11 38.9 0.08 38.9 0.06 0.01 

9 39.4 0.11 38.8 0.08 38.6 0.06 0.03 

10 39.5 0.11 39.0 0.08 38.3 0.06 0.01 

11 39.7 0.11 39.2 0.08 38.8 0.06 0.12 

12 39.5 0.11 38.7 0.08 38.7 0.06 0.01 

13 39.3 0.11 39.0 0.08 38.9 0.06 0.01 

14 39.0 0.11 39.3 0.08 39.0 0.06 0.01 

15 39.5 0.11 38.9 0.08 38.9 0.06 0.01 

16 39.1 0.11 38.8 0.08 38.9 0.06 0.01 

17 39.4 0.12 39.4 0.08 38.8 0.06 0.01 

18 38.8 0.11 38.9 0.08 38.9 0.07 0.01 

Overall 
mean 39.2® 0.07 38.9" 0.04 38.8^= 0.02 

^ Results are reported as least squares means ± standard error. 
Means within a row with different superscript are different (P<.05). 
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Table 16. Effect of cooling systems on respiration rate (breatlis/min.) of heat-

stressed Holstein cows.^ 

Treatment 

Control Spray and Fans Korral Kool 

Week LSM ± SE LSM + SE LSM ± SE P= 

4 73 4.0 55 4.0 42 3.6 0.01 

5 85 3.9 63 4.0 44 3.6 0.01 

6 79 3.9 61 3.9 41 3.5 0.01 

7 87 3.9 62 3.9 41 3.5 0.01 

8 89 3.8 60 3.9 45 3.5 0.01 

9 80 3.9 67 3.8 53 3.5 0.01 

10 94 3.9 79 3.8 74 3.5 0.01 

11 97 3.9 72 3.8 45 3.4 0.01 

12 96 3.8 52 3.8 54 3.4 0.01 

13 94 3.8 65 3.8 47 3.5 0.01 

14 92 3.8 64 3.8 43 3.5 0.01 

15 89 3.9 63 3.8 50 3.5 0.01 

16 92 4.0 72 3.9 52 3.6 0.01 

17 78 4.0 70 3.9 69 3.7 0.19 

18 77 4.1 58 4.0 54 3.7 0.01 

Overall 

mean 00
 01 1.0 

CD 

1.0 CJ
1 o
 o 0.9 

^ Results are reported as least squares means ± standard error. 
Means within a row with different superscript are different (P<.05). 
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Table 17. Effect of cooling systems on respiration rate (breaths/min.) of 

heat-stressed Brown Swiss cows.^ 

Treatment 

Control Spray and Fans Korral Kool 

Week LSM ± SE LSM ± SE LSM ± SE P= 

4 65 5.3 41 5.3 38 5.4 0.10 

5 74 5.2 54 5.3 41 5.3 0.03 

6 73 5.1 52 5.2 39 5.2 0.06 

7 67 5.1 64 5.2 40 5.1 0.01 

8 73 5.1 54 5.1 44 5.1 0.01 

9 82 5.0 62 5.1 61 5.1 0.01 

10 88 5.1 79 5.1 76 5.0 0.19 

11 90 5.0 72 5.1 44 5.1 0.01 

12 84 5.1 61 5.0 59 5.1 0.01 

13 81 5.1 55 5.1 52 5.1 0.01 

14 88 5.1 64 5.1 52 5.1 0.01 

15 90 5.2 63 5.1 51 5.1 0.01 

16 81 5.2 63 5.2 55 5.2 0.01 

17 78 5.3 72 5.2 76 5.1 0.75 

18 70 5.4 52 5.3 50 5.3 0.05 

Overall 

mean 79® 1.3 61" 1.3 52== 1.3 

^ Results are reported as least squares means ± standard error. 
Means within a row with different superscript are different (P<.05). 
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Table 18. Effect of cooling systems on triiodothyronine concentrations (ng/mi) 

in milk of heat-stressed dairy cows.^ 

T reatment 

Control Spray and Fans Korral Kool 

Week LSM ± SE LSM ± SE LSM ± SE P= 

4 2.8 0.10 3.0 0.12 3.5 0.12 0.01 

5 0.9 0.09 0.9 0.12 1.5 0.11 0.01 

6 2.0 0.09 1.9 0.11 2.3 0.11 0.06 

7 1.6 0.08 1.5 0.11 2.0 0.11 0.01 

8 1.5 0.08 1.8 0.11 2.3 0.11 0.01 

9 1.4 0.08 1.6 0.10 1.9 0.11 0.01 

10 2.2 0.08 2.2 0.10 2.3 0.11 0.58 

11 1.9 0.08 1.5 0.10 2.5 0.11 0.01 

12 1.3 0.08 1.5 0.11 1.5 0.11 0.12 

13 2.5 0.08 2.4 0.11 2.4 0.11 0.28 

14 2.2 0.08 2.2 0.11 2.6 0.11 0.01 

15 1.9 0.08 2.7 0.10 2.0 0.11 0.01 

16 1.2 0.08 1.3 0.11 1.3 0.11 0.87 

17 1.0 0.08 1.6 0.11 1.1 0.11 0.01 

18 1.3 0.08 1.3 0.11 1.4 0.12 0.54 

Overall 

mean 1.7^ 0.04 1.8® 0.06 2.0*= 0.08 

^ Results are reported as least squares means ± standard error. 
" Means within a row with different superscript are different (P<.05). 
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Table 19. Effect of cooling systems on Cortisol concentrations (ng/ml) in 

milk of heat-stressed dairy cows.^ 

T reatment 

Control Spray and Fans Korral Kool 

Week LSM ± SE LSM ± SE LSM ± SE P= 

4 62.2 2.0 68.3 1.9 60.3 1.5 0.01 

5 55.5 1.5 55.8 1.7 55.7 1.5 0.98 

6 59.1 1.8 66.6 1.6 64.1 1.5 0.01 

7 48.5 1.3 56.1 1.6 58.2 1.4 0.01 

8 56.9 1.3 55.1 1.5 57.8 1.4 0.40 

9 56.4 1.3 59.9 1.6 58.0 1.4 0.34 

10 55.4 1.4 58.1 2.0 59.3 1.5 0.08 

11 53.6 1.3 46.9 1.6 53.8 1.4 0.01 

12 59.2 1.4 62.0 1.5 57.3 1.4 0.08 

13 55.9 1.4 58.5 1.6 55.8 1.4 0.42 

14 53.8 1.3 52.5 1.6 51.9 1.4 0.58 

15 59.2 1.5 61.8 2.0 59.5 1.6 0.45 

16 56.3 1.4 59.4 1.5 58.9 1.4 0.16 

17 51.0 1.4 51.0 1.6 49.4 1.4 0.73 

18 55.7 1.5 54.1 1.6 58.7 1.5 0.07 

Overall 

mean 56.0® 0.3 57.7" 0.4 57.2^ 0.3 

^ Results are reported as least squares means ± standard error. 
Means within a row with different superscript are different (P<.05). 
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Table 20. Effect of cooling systems on body weight (kg) of heat-stressed 

dairy cows.^ 

Treatment 

Month 

Control Spray and Fans Korral Kool 

P= Month LSM ± SE LSM ± SE LSM ± SE P= 

Initial wt. 624.6 9,4 652.6 9.1 642.1 8.5 0.46 

2 611.2 7.5 622.6 7.2 633.9 6.3 0.02 

3 615.6 6.7 616.7 6.0 630.4 5.0 0.09 

4 590.2 7.0 604.9 6.1 628.4 5.1 0.01 

5 615.5 7.7 611.8 6.7 632.4 5.9 0.01 

Overall 

mean 608.1® 6.2 614.0® 5.3 631.3" 4.4 

^ Results are reported as least squares means ± standard error. 
Means within a row with different superscript are different (P<.05). 



102 

Table 21. Effect of cooling systems on body condition score of heat-stressed 

Holstein cows.^ 

Treatment 

Control Spray and Fans Korral Kool 

Month LSM + SE LSM ± SE LSM ± SE P= 

Initial BCS 2.7 0.10 2.7 0.10 2.6 0.10 0.91 

2 2.5 0.05 2.6 0.04 2.6 0.06 0.20 

3 2.4 0.05 2.6 0.04 2.6 0.05 0.01 

4 2.5 0.05 2.6 0.04 2.7 0.05 0.03 

5 2.5 0.05 2.7 0.04 2.7 0.06 0.01 

Overall 

mean 2.5® 0.07 2.6" 0.06 2.6" 0.06 

^ Results are reported as least squares means ± standard error. 
Means within a row with different superscript are different (P<.05). 
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Table 22. Effect of cooling systems on body condition score of heat-stressed 

Brown Swiss cows.^ 

T reatment 

Control Spray and Fans Korral Kool 

Month LSM ± SE LSM ± SE LSM + SE P= 

Initial BCS 2.9 0.17 3.1 0.17 3.0 0.17 0.76 

2 2.8 0.11 3.1 0.11 3.1 0.11 0.09 

3 2.7 0.10 3.1 0.09 2.9 0.08 0.11 

4 2.8 0.11 3.0 0.09 2.9 0.08 0.40 

5 3.1 0.12 3.0 0.10 3.1 0.10 0.87 

Overall 

mean 2.9® 0.09 3.1^ 0.07 3.0® 0.07 

^ Results are reported as least squares means ± standard error. 
® Means with the same superscript are similar (P>.05). 
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Table 23. Effect of cooling systems on reproductive performance of heat-

stressed dairy cows. 

Pregnancy (%) 

Treatment Holstein Brown Swiss Heats (mean) 

Control 0.0® (0)" 66.6"'= (4) 4.4® 

Spray and Fans 75.0'= (9) 25.0^" (2) 3.5® 

Korral Kool 58.3" (7) 55.5" = (5) 3.5® 

"•" Means with different superscript within column and row are different 
(P<.05) 
* Number in parentheses indicates number of pregnant cows. 
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Table 24. Effect of cooling systems on animal behavior (%) of heat-

stressed dairy cows. 

Treatment 

Activity Time^ Control Spray and Fans Korral Kool 

Eating AM 2.9® 3.6® 5.0® 

PM 2.9® 7.3" 5.6" 

Feed line AM o
 

01
 

1.2® 0.9® 

but not eating PM 0.4® 0.4® 1.0® 

Outside shade AM 52.7® 45.3" 33.4= 

PM 0.3® 2.0®" 

n
 C

O
 C

O
 

Under shade AM 44.0® 50.2® 60.0" 

PM 95.0® 89.0" 89.2" 

Drinking AM 1.2® 0.5" 0.6®" 

PM 1.0® 1.0® 1.4® 

Means within a row with different superscript are different (P<.05). 
^ AM = 0:00 to 3:00 h; PM = 12:00 to 15:00 h. 



Table 25. General correlation coefficients between variables measured. 

THP TH|2 Milk FCM^ Fat Fat Protein Protein RT^ RR® T3® Cortisol 

Variable Max. Min. kg kg % kg % kg °C br/min ng/ml ng/ml 

THIMax. 1.00 — -.18* -.20* -.04 -.20* .17* -.11* .01 .24* -.16* -.06^ 

THI Min. 1.00 -.07® -.06® -.01 -.05 .05^ -.10* .17* .24* .03 -.02 

Milk, kg 1.00 .90* -.30* .71* -.40* .86* -.13* -.20* -.05^ .03 

FCM, kg 1.00 .12* .94* -.31* .80* -.13* -.17* -.07® .01 

Fat. % 1.00 .43* .23* -.19* .01 .05 -.01 -.04 

Fat, kg 1.00 -.20* .65* -.12* -.11® -.06^ .00 

Protein, % 1.00 .09* -.22* -.06 .03 -.03 

Protein, kg 1.00 -.26* -.28* -.03 .02 

RT, °C 1.00 .60* -.09* -.07® 

RR, br/min 1.00 -.18* -.12® 

T3, ng/ml 1.00 -.05 

Cortisol, ng/ml 1.00 

^Temperature-humidity index maximum; ^Temperature-humidity index minimum 
^4% Fat corrected milk; ''Rectal temperature; Respiration rate (breaths/minute); 
^Triiodothyronine. 
*P<01:®P<.05;''P<.10. 

O 0\ 



Table 26. Correlation coefficients between variables measured for Holstein cows. 

THP TH|2 Milk FCM^ Fat Fat Protein Protein RT" RR® T3® Cortisol 

Variable Max. Min. kg kg % kg % kg °C br/min ng/ml ng/ml 

THI Max. 1.00 — -.24* -.25* -.04 -.22* .24* -.16* .02 .25* -.15' -.06 

THI Min. 1.00 -.11'^ -.10"^ -.03 -.08^ .04 -.13* .18* .19* .03 -.02 

Milk, kg 1.00 .91* -.20* .73* -.37* .90* -.26* -.30* -.08" .06 

FOM, kg 1.00 .21* .94* -.32* .83* -.20* -.20* -.09" .04 

Fat, % 1.00 .53* .09^ -.16* .13* .22* -.01 -.07" 

Fat, kg 1.00 -.24* .68* -.17* .06 -.08" .01 

Protein, % 1.00 .02 .01 .12 .01 -.03 

Protein, kg 1.00 -.26* -.30* -.07" .06 

RT, "C 1.00 .69* -.13* -.09" 

RR,br/min 1.00 -.22* -.14" 

T3, ng/ml 1.00 -.05 

Cortisol, ng/ml 1.00 

4% Fat corrected milk; Rectal temperature; Respiration rate (breaths/minute); 
^Triiodothyronine. 
•P<01;^P<.05;^P<,10. 

O •-4 



Table 27. Correlation coefficients between variables measured for Brown Swiss cows. 

X
 

1-

TH|2 Milk FCM^ Fat Fat Protein Protein RT" RR® T3® Cortisol 

Variable Max. Min. kg kg % kg % kg °C br/min ng/ml ng/ml 

THIMax. 1.00 — -.07 -.12® -.06 -.16* .16* .02 .01* .27* -.17' -.05 

THI Min. 1.00 -.02 -.03 .00 -.02 .09^ -.03 .20* .32* .02 .03 

Milk, kg 1.00 .90* .33* .73* -.28* .85* -.04 -.07 -.08^ -.02 

FCM, kg 1.00 

0
0
 0
 .94* -.25* .75* -.06 -.12^ -.07 -.01 

Fat, % 1.00 .37* .07 -.30* -.04 -.20* .10® .01 

Fat, kg 1.00 -.23* .61* -.06 -.17® -.04 .01 

Protein, % 1.00 .22* -.39* -.27* .20* -.03 

Protein, kg 1.00 -.24* -.26* .02 -.04 

RT, °C 1.00 .48* 1 0
 

C
D

 

-.01 

RR, breaths/min. 1.00 -.15" -.10 

T3, ng/ml. 1.00 -.06 

Cortisol, ng/ml. 1.00 

^Temperature-humidity index maximum; ^Temperature-humidity index minimum 
^4% Fat corrected milk; "Rectal temperature; Respiration rate (breaths/minute); 
^Triiodothyronine. 
*P<.01;''P<.05;^P<.10. 

O 
00 
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Figure 1. Effect of cooling systems and temperature-humidity index on milk yield of heat-

stressed Holstein cows. 
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Figure 2. Effect of cooling systems and temperature-humidity index on milk yield of heat-

stressed Brown Swiss cows. 
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Figure 3. Effect of cooling systems and temperature-humidity index on fat corrected 
milk (4%) of heat-stressed Holstein cows. 
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Figure 4. Effect of cooling systems and temperature-humidity index on protein percentage 
in milkof heat-stressed Holstein cows. 
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Figure 5. Effect of cooling systems and temperature-humidity index on fat percentage 

in milk of heat-stressed Holstein cows. 
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Figure 6. Effect of cooling systems and temperature-tiumidity index on rectal temperature of 

heat-stressed Holstein cows. 
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Figure 7. Effect of cooling systems and temperature-humidity index on rectal temperature of 
heat-stressed Brown Swiss cows. 
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Figure 8. Effect of cooling systems and temperature-humidity index on respiration rate of 

heat-stressed Holstein cows. 
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Figure 9. Effect of cooling systems and temperature-humidity index on triiodothyronine 

concentrations in milk of heat-stressed dairy cows. 
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Figure 10. Effect of cooling systems and temperature-humidity index on Cortisol 

concentrations in milk of heat-stressed dairy cows. 
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Figure 11. Effect of cooling systems and temperature-humidity index on body weight of 

heat-stressed dairy cows. 
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Figure 12. Effect of cooling systems and temperature-humidity index on body condition 
score of heat-stressed Holstein cows. 
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Figure 13. Effect of cooling systems and temperature-humidity index on body condition 
score of heat-stressed Brown Swiss cows. 
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CONCLUSIONS 

The results of this study indicated that Holstein cows had a higher 

milk production response in Korral Kool and spray and fan cooling system 

compared to shade only. No differences in milk production were observed in 

spray and fan versus Korral Kool. Brown Swiss cows did not show a 

significant response in milk production to cooling systems. Milk protein 

percentage was decreased by Korral Kool cooling system compared to 

spray and fan and shade only in Brown Swiss cows, while fat milk 

percentage was higher in spray and fan group compared to Korral Kool and 

shade only in Brown Swiss cows. Rectal temperature and respiration rates 

remained at a higher level in the shaded group than both cooling systems for 

both Holstein and Brown Swiss cows, indicating the cooling systems 

reduced heat stress and increased cow comfort during summer. 

Korral Kool group had a higher level of T3 compared to spray and fan 

and shade only, which agree with the lower rectal temperature and 

respiration rate observed in Korral Kool, indicating this system was more 

effective in reducing heat stress in dairy cows. Cortisol concentrations were 

lower in the shade only group. The differences in body condition score and 

body weight from the beginning to the end of the experiment were not 
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affected by the cooling systems. Holstein cows under cooling systems 

demonstrated superior reproductive efficiency compared with cows under 

shade only, while Brown Swiss did not improve their reproductive 

efficiency with cooling systems. 

The data on behavior demonstrate that cooling systems induce the 

cows to spend longer periods of time out of shade and eating during 

the evening. Brown Swiss cows showed a better heat tolerance to hot 

climates, however Holstein cows had a higher milk production than Brown 

Swiss. Bovine ST injections increased milk production in comparison to no 

bST only in Brown Swiss cows and respiration rate was higher in bST 

cows in both breeds, with no changes in rectal temperature. 

A decision to recommend a cooling system or a breed for hot 

climates must be based on economic analysis. 
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APPENDIX TABLES 
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Table A. Summary of general statistical analysis for milk yield, milk composition 

and somatic cell count. 

Significance Level 

Milk FCM^ Fat Fat Protein Protein SCC' 

Source (kg) (kg) (%) (kg) (%) (kg) (10') 

Treatment .01 .01 .34 .89 .35 .37 .52 

Breed .09 .11 .01 .70 .94 .44 .15 

bST^ .01 .01 .12 .01 .32 .25 .18 

Week .01 .01 .90 .01 .01 .01 .36 

DIM^ .27 .15 .31 .37 .62 .67 .72 

Covariate® .01 .01 .01 .01 .01 .01 .20 

Treatment*Breed .19 .04 .18 .54 .48 .66 .41 

Treatment*bST .10 .28 .40 .11 .71 .84 .38 

T reatment*Week .01 .01 .01 .01 .01 .01 .32 

Breed*bST .01 .01 .86 .71 .22 .13 .48 

Breed*Week .01 .01 .76 .52 .46 .04 .05 

bST*Week .03 .65 .48 .67 .50 .02 .01 

'4% Fat corrected milk. 
^Somatic cell count. 
^Bovine somatotropin. 
''Days in milk 
®Covariate was the milk yield average from week 1 to 3 for milk yield, rectal 
temperature, respiration rate, T3, Cortisol and the milk composition previous for 
fat, protein and somatic cell count. 
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Table B. Summary of general statistical analysis for rectal temperature, 

respiration rate, triiodothyronine, Cortisol, body weight and body condition score 

Significance Level 

1— a: 

RR2 T3^ Cortisol BW^ BCS' 

Source (°C) (brea./min) (ng/ml) (ng/ml) (kg) 

Treatment .01 .01 .01 .01 .01 .01 

Breed .01 .01 .06 .53 .01 .01 

bST® .16 .01 .02 .22 .56 .28 

Week .01 .01 .01 .01 .01 .01 

DIM^ .06 .88 .15 .97 .20 .01 

Covariate® .12 .94 .01 .79 .01 .01 

Treatment*Breed .05 .01 .84 .33 .59 .96 

Treatment*bST .80 .01 .32 .33 .25 .38 

Treatment*Week .01 .01 .01 .01 .01 .10 

Breed*bST .58 .72 .84 .40 .41 .46 

Breed*Week .01 .42 .04 .66 .01 .19 

bST*Week .12 .73 .06 .90 .65 .45 

^Rectal temperature. 
^Respiration rate (breaths/minute). 
^Triiodothyronine. 
''Body weight. 
®Body condition score. 
®Bovine somatotropin. 
^Days in milk. 
®Covariate was the milk yield average from week 1 to 3 for milk yield, rectal 
temperature, respiration rate, T3, Cortisol and the milk composition previous for 
fat, protein and somatic cell count. 
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Table C. Summary of statistical analysis for milk yield, milk composition and 

somatic cell count of Holstein cows. 

Significance Level 

Milk FCM^ Fat Fat Protein Protein SCC^ 

Source (kg) (kg) (%) (kg) (%) (kg) (10') 

T reatment .01 .01 .52 .55 .07 .22 .69 

bST^ .46 .21 .39 .19 .76 .70 .77 

Week .01 .01 .89 .61 .01 .01 .40 

DIM" .02 .01 .38 .61 .34 .37 .55 

Covariate® .01 .01 .01 .01 .01 .01 .25 

Treatment*bST .26 .34 .68 .30 .14 .28 .16 

T reatment*Week .01 .01 .01 .01 .01 .01 .64 

bST*Week .01 .12 .19 .23 .85 .26 .23 

Fat corrected milk. 
^Somatic cell count. 
^Bovine somatotropin. 
''Days in milk. 
^Covariate was the milk yield average from week 1 to 3 for milk yield, rectal 
temperature, respiration rate, T3, Cortisol and the milk composition previous 
for fat, protein and somatic cell count. 



128 

Table D. Summary of statistical analysis for rectal temperature, respiration 

rate, triiodothyronine, Cortisol, body weight and body condition score of Holstein 

cows. 

Significance Level 

RT^ RR2 T3' Cortisol BW" BCS-

Source (°C) (brea./min) (ng/ml) (ng/ml) (kg) 

T reatment .01 .01 .01 .43 .01 .01 

bST® .23 .01 .04 .02 .25 .83 

Week .01 .01 .01 .01 .01 .16 

DIM^ .33 .82 .71 .33 .49 .01 

Covariate® .01 .11 .01 .87 .01 .01 

Treatment*bST .82 .01 .09 .02 .92 .25 

T reatment*Week .01 .01 .01 .01 .03 .47 

bST*Week .44 .94 .51 .96 .45 .40 

^Rectal temperature. 
^Respiration rate (breaths/minute). 
^Triiodothyronine. 
"Body weight. 
®Body condition score. 
®Bovine somatotropin. 
^Days in milk. 
®Covariate was the milk yield average from week 1 to 3 for milk yield, rectal 
temperature, respiration rate, T3, Cortisol and the milk composition previous for 
fat, protein and somatic cell count. 
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Table E . Summary of statistical analysis for milk yield, milk composition and 

somatic cell count of Brown Swiss cows. 

Significance Level 

Milk FCM^ Fat Fat Protein Protein SCC^ 

Source (kg) (kg) (%) (kg) (%) (kg) (10') 

T reatment .42 .33 .01 .71 .03 .21 .53 

bST^ .01 .01 .99 .10 .07 .18 .09 

Week .15 .03 .83 .09 .01 .01 .44 

DIM^ .86 .74 .07 .21 .08 .57 .41 

Covariate® .01 .01 .40 .01 .01 .01 .32 

T reatment*bST .54 .43 .54 .24 .03 .19 .38 

Treatment*Week .03 .02 .71 .44 .57 .86 .12 

bST*Week .08 .19 .71 .21 .06 .26 .05 

^4% Fat corrected milk. 
^Somatic cell count. 
^Bovine somatotropin. 
''Days in milk. 
®Covariate was the milk yield average from week 1 to 3 for milk yield, rectal 
temperature, respiration rate, T3, Cortisol and the milk composition previous 
for fat, protein and somatic cell count. 
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Table F. Summary of statistical analysis for rectal temperature, respiration 

rate, triiodothyronine, Cortisol, body weight and body condition score of Brown 

Swiss cows. 

Significance Level 

Source 

RT^ 

(°C) 

RR^ 

(brea./min) 

T3' 

(ng/ml) 

Cortisol 

(ng/ml) 

BW^ 

(kg) 

BCS' 

Treatment .01 .01 .32 .06 .40 .34 

bST® .94 .81 .68 .64 .34 .90 

Week .01 .01 .01 .01 .01 .03 

DIM^ .09 .20 .37 .55 .06 .03 

Covariate® .14 ,59 .01 .47 .01 .01 

Treatment*bST .83 .93 .93 .94 .21 .64 

Treatment*Week .01 .06 .01 .01 .01 .02 

bST*Week .31 .76 .05 .90 .73 .51 

^Rectal temperature. 
^Respiration rate (breaths/minute). 
^Triiodothyronine. 
'^Body weight. 
®Body condition score. 
®Bovine somatotropin. 
^Days in milk. 
®Covariate was the milk yield average from week 1 to 3 for milk yield, rectal 
temperature, respiration rate, T3, Cortisol and the milk composition previous for 
fat, protein and somatic cell count. 
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