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ABSTRACT 
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Two trials were conducted to determine the effect of 

protein degradability [low (LD) vs high (HD)] and 

evaporative cooling (shade cooling vs shade) on performance 

of 60 lactating Holstein cows in mid-lactation. 

Cooling and the LD diet increased milk production, 

3.5% FCM and feed efficiency in trial 1 (24 cows) while in 

trial 2 (36 cows) LD diet increased milk production and feed 

efficiency and cooling did not exert a significant effect. 

Differences between trials were probably due to higher 

environmental temperature humidity indexes (77.0 vs 72.0), 

and a higher quality of the rumen bypass protein in the LD 

diet in trial 2 than trial 1. 

Cooling reduced respiration rates in trial 1 and 

respiration rates, rectal and inner ear temperatures in 

trial 2. Eating patterns were unaffected by protein 

degradability or cooling. 
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INTRODUCTION 

Ambient temperature influences the milk producing 

ability of lactating dairy cows during the hot summer months 

in Arizona. Heat stress results in increased maintenance 

energy requirements and a reduction in growth rates, milk 

yields, and reproductive performance which can cause 

appreciable economic losses to producers. 

Dry matter intake begins to decline at mean daily 

environmental temperatures of 25 to 27"C, and is widely 

accepted as a major negative influence on productivity 

(Beede and Collier, 1986). Reduced intake generally results 

in lower consumption of most essential nutrients. 

Metabolism studies indicated that intensely heat-stressed 

cattle were in negative nitrogen balance (Kamal and Johnson, 

1970), largely due to reduced consumption. Decreased intake 

will result in less total dietary protein intake unless 

protein concentration in the diet is increased. 

Oversupplementation of rumen degradable protein, 

however, may reduce the efficiency of energy utilization by 

making more rumen degraded protein available to the 

microorganisms than can be efficiently utilized, resulting 

in greater energy losses required to excrete the excess 
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ammonia. Cows fed a high protein diet that was highly 

degradable were less productive under heat stress conditions 

than those fed high protein of lower degradability or medium 

protein diets (Higginbotham, 1987; Higginbotham et al., 

1989b). 

The high ambient temperatures encountered during the 

summer months in Arizona add a significant heat load to 

lactating cows. Additional energy is required to dissipate 

heat leaving less energy available for lactation needs. 

Altering the environment by installation of evaporative 

coolers in pens reduces heat load on cows, presumedly 

leaving more energy for productive purposes. 

This research compared the response of lactating dairy 

cows fed diets of varying protein degradability while being 

exposed to either evaporative cooling or shade only. 

Production measures included milk yield, milk composition, 

and feed intake. Physiological responses such as rectal 

temperatures, respiration rates, eating patterns, and inner 

ear temperatures were also determined. 
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LITERATURE REVIEW 

Effects of Heat Stress <?n 

Nutrient Acquisition and Metafrplism 

Acquisition of nutrients for productive purposes 

begins with ingestion of a diet containing potentially 

digestible nutrients and continues through digestion of that 

diet and absorption of digested nutrients into the blood 

stream for distribution to tissues. All three of these 

functions are affected by heat stress (Beede and Collier, 

1986). 

Feed Intake. 

Decreased feed intake near or above the upper critical 

temperature of the animal is widely accepted as a major 

negative influence on productivity (Beede and Collier, 

1986). The critical high temperature at which feed 

consumption begins to decline is 25 to 27°C in lactating 

Holstein cows, (Berman et al., 1985; Beede and Collier, 

1986) 26 to 29*C for Jerseys, above 29.5"C for Brown Swiss 

and 32 to 35*C for Brahmans (Worstell and Brody, 1953). 

Ragsdale et al. (1948) showed that at 40°C, feed intake of 
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Holstein and Jersey cows virtually stopped. Other climatic 

factors such as wind velocity, humidity and radiation also 

affect homeothermy under natural conditions, and thus are 

interrelated with ambient temperature in affecting feed 

consumption (Beede et al., 1985). 

The environmental temperature at which feed intake 

begins to decline is influenced by diet composition. The 

NRC (1981) suggests that the greater the proportion of 

roughage in the diet, the greater and the more rapid the 

reduction in dry matter intake as environmental temperatures 

increase. McDowell (1972) reported a 5% reduction of 

concentrate and a 22% decline in hay consumption by 

lactating Holstein cows as mean environmental temperatures 

increased from 18 to 30°C. In general, the less digestible 

the diet fed to a heat-stressed animal, the greater will be 

the rate and extent of reduction in consumption (Beede and 

Collier, 1986). 

Physiological responses to heat stress in many animals 

are attempts to maintain a normal body core temperature. 

Decreased feed intake results in less heat generated during 

ruminal fermentation and body metabolism. Elevated 

respiration rates and water intake also are related to 

reduced feed intake (Roman Ponce et al., 1977; Mallonee et 

al., 1985). There is usually a reduced gut motility and 

decreased rumination that, along with increased water 
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consumption, lead to greater gut-fill. Rate of rumen 

contraction is also less at high ambient temperatures 

(Attebery and Johnson, 1969; Collier et al., 1981). Warren 

et al. (1974) reported that reduced rates of passage of 

ingesta in steers fed forage diets during heat stress 

increased gut-fill, depressed appetite and increased percent 

digestibility. 

A direct negative effect of elevated temperatures on 

the appetite center of the hypothalamus may exist (Baile and 

Forbes, 1974). Anderson (1962) reported that heating the 

preoptic area via implanted thermodes in the preoptic area 

caused decreased intakes in hungry goats. If the thermodes 

were cooled, the goats ate even though body temperatures 

were increased greatly. 

Reduced feed intake due to heat stress often results 

in less essential nutrients being consumed. This may reduce 

performance, especially that of ruminants consuming high 

forage diets, unless alternate approaches (e.g., 

supplementation of feeds of greater nutrient density) can be 

employed to provide required nutrients and energy. 

Digestion. 

Heat stress affects digestion and neuroendocrine 

factors influencing digestion. It has been reported that as 

environmental temperatures rise roughage digestibility 
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increases (Colditz and Kellaway, 1972; McDowell, 1972; 

Lippke, 1975). Lippke (1975) also reported significant 

increases in digestibilities of dry matter and fiber 

components of alfalfa pellets fed to steers housed at 32°C 

compared with 21°C. It is surmised that a variety of 

factors affect digestibility, e.g., feed consumption, feed 

quality, nutrient composition, rates of passage of digesta 

and volumes of ruminal and postruminal digestive organs 

(Ellis et al., 1984). All are probably affected by heat 

stress but it is likely that reduced feed intakes have the 

greatest impact. NRC (1981) states that feed consumption 

and forage quality are depressed by high environmental 

temperatures and could alter digestibility, with reduced 

intake increasing and poorer forage quality decreasing 

digestibility. However, increased digestibility may not be 

solely due to decreased feed intake. When dry matter 

intakes were equal for heat-stressed cattle and those at 

thermoneutral, digestibilities were higher for the heat-

stressed cattle (Warren et al., 1974; Lippke, 1975). 

Collier et al. (1981) reported that the rate of rumen 

contraction is reduced at high environmental temperatures. 

Eating frequency and remastication rate was lower in goats 

experiencing heat stress (Appleman and Delouche, 1958). 

Some reports state that heat stress may alter digestibility 

by causing transient or long-lasting changes in rates of 
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passage and digestive tract volume (Warren et al., 1974; 

Schneider et al., 1984). In general, rates of passage of 

ingesta are slower (ruminal mean retention times greater) 

and ruminal volumes are greater, allowing for greater 

residence time to digest the potentially digestible feed. 

However, this advantage is offset largely by lower feed 

intakes, resulting in less net total nutrients available to 

the heat-stressed animal. 

Reduced gut motility can be caused by hypothyroidism 

(Levin, 1969). Miller et al. (1974) reported that dietary 

provision of thyroprotein to cattle with damaged thyroid 

glands enhanced rate of passage of digesta. Heat stress has 

been reported to reduce thyroidal activity (Gale, 1973; 

Johnson, 1976). Heat stress reduction of thyroxine is 

likely to decrease gut motility and rate of digesta passage. 

Absorption of Nutrients. 

Adaptation to thermal stress involves peripheral 

vasodilation and increased blood flow to accommodate 

evaporative and convective heat losses (Thatcher and 

Collier, 1982). This redirection of blood flow reduces the 

flow to internal organ systems such as the reproductive 

tract (Oakes et al, 1976; Roman Ponce et al., 1978) and 

ruminant forestomachs (Englehardt and Hales, 1977). 
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Englehardt and Hales (1977) also quantified 

distribution of capillary blood flow to the muscular and 

mucosal layers of the rumen, reticulum and omasum of sheep 

experiencing various thermoregulatory demands using 

radioactive microsphere techniques. Overall, about 7% of 

cardiac output was to the forestomach regions, with 95% of 

that blood flow to the mucosa and only 5% to muscle. 

Exposure to high ambient temperatures (40°C) decreased blood 

flow in mucosa of the dorsal rumen 32%, and 31% in the 

reticulum, compared with thermoneutral conditions (18°C). 

Blood flow to the omasal mucosa tended to increase, but flow 

to muscle layers was unaffected by thermal stress. Heating 

of deep-body thermoreceptors inserted in the hypothalamus or 

spinal cord lowered blood flow 17% in mucosa and 56% in 

muscle, compared with thermoneutral receptors. Lomax and 

Baird (1983) reported that blood flow to the digestive tract 

is influenced greatly by level of feed intake. The reduced 

blood flow, whether it be due to a direct effect of 

temperature, or a combination of temperature and reduced 

feed intake, could affect amount of nutrients absorbed from 

the digestive tract. 

Protein Metabolism Purina Heat Stress 

Heat stress alters dietary protein utilization and 

body protein metabolism (Ames and Brink, 1977; Ames et al., 
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1980; Kamal and Johnson, 1970; McDowell et al., 1969). 

Unless the dietary concentration of protein is increased 

during heat, the total amount of protein ingested will 

decrease because of decreased feed intake. Kamal and 

Johnson (1970) detected a 69% reduction in nitrogen 

retention when animals were exposed to 32.2 vs. 18.3°C, 

while feed intake was reduced 60%. Soderquist and Knox 

(1967) also reported reduced nitrogen balance during heat 

stress. Moody et al. (1967) reported that heat stress 

reduced total milk protein but not protein percentage, due 

to lower milk yield. 

Reduced energy consumption and the increased 

maintenance requirement during heat stress may result in 

more protein being metabolized to meet energy requirements 

of animals (Beede and Collier, 1986). Moreover, when amino 

acids are provided in excess of needs for milk or body 

protein, they are deaminated at an energy cost of 

synthesizing and excreting the amino group as urea (Oldham, 

1984). 

Few studies have reported negative effects on milk 

production from feeding high levels of protein, but Oldham 

(1984) cites work conducted by Danfaer et al. (1980). They 

state the reduced milk output with excessive N intake could 

be accounted for as a specific effect of excess N on energy 
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balance, with no effect on efficiency of use of 

metabolizable energy for milk production. 

Tyrell et al. (1979) stated that the utilization of 

protein (nitrogen) consumed in excess of that amount 

required for a particular physiological state is a less 

efficient process. They noted that intake of nitrogen in 

excess of the amount required by lactating cows results in 

decreased metabolizable energy equivalent to -7.2 kcal/g N. 

During a summer study in Texas, Leighton and Rupel 

(1960) observed no significant difference in milk production 

between cows fed high (50% in excess of requirement) and low 

(at requirement) protein diets, but they noted a trend in 

favor of the cows on the high protein diet. 

Hassan and Roussel (1975) evaluated the effects of 

dietary protein percent (14.3 vs 20.8%) on lactational 

performance of Holstein cows during natural thermal stress 

(30.9°C maximum, 19.3"C minimum daily temperatures). Dry 

matter intakes were 11% greater with higher crude protein, 

and actual and fat-corrected milk yields were 6.5% and 4.3% 

greater. Milk protein percentage and yield also were 

greater with higher dietary protein. However, Beede and 

Collier (1986) calculated the efficiency of feed protein 

conversion to milk protein from the Hassan and Roussel 

(197 5) study and found cows fed low protein were superior 

(23.8 vs 16.0%). 
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Zook (1982) compared two protein solubilities (40 vs 

20%) in lactating cows subjected to heat stress or thermal 

neutral conditions. Cows produced more milk on low protein 

solubility (20% of the total) during heat stress and thermal 

neutral conditions. Level of crude protein in the diet was 

approximately 15%, so it is plausible cows did not expend 

excessive energy in metabolizing excess nitrogen. 

Higginbotham (1987) compared two protein percents (16 

vs 19%) and two protein degradabilities (50 vs 65%) during 

both hot and moderate environmental temperatures. Milk 

yields, 3.5% fat corrected milk and milk persistence were 

lowest for the high protein, highly degradable rations 

during heat-stress, while milk yield did not decrease on 

high protein during moderate weather. Moreover, the higher 

protein content significantly depressed dry matter intake 

during hot weather compared to lower protein. 

Respiration Rates During Heat Stress 

One of the first physiological responses observed in 

cattle under heat stress is increased respiration rate 

(Johnson and Ragsdale, 1959). When exposed to hot 

environmental temperatures, cattle increase respiratory 

frequency and decrease tidal volume, with the net effect of 

increasing their respiratory minute volume (Thompson, 1973). 

This increased ventilation results in increased respiratory 
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evaporation, especially from the upper respiratory passages. 

Panting tends to alter alveolar ventilation which 

subsequently alters blood pH, O2, and CO2 (Collier et al., 

1982). In severe heat, where body temperature rises 

continuously, panting is followed by a "second phase" of 

breathing characterized by low respiratory frequencies and 

high tidal volumes (Thompson, 1973). 

When excessive panting occurs CO2 is eliminated faster 

than it is produced, pCC>2 is lowered, and blood pH rises 

(Collier et al., 1982). Dale and Brody (1954) reported that 

the ability of blood to take up CO2 in dairy cattle 

decreased with thermal stress. This effect was more 

pronounced in large lactating cows than in small, non-

lactating animals. The decline in CO2 combining capacity 

was associated with the rise in blood pH. The reduced CO2 

combining capacity and higher pH were termed respiratory 

alkalosis. Dale and Brody (1954) suggested that respiratory 

alkalosis may occur in cattle exposed to environmental 

temperatures exceeding 29°C. 

Daily salivary secretions (up to 180 liters) contain 

about 2.3 kg of bicarbonate, which is the major buffering 

agent for the acid-generating ruminal fermentation (Swenson, 

1977). The loss of carbon both through increased 

ventilation and alkaline reserve via urine excretion reduces 

the substrate pool available for salivary buffering of the 



rumen (Collier et al., 1982). Niles et al. (1980) reported 

a lower rumen pH in heat-stressed cows. Collier et al. 

(1982) states that the loss of buffering capacity is 

particularly important since cows are often fed high 

concentrate diets during heat stress, the fermentation of 

which causes a greater reduction in rumen pH than 

conventional diets. 

Thompson (1973) reported that the energy expended in 

panting increases the animals heat production and also 

results in an increased convection of air into the animals 

lungs which may result in greater heat uptake. The 

efficiency of panting depends on the relative humidity of 

the air. Expired air is nearly saturated with moisture 

vapor at body temperature, so inspired air of greater 

humidity reduces the potential of evaporative heat loss 

(Thompson, 1973). 

The resting respiratory rate of adult cattle is about 

30 breaths/min (Crosfill and Widdicombe, 1961). Riek and 

Lee (1948) determined that maximum respiratory rates were 

about 200/min in cows. Beakley and Findlay (1955) observed 

that cattle under high humidity had higher respiration rates 

than cattle at the same ambient temperature with low 

humidity. They estimated that 30 and 35"C air temperatures 

with high humidity had the same effect on respiration rates 

as temperatures of 33 and 46°C with low humidity. 
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Data relating respiration rate with dietary protein 

are scarce. Hassan and Roussel (1975) reported lower 

respiration rates for cows fed a high protein ration (20.8%) 

vs a moderate ration (14.3%) during hot environmental 

temperatures. Leighton and Rupel (1960) observed that 

lactating cows fed a ration which supplied 50% in excess of 

the protein requirement during hot weather resulted in 0.71 

slower respirations/min compared to cows fed protein near 

requirement. 

Zook (1982) compared two protein solubilities in 

lactating cows subjected to heat stress or thermoneutral 

conditions. Respiration rates increased during heat stress, 

but were not affected by protein solubility. 

Higginbotham (1987) compared two protein levels and 

two protein degradabi1ities during both hot and moderate 

environmental temperatures. Respiration rates were higher 

at hotter ambient temperatures, but showed no difference 

between treatments of differing protein percents or 

degradabi1ities during heat stress. However, a significant 

interaction was observed during moderate environmental 

temperatures with the respiration rates being greater with 

the high protein-highly degradabie and medium protein-medium 

degradabie treatments compared to high protein-medium 

degradabie or medium protein-high degradabie. 
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Rectal Temperatures Purina Heat Stress 

Rectal temperatures have been used to assess heat 

stress in cows (Fuquay et al., 1979). They reflect the 

animal's response to changes of environment throughout the 

day or between successive days, and may be a more sensitive 

indicator of thermal stress in dairy cattle than milk 

production (Araki et al., 1985). 

Bligh (1955) tested in calves the validity of using 

rectal temperature as a measure of body temperature by 

comparing the temperature in the rectum with that of the 

blood in the bicarotid trunk. Rectal temperatures were 

consistently 0.1 to 0.3 degrees higher than carotid blood 

temperatures during thermoneutrality and mild heat stress, 

but the two temperature measurements became identical during 

severe heat stress. 

Wren et al. (1961) reported diurnal body temperature 

patterns in cattle: 67% of the animals were biphasic (two 

temperature elevations per day), 23% were monophasic, 7% 

polyphasic and 3% aphasic. Working with three pairs of 

monozygotic twins, Patchell (1954) found rectal temperatures 

to be maximal in the early evening (1700-1800 h) and minimum 

in the early morning (0400-0600 h). 

Environment can affect rectal temperatures of dairy 

cows. Collier et al. (1981) reported that lactating cows 

initially subjected to heat stress conditions had lower 
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rectal temperatures (38.9°C vs 39.4°C) and higher milk 

production (10.7%) when assigned to a shade versus an 

unshaded treatment. Ingraham et al. (1979) showed similar 

results in Hawaii. Unshaded cows had a higher average daily 

rectal temperature than shaded. 

Environmental modifications can reduce heat stress as 

well as rectal temperatures (Wiersma and Stott, 1966; Hahn 

et al., 1969; Armstrong et al. , 1985). 

Data relating rectal temperatures with dietary protein 

are scarce. Leighton and Rupel (1960) reported that 

lactating cows fed a ration which supplied 50% in excess of 

protein requirement resulted in 0.04°C lower rectal 

temperature than cows fed at requirement, but differences 

were not significant. 

Hassan and Roussel (1975) noted no significant 

differences in rectal temperatures of heat stressed cows 

treated with two levels of dietary protein (14.3 vs 20.8%). 

Zook also showed no significant differences in rectal 

temperatures when comparing two protein solubilities, but 

rectal temperatures were higher during heat stress. 

Higginbotham (1987) compared two protein levels and 

two protein degradabi1ities during both hot and moderate 

environmental temperatures. Rectal temperatures were higher 

at hotter ambient temperatures, but no significant 



differences between treatments of differing protein levels 

or degradabilities were observed. 

Upper Critical Temperature for Milk Production 

The thermoneutral zone for milk production of high 

producing Holstein cows is between -5°C and 20°C (Johnson, 

1986), while McDowell (1976) reports it to be 10-20°C for 

600 kg cattle. Berman et al. (1985) reports the upper 

critical temperature to be 25-27°C. Severity of the decline 

in milk production above the thermoneutral zone is dependent 

on the humidity, which inhibits evaporative heat loss by the 

animal resulting in further increases in body temperature 

and inhibition of feed intake, perhaps the principal cause 

of lower milk yields (Johnson, 1980). 

Because high humidity aggravates heat stress of cattle 

subjected to hot ambient temperatures, a temperature-

humidity index [THI = t^ (dry bulb temperature) + 0.36 t<jp 

(dew point temperature) + 41.2°C] was established for 

Holstein cattle (Johnson et al., 1961; Berry et al., 1964). 

This index considers both temperature and humidity effects. 

Yousef (1985) cites heat tolerance studies by the 

Missouri Climatic Laboratory group which involved a total of 

51 cows measured at each stage of lactation. Percent 

decline in milk yield due to a 3-day heat (32°C) for early, 



mid, and late lactation was 24, 35, and 28%, respectively. 

The decreases per unit THI increase for early, mid, and late 

lactation were 0.27, 0.35, and 0.22 kg/milk/day, 

respectively. These estimates are similar to the 0.26 

kg/day/THI reported earlier by Johnson et al. (1961). 

Heat-tolerant and heat-sensitive cows were compared in 

the Missouri experiment. The heat-tolerant cows declined 

0.19 kg/day/THI increase, whereas the mean decrease for 

heat-sensitive cows was 0.45 kg/day/THI increase (Yousef et 

al., 1968). The critical temperature-humidity index above 

which milk production decreases is 71 (Armstrong and 

Wiersma, 1986a; Bianca, 1970; Hahn, 1976; and Sainsburg, 

1967). 

Effect of Cooling on Heat Stress 

Besides evaporative cooling, other environmental 

modifications to improve animal comfort and lessen losses of 

production are: Air conditioning (Hahn et al., 1965; Hahn, 

1969; Thatcher et al., 1974), Ventilation (Berman et al., 

1985; Folman et al, 1979), Sprinkling (Araki et al, 1985; 

Gauthier, 1983; Her et al, 1988; Igono et al, 1985), Zone 

air cooling (Gomila et al., 1977; Roussel and Beatty, 1970), 

Inspired air cooling (Canton et al., 1982; Hahn et al., 

1965), and a spectra of shade structures (Collier et al., 
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1982; Ingraham et al., 1979; Ragab et al. , 1953; Roman Ponce 

et al., 1982; Thatcher et al., 1974). 

Air conditioning reduced heat stress, but is 

impractical because of high operating costs. Refrigerated 

inspired air also reduced heat stress, but does not mesh 

with most management schemes. 

Shade structures are common in Arizona and reduce heat 

stress by preventing direct solar radiation from reaching 

the animal but do not change the air temperature or humidity 

(Buffington et al., 1981). 

Evaporative cooling approximates an adiabatic process 

in which a reduction in air temperature is the result of the 

removal of sensible heat required to evaporate water. This 

mass transfer can be accomplished by passing air over a 

water surface, atomizing water into the air stream, or 

passing air through a wetted pad (Taylor et al., 1986). 

Since the process of evaporative cooling involves 

addition of moisture to the air, and is a function of vapor 

pressure and saturation vapor pressure, its effectiveness is 

dependent on humidity of air (Taylor et al., 1986). 

Evaporative cooling has proven effective in reducing heat 

stress in dry climates (Wiersma and Stott, 1966; Wiersma and 

Stott, 1973), but was not effective in humid environments 

(Brown et al., 1974; Nelson et al., 1956; Taylor et al., 

1986). 
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Armstrong et al. (1985) reported that injecting fine 

mist into an air stream from fans mounted on a shade roof 

provided relief from heat stress to cows, and resulted in 

2.4 kg more milk with 16% lower respiration rates. This 

system was superior to spray and fans (Armstrong et al. , 

1988), or air conditioning (Armstrong et al., 1986b) for 

cooling of cows during Arizona summers. 

Summary of Literature Review 

High environmental temperatures increase maintenance 

energy requirements and decrease feed intake and milk 

production in lactating dairy cows. Decreased dry matter 

intake will results in less total dietary protein intake 

unless protein concentrations in the diet are increased. 

Oversupplementation of crude protein to lactating cows 

during heat stress may reduce the efficiency of energy 

utilization because of losses involved in excretion of 

excessive ammonia. 

Several methods are available for cooling the 

microenvironment of cows to reduce heat stress. A method 

commonly used in Arizona (injection of a fine mist into an 

air stream provided by fans) has proven more effective than 

other methods. 
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At present, there is little information on effects of 

protein degradability during heat stress. The objective of 

this experiment was to investigate protein degradability and 

evaporative cooling effects and their interaction on 

performance of lactating cows exposed to heat stress. 
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CHAPTER 3 

INFLUENCE OF PROTEIN DEGRADABILITY AND 

EVAPORATIVE COOLING ON PERFORMANCE OF 

DAIRY COWS DURING HOT ENVIRONMENTAL TEMPERATURES 

Summary 

Two production trials were conducted at the Dairy 

Research Center of the University of Arizona to evaluate the 

effect of protein degradabi1ity and evaporative cooling on 

milk production in Holstein cows. Four treatments arranged 

in a 2 x 2 factorial design were A: two levels of protein 

degradabi1ity and B: pen shading vs. outdoor evaporative 

cooling (Korral Kool System) with shading. 

In the first trial 24 Holstein cows were randomly 

assigned to the treatments based on pretreatment milk 

production and stage of lactation. The study began in 

August of 1987 and continued for 55 days. The second trial 

included 36 Holstein cows, beginning in July 1988, and 

continued for 50 days. 

In the first trial evaporative cooling increased milk 

production (p<.04), 3.5% FCM (p<.02), feed efficiency 

(p<.01) and dry matter intakes (p<.09). The high 

degradability diet (HD) also increased milk production 
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(p<.04). There were no significant differences in milk 

composition. 

In the second trial the low degradable (LD) diet 

increased milk production (p<.02), feed efficiency (p<.03) 

and milk lactose (p<.01) while decreasing milk fat (p<.01) 

and milk protein (p<.01). Protein degradabi1ity by 

evaporative cooling interactions were observed for milk 

production (p<.04) and DM intakes (p<.09) with LD resulting 

in higher milk yields and intakes in evaporatively cooled 

cows than those with shade only. 

The different response between trials is probably due 

to cows in trial 2 were under greater heat stress than in 

trial 1. Also, blood meal replaced part of the corn gluten 

meal in the LD diet in trial 2 which improved the quality of 

the bypass protein. Apparently a low degradable diet can 

improve production during heat stress provided the bypass 

protein is of good quality. 

Introduction 

Ambient temperature is a determinant factor on the 

milk producing ability of lactating dairy cows during the 

hot summer months in Southern Arizona. Heat stress results 

in an increased energy maintenance requirement as well as a 

reduction in growth rates, milk yields and reproductive 



performance, causing serious economic loss to livestock 

producers (Beede and Collier, 1986). Metabolism studies 

have shown that heat stressed cattle might undergo negative 

nitrogen balances (Kamal and Johnson, 1970) mainly due to 

reduced intakes, resulting in less protein available for 

production functions if concentration of dietary protein is 

not increased. Diets of high protein degradabi1ity have 

been shown to decrease performance of heat stressed cows 

more than those of low degradabi1ity (Higginbotham, 1987; 

Higginbotham, 1989b). Moreover, evaporative cooling has 

been shown to reduce heat stress resulting in increased milk 

yields and reproductive performance by altering the 

microenvironment surrounding the cow (Armstrong et al., 

1985). 

Since little information exists on the effect of 

protein degradability on production during heat stress and 

its interaction with evaporative cooling, this study was 

conducted to determine the influence of protein 

degradability and evaporative cooling on cow performance 

during the hot summer months in Tucson, Arizona. 

Materials and Methods 

Trial 1. Twenty-four Holstein cows averaging 149 days 

postpartum were used in a 55 d production trial during 
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August and September of 1987. Prior to the trial, cows were 

adapted to experimental pens during a two week pre-treatment 

period. 

The experimental pens housed 12 cows each in an open 

lot (600 m^) and provided 48 m^ of concrete flooring at 

feeders. The two shade areas in each pen were 72 m^, one 

was over the feeders and the other in the center of pens. 

Cooling was provided by a fine mist injected into the air 

stream from fans mounted in the shade roof (Korral Kool, 

Mesa, AZ). Feeding was ad libitum through electronic gates 

(American Calan Inc., Norwood, NH) to monitor individual 

feed intake. Weigh backs were recorded daily and amount of 

feed offered was adjusted to 10% in excess of appetite. 

Water and trace mineralized salt blocks were available at 

all times. Cows were milked twice daily at 0700 and 1900 h 

and milk yields were recorded every milking. Cows were fed 

once daily between 1100 and 1400 h. 

Representative samples of milk from PM and AM milkings 

from each cow were collected, composited weekly, and 

analyzed at the Arizona DHIA laboratory (Phoenix, AZ) for 

butterfat, protein, lactose and total solids by infrared 

analysis. 

After 14 d of pre-treatment, cows were blocked by 

production and stage of lactation and randomly assigned to 

four treatments arranged in a 2 x 2 factorial: L (Low 



Table 1. INGREDIENT AND NUTRIENT COMPOSITION OP DIETS1. 

Trial 1 Trial 2 

Ingredients HD LD HD LD 
% of DM — 

Alfalfa Hay 42. 8 42. 8 28. 8 28. 8 
Whole Cottonseed 0. 5 0. 5 10. 1 10. 1 
Cottonseed Hulls , , • • 8. 4 8. 4 
Ground Corn 29. 9 35. 1 17. 8 21. 1 
Ground Wheat 8. 6 8. 6 16. 0 19. 0 
Soybean Meal 15. 6 • • • 16. 7 • • • 

Corn Gluten Meal a . , 10. 4 • « • 6. 0 
Blood Meal , . , . a , , • 4. 2 
Molasses 1. 5 1. 5 1. 5 1. 5 
Animal Fat 
Vit-Mineral Mix 

0. 3 0. 1 , . # a # s Animal Fat 
Vit-Mineral Mix 0. 8 1. 0 0. 7 0. 9 

Nutrients 
Crude Protein 18. 8 18. 4 17 . 8 18. 1 
ADF 23. 5 22. 6 26. 7 29. 8 
NDF 
Prot. Degrad. 

28. 1 29. 7 31. 7 39. 2 NDF 
Prot. Degrad. 60. 6 54. 5 61. 9 55. 0 

HD, High Degradability; LD, Low Degradability; 
ADF, Acid Detergent Fiber; NDF, Neutral Detergent 
Fiber. 
Components of Vitamin-Mineral Mix: 
Biophosphate, TM Salt, and Vitamins A, D, 
and E. 
Calculated from IMC-Pitman-Moore Feed Ingredient 
Analysis Table & Recommendations 1988. 

degradability ration) vs. H (High degradability ration), and 

S (corral with shade only) vs. C (corral with shade and 

evaporative cooling). Diets (DM basis) were formulated to 

contain 20% CP, 1.65 mcal/kg NEj, 0.65% Ca, and 0.40 P. 

Ingredient composition is in table 1. Cows were weighed on 
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two consecutive days at the beginning and end of the trial 

and once biweekly. 

Statistical analyses were conducted with BMDP (1985) 

procedures for the model 

Yijkl=u+Di+cj+DCij+Covk+Ei]kl 

This model accounts for the effects of protein 

degradability (D^); evaporative cooling( C j ) ;  protein 

degradability by evaporative cooling interaction (DC^ j ) ;  

covariate (Cov^); and random error (Eijkl) • 

Environmental temperature and humidity data were 

obtained from the Arizona Meteorological Network (AZMET), a 

service of the University of Arizona Cooperative Extension. 

The weather data was collected at the University of Arizona 

Campbell Experimental Farm which is approximately 1 km from 

the Dairy Research Center. 

Trial 2. Thirty-six Holstein cows averaging 135 days 

postpartum were used on a 50 day production trial during 

July and August of 1988. Management was similar to that of 

trial 1 except the LD diet, where some corn gluten meal was 

replaced by blood meal (table 1). Diets were sampled weekly 

and composited monthly for analysis of DM, CP (AOAC, 1984), 

NDF and ADF (Van Soest, 1985). Milking, feeding, 

statistical analyses, sampling and other management 

practices were similar to trial 1. 
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Results and Discussion 

Table 1 shows the compositional analysis of diets from 

both trials. 

Milk and feed intake data are summarized in table 2. 

In trial 1 both degradabi1ity and cooling affected milk 

production with the cooled cows producing 1.25 kg/d more 

than the uncooled cows (p<.04). Cows on the HD ration 

outproduced those on LD by 1.35 kg/d (p<.05). Fat corrected 

milk (3.5%) was also affected by cooling with the cooled 

cows producing 2.3 kg/d more FCM than the uncooled cows. 

Feed intakes for uncooled cows were 1.05 kg/d higher than 

cooled cows (p<.09) and cooled cows were more efficient in 

conversion of feed to milk (1.51 vs. 1.33 kg milk/kg DM 

intake). 

In trial 2, a cooling by degradability interaction on 

milk production was observed with the LD - cooled treatment 

significantly higher than the other three treatments. There 

was also a cooling by degradability interaction on feed 

intake. When cooling was present cows fed the HD diet 

showed higher feed intake, but without cooling, the LD cows 

ate more. Cows fed the LD diet more efficient converted 

feed to milk (p<.03) than those on HD (1.43 vs. 1.21 kg 

milk/kg DM intake) and there were no significant differences 
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Table 2. EFFECT OF PROTEIN DEGRADABILITY AND EVAPORATIVE 
COOLING ON MILK YIELDS AND FEED INTAKES1'2. 

Trial 
COOLED SHADE 

HD LD HD LD 

EFFECTS 

D*C 

kg/d P < 
Trial 1 

Milk Production 31. 9 29.9 30.0 29.3 .04 .05 .31 
FCM (3.5%) 25.7 26.1 24.3 22.9 .57 .02 .34 
Feed Intake 21.3 21.1 21.8 22 .7 .52 .09 .37 
Milk/Feed 1.54 1.47 1.38 1. 27 .14 .01 . 67 

Trial 2 
Milk Production 26.8 32 .8 29.1 29.6 .02 .76 .04 
FCM (3.5%) 24.4 26.4 26.1 25.0 .75 .87 .31 
Feed Intake 23.9 21. 6 22.6 23.8 . 60 . 64 .09 
Mi lk/Feed 1.18 1.39 1.24 1.47 , 03 .44 94 

1 Covariate Adjusted Means. 
2 HD, High Degradability; LD, Low Degradability; D, 
Degradability Effect; C, Cooling Effect. 

in 3.5% FCM. 

Milk composition data are in table 3. There were no 

significant differences observed for any of the milk 

components in trial 1. In trial 2, degradability effects 

were noted for most components including fat, protein, and 

lactose (p<.01). The LD diet resulted in lower fat (2.40 vs 

2.89%) and protein (2.99 vs 3.13%), but higher lactose (4.85 

vs. 4.75%). The lower milk fat content agrees with other 
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studies which compared protein sources of varying 

degradability (Block et al. , 1981; Higginbotham et al., 

1984). 

Percentages of fat in milk were below what might 

normally be expected. Other studies have shown similar 

Table 3. EFFECT OF PROTEIN DEGRADABILITY AND EVAPORATIVE 
COOLING ON MILK COMPOSITION1,2 

COOLED SHADE EFFECTS 
Trial 

HD LD HD LD DC D*C 

- -  %  P < ' 
Trial 1 

Fat 2, .28 2, .58 2, .46 2, .26 .80 .74 .24 
Protein 3, .00 3. ,18 3, .07 3, .03 .39 .62 .18 
Lactose 4, .84 5. .01 4, . 92 4, .83 .69 .62 .24 
SNF 8, .76 8. .77 8, .90 8, .77 .76 .72 .69 

Trial 2 
Fat 2, .84 2. ,35 2, .93 2, .44 .01 .57 .98 
Protein 3, .15 2, .95 3, .11 3, .03 .01 .73 .23 
Lactose 4. .74 4. ,83 4. ,75 4. .87 .01 .50 .76 
SNF 8. .44 8. ,41 8. ,41 8. .48 . 95 .43 .50 

* Covariate Adjusted Means. 
HD, High Degradability; LD, Low Degradability; D, 

Degradability Effect; C, Cooling Effect. 
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decreases in milk fat percent during heat stress (McDowell 

et al., 1969; Mohammed and Johnson, 1985; Higginbotham, 

1987). 

THI 

79 

77 

75 

73 

71 

69 

67 

66 

Day of Trial 

Trial 1 Trial 2 

Figure 1. DAILY MEAN TEMPERATURE HUMIDITY INDEX (THI) FOR 
TRIALS 1 AND 2. 



The daily THI indexes for both trials are shown in 

figure 1. During the first few weeks, THI was similar for 

both trials, however, there were large differences during 

the last two thirds of the trials with trial 2 much higher 

than trial 1. The significant main effect of cooling on 

milk yields in trial 1, but not in trial 2 is difficult to 

explain considering that THIs were lower during most of 

trial 1. However, the LD cows under coolers in Trial 2 had 

higher production than all other groups. 

The relative advantage of the LD diet over the HD 

during trial 2 could have been the result of a complementary 

effect of amino acids which bypassed the rumen. Blood meal 

and corn gluten meal complement each other since blood meal 

is limiting in isoleucine, methionine, and cysteine, and 

corn gluten meal is limiting in tryptophane and lysine. 

Higginbotham et al. (1987, 1989a, 1989b) conducted 

three trials in Arizona and one in Utah to compare diets of 

differing protein percent and degradability during summer 

months. The Arizona trials were conducted at the same 

facilities used for this trial, and the cows were all housed 

in the shaded pens without evaporative cooling. In Arizona, 

a high protein diet of high rumen degradability decreased 

milk production while the same diet resulted in highest FCM 

production in Utah. A similar trend was seen in this trial 

when comparing the hotter environmental conditions in trial 
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2 with the more moderate conditions of trial 1. Cows fed 

the LD diet outproduced the HD in trial 2 (at hotter 

temperatures), but were lower than the HD in trial 1 (under 

cooler conditions). However, the trend was not seen when 

comparing cooled cows to shade only within each trial. In 

both trials, there were no significant differences in milk 

yields between LD and HD cows under shade conditions but 

they followed the same trends as cooled cows suggesting that 

while the evaporative coolers effectively changed 

environmental conditions enough to improve production, the 

changes were not sufficient to duplicate the results of the 

Utah trial where ambient temperatures were considerably 

cooler than those in Arizona. 
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CHAPTER 4 

INFLUENCE OF PROTEIN DEGRADABILITY AND 

EVAPORATIVE COOLING ON PHYSIOLOGICAL PARAMETERS 

OF DAIRY COWS DURING HOT ENVIRONMENTAL TEMPERATURES. 

Summary 

Two experiments involving 60 lactating Holstein cows 

were conducted at the Dairy Research Center of the 

University of Arizona to evaluate the effect of protein 

degradability and evaporative cooling on certain 

physiological parameters. Four treatments were arranged in 

a 2 x 2 factorial. Factors were A, two protein 

degradabilities and B, shade vs. outdoor evaporative cooling 

(Korral Kool System). 

Cows were randomly assigned to the treatments on the 

basis of pretreatment milk production and stage of 

lactation. Trial 1 (24 cows) began in August of 1987 and 

continued for 55 days and trial 2 (36 cows) began in July 

1988 and continued for 50 days. 

In trial 1 evaporative cooling reduced respiration 

rates (p<.01) and a protein degradability by evaporative 

cooling interaction was observed for rectal temperatures 

(p<.05) and time spent eating (p<.02). Cows fed the low 
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degradabi1ity (LD) diet had greater rectal temperatures than 

those fed the high (HD) in shaded pens, but under the 

coolers, cows fed the LD diet had lower temperatures than 

those on HD. Cows fed LD spent more time eating than the HD 

under cooled conditions, however, cows without coolers on HD 

ate longer than LD. There were no significant differences 

between treatments in number of meals consumed. 

In trial 2 evaporative cooling reduced respiration 

rates (p<.01), rectal (pc.Ol) and inner ear temperatures 

(p<.10) of cows, as well as average maximum and average 

daily ambient temperatures in pens (p<.01). Average maximum 

and average daily temperature humidity indexes were also 

lower in cooled pens (p<.01). A protein degradabi1ity by 

evaporative cooling interaction was observed for respiration 

rates. Cooled cows fed the LD diet had slower respiration 

rates than those fed the HD, but in shade pens, cows fed the 

LD had faster respiration rates than those fed the HD. No 

significant differences were observed in time spent eating 

or number of meals consumed. 

Evaporative cooling effectively reduced respiration 

rates, rectal and inner ear temperatures, but neither 

evaporative cooling or protein degradability affected eating 

patterns. 



Introduction 

Pen evaporative cooling which alters the 

microenvironment surrounding the cow reduces heat stress as 

determined by decreased rectal temperatures and respiration 

rates. 

Since little information exists on the effect of rumen 

protein degradability of the diet during heat stress and its 

interaction with evaporative cooling, this study was 

conducted to determine the influence of these factors on 

certain physiological characteristics such as body 

temperatures, respiration rates and diurnal eating patterns 

during the hot summer months in Tucson, Arizona. 

Materials and Methods 

Trial 1. Twenty-four Holstein cows in mid lactation 

were used in a 55 d production trial during August and 

September of 1987. Prior to the trial, cows were adapted to 

experimental pens during a two week pre-treatment period. 

The experimental pens housed 12 cows each in an open 

lot (600 m^) and provided 48 m^ of concrete flooring at 

feeders. The two shade areas in each pen were 72 m^, one 

was over the feeders and the other in the middle of the 

pens. Cooling was provided by a fine mist injected into the 

air stream from fans mounted on the shade roof (Korral Kool, 
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Mesa, AZ) in the center of pens. Feeding was ad libitum 

through electronic gates (American Calan Inc., Norwood, NH) 

to monitor individual feed intake. Electric switches were 

installed on 12 of the individual gates to measure eating 

patterns during the trial. Data were monitored continuously 

and recorded using a multichannel digital datalogger 

(Campbell Scientific, Logan, UT) at 1 minute intervals. 

Water and trace mineralized salt blocks were available at 

all times. Cows were milked twice daily at 0700 and 1900 h, 

and fed once daily between 1100 and 1400 h. A meal was 

defined as a period of uninterrupted (up to 3 minute 

interruptions were allowed for chewing) eating. 

Rectal temperatures were measured weekly by digital 

readout thermometers and respiration rates with a stop 

watch. 

After 14 d of pre-treatment, cows were blocked for 

production and stage of lactation and randomly assigned to 

four treatments arranged in a 2 x 2 factorial design. 

Factors were: L (Low degradabi1ity ration) vs. H (High 

degradability ration), and S (corral with shade only) vs. C 

(corral with shade and evaporative cooling). 

Statistical analyses were conducted with BMDP (1985) 

procedures for the model 

^ijkl=^+Di+cj+Dcij+Govk+Eijkl 
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This model accounts for the effects of protein 

degradability (D^); evaporative cooling(Cj); protein 

degradability by evaporative cooling interaction (DC;. ;) / '  
A J 

covariate (Cov^); and random error (Eijkl) • 

Trial 2. Thirty-six Holstein cows were used in a 50 

day production trial during July and August of 1988. 

Management was similar to that of trial 1 except for the low 

degradability diet, in which part of the corn gluten meal 

was replaced with blood meal (table 1). Milking and feeding 

methods and other management practices were similar to trial 

1. 

Temperature and relative humidity sensors (Campbell 

Scientific, Logan, UT) were suspended under two shade 

structures, one with an evaporative cooler, and one without, 

at 0.8m elevation. Data were monitored continuously and 

recorded using a multichannel digital datalogger (Campbell 

Scientific, Logan, UT) at 10 minute intervals. 

Eating patterns were measured on 16 randomly selected 

cows by the same method as in trial 1. Inner ear 

temperatures were measured in eight cows by radiotelemetry 

during two sub-periods of 13 and 7 d. These eight cows were 

randomly selected from the group of 16 whose eating patterns 

were measured. The first sub-period started on July 6 and 

continued through July 18, the second sub-period was from 
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Aug 15 to Aug 21. The same cows were used during both sub-

periods. Temperature probes were inserted into the ear near 

the tympanic membrane. The ear was then filled with 

silicone foam to keep the probe in place and insulate the 

sensor from ambient temperatures. The radiotransmitter was 

attached to the outer ear in place of an ear identification 

tag. Inner ear temperatures were recorded electronically at 

5 minute intervals. 

Statistical analyses were similar to trial 1. 

Results and Discussion 

The results of the temperature and humidity sensors 

placed under the shade structure and evaporative cooler are 

presented in table 4. The evaporative cooling system 

reduced (p<0.0001) average maximum and average daily 

temperatures along with average maximum and average daily 

temperature humidity indexes (THI). The uncooled cows were 

subjected to mean ambient temperatures that were 5.6°C 

hotter than the cooled cows during the hottest part of the 

day, while the average THI was 2.7 higher. However, cooling 

did not relieve all heat stress as indicated by the average 

temperature under the evaporative cooler of 26.9°C and THI 

of 75.7. The upper critical temperature humidity index for 
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lactating dairy cows has been reported as 71 (Armstrong and 

Wiersma, 1986a; Bianca, 1970; Hahn, 197 6; and Sainsburg, 

1967). 

Cooling affected respiration rates (p<.01) in trial 1 

Table 4. EFFECT OF EVAPORATIVE COOLING ON ENVIRONMENTAL 
TEMPERATURES IN TRIAL 21. 

Cooled Shade p< 

Maximum Temperature 31.3 
Average Temperature 26.9 

Maximum THI 80.0 
Average THI 75.7 

C 
36.9 
29.3 

82.7 
77.0 

0.0001 
0.0001 

0.0001 
0.0001 

THI, Temperature Humidity Index. 

(table 5) as cooled cows exhibited rates of 12 

respirations/min lower than uncooled cows. A protein 

degradability by cooling interaction (p<.05) for rectal 

temperatures was observed. When cooling was present, cows 

fed the LD diet had lower temperatures than those fed HD. 
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However, in. the shade, the LD diet resulted in higher rectal 

temperatures than the HD. 

In trial 2, a protein degradability by cooling 

interaction was observed (p<.01) for respiration rates. 

When cooling was present, cows fed the LD diet had lower 

respiration rates, but in the shade, LD cows were higher. 

An overall cooling effect also was detected (pc.Ol), with 

cooled cows having respiration rates 17.5 respirations/min 

slower than non-cooled cows. Rectal temperatures also 

exhibited a cooling effect (pc.Ol) with cooled cows 0.45°C 

lower in rectal temperatures. 

Cooling reduced average daily (p<.09), afternoon 

(p<.08), high (.03), and low (.02) inner ear temperatures in 

sub-period 1, while there were no significant differences 

between treatments in sub-period 2 (table 6). In the first 

sub-period average inner ear temperatures of cooled cows 

were 0.4°C lower than non-cooled and they were 0.6°C lower 

during the hottest part of the day. This supports the 

rectal temperature data indicating that the cooled cows were 

under less heat stress than non-cooled cows. Because of 

limited resources, only 8 transmitters were available, 

allowing only 2 cows per treatment. This would explain why 

differences in sub-period 2 were not significant. 

In trial 1 a protein degradability by evaporative 

cooling interaction (p<.05) was observed in total time spent 
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eating (table 5). When cooled, cows fed the LD diet spent 

more time eating than those consuming fed HD. Without 

Table 5. EFFECT OF PROTEIN DEGRADABILITY AND EVAPORATIVE 
COOLING ON RESPIRATION RATES, RECTAL TEMPERATURES, AND EATING 
PATTERNS OF COWS1'2. 

COOLED SHADE EFFECTS 
Trial 

HD LD HD LD DC D*C 

p < 
Trial 1 
Resp/min 77 74 86 89 .85 .01 .37 
Rectal Temp^C 39.0 38.8 38.9 39.3 .74 .17 .05 
Time Eating,min 166 222 247 149 .90 .45 .02 
Meals/d 9.0 11.1 9.6 9.4 . 61 .59 .37 

Trial 2 
Resp/min 75 66 81 95 .42 .01 .01 
Rectal Temp,°C 39.4 39.1 39.7 39.7 .24 .01 .40 
Time Eating,min 216 186 192 194 .39 .69 .27 
Meals/d 10.6 9.4 8.7 9.5 .75 .15 .12 

1 Covariate Adjusted Means. 
2 HD, High Degradability; LD, Low Degradability; D, 
Degradability Effect; C, Cooling Effect. 
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cooling, the cows on the LD diet spent less time eating than 

the HD. There were no significant differences between 

treatments in number of meals eaten. 

Figures 2 and 3 present the diurnal changes in eating 

patterns observed in trial 1. Cows ate longer following 

feeding, and milking. Feeding time varied (1100 to 1400 h) 

due to management and labor constraints. This produced a 

rounded curve at eating time, where the only eating activity 

in the early afternoon was immediately following feeding. 

Generally, a few cows would eat before the AM milking, and 

all would eat after milking. Most eating activity was 

observed in the late afternoon hours, which was interrupted 

by the PM milking, but continued when the cows returned from 

milking. Protein degradability had no effect on diurnal 

eating patterns. However, cooled cows ate longer during the 

morning and after feeding, while the shade cows ate longer 

during the late afternoon and evening hours. This effect 

could give cooled cows more of a continuous digestion of 

feed since they eat over a longer period of time. 

Figure 4 demonstrates the high negative correlation (-

0.82) observed between the amount of time cows spent eating 

and rectal temperatures (trial 1). Thus, the lower the 

rectal temperatures, the more time the cows spent eating. 

In trial 2, there were no significant differences 

between treatments in time spent eating or number of meals 
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Table 6. EFFECT OF PROTEIN DEGRADABILITY AND EVAPORATIVE 
COOLING ON INNER EAR TEMPERATURES IN TRIAL 21'2. 

COOLED SHADE EFFECTS 
Trial 

HD LD HD LD DC D*C 

° c  _ _ _  p  <  

Sub-period 1 
Avg Daily Temp 38. 7 38. 6 39. 2 38 .8 .13 .09 .49 
Avg PM Temp 39. 0 39. 1 39. 9 39 .3 .36 .08 .22 
Avg High Temp 39. 6 39. 5 40. 0 39 .7 .15 .03 .15 
Avg Low Temp 38. 2 38. 4 38. 6 38 .7 .08 .02 .24 

Sub-period 2 
Avg Daily Temp 38. 6 38 .5 39. 8 39. 2 .34 .42 .44 
Avg PM Temp 39. 0 38 .8 39. 5 38. 8 .31 .46 . 43 
Avg High Temp 39. 2 40 .1 40. 6 40. 6 .75 .33 . 62 
Avg Low Temp 38. 0 37 .8 38. 5 38. 6 . 99 .12 .57 

J Covariate Adjusted Means. 
2 HD, High Degradability; LD, Low Degradability; D, 
Degradability Effect; C, Cooling Effect; PM, (1000 to 
2000 hrs) 

consumed (table 5). Figures 5 and 6 present the diurnal 

eating patterns from trial 2. Protein degradability and 

evaporative cooling had little effect on the diurnal eating 

patterns of cows during trial 2. However, cows spent more 

time eating before the AM milking, and after feeding than in 

trial 1. Both the AM and PM milkings interrupted meals. 

Cows in trial 2 spent more time eating after sundown than in 
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trial 1. This could be due to the hotter environmental 

temperatures in trial 2, and the declining temperatures in 

the late evenings. 

The evaporative cooling system succeeded in reducing 

the microenvironmental temperature and temperature humidity 

index that cooled cows were exposed to. This effect reduced 

body temperatures and respiration rates which have been used 

to asses heat stress. 

Neither evaporative cooling nor protein degradability 

affected greatly the eating patterns of cows, though a 

strong negative relationship between time spent eating and 

rectal temperatures was observed in trial 1. Moreover, 

diurnal eating patterns of cooled and non-cooled cows 

appeared different in trial 1, but not in trial 2. 



54 

Minutes 
20 

16 

10 

4 6 6 7 8 0 10 11 12 13 14 15 16 17 18 19 20 21 222324 

Hour 

Figure 2. Effect of Protein Degradability on Diurnal Eating 
Patterns in Trial 1. (Average minutes each cow ate per hour) 
AM Milking, 7:00; Feeding, 11:00-14:00; PM Milking, 19:00. 
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Figure 3. Effect of Evaporative Cooling on Diurnal Eating 
Patterns in Trial 1. (Average minutes each cow ate per hour) 
AM milking, 7:00; Feeding, 11:00-14:00; PM milking, 19:00. 
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Figure 4. Effect of Protein Degradability and Evaporative 
Cooling on Time Eating and Rectal Temperature in Trial 1. 
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Figure 5. Effect of Protein Degradability on Diurnal Eating 
Patterns in Trial 2. (Average minutes each cow ate per hour) 
AM Milking, 7:00; Feeding, 11:00-14:00; PM Milking, 19:00. 
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Pigure 6. Effect of Evaporative Cooling on Diurnal Eating 
Patterns in Trial 2. (Average minutes each cow ate per hour) 
AH milking, 7:00; Feeding, 11:00-14:00; PM milking, 19:00. 
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CHAPTER 5 

SUMMARY AND CONCLUSIONS 

The results obtained from this trial suggest that milk 

production can be improved by feeding a diet of low protein 

degradability to cooled cows under severe heat stress, 

provided the bypass protein is of good quality. This 

observation strengthens the hypothesis that because of 

excess degradable protein in the diet of lactating cows, 

additional energy is required to convert excess ammonia to 

urea. Additional energy expenditures besides those required 

for higher maintenance needs during heat stress takes energy 

from productive purposes. 

Milk production was highest for the cooled cows fed 

the diet of low rumen degradability during the hotter 

environmental temperatures of trial 2, while the cooled cows 

on highly degradable protein produced more milk during the 

more moderate environmental temperatures of trial 1. These 

differences are not only explained by the different 

environmental temperatures between the trials, but as 

mentioned, the diet of low rumen degradability in trial 2 

contained blood meal in addition to corn gluten meal as 

bypass protein sources, improving the quality of the protein 

reaching the small intestine. 
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The low degradable diet depressed milk fat percent in 

trial 2, resulting in only small differences between 

treatments in fat corrected milk. 

Evaporative cooling reduced environmental 

temperatures, and temperature humidity-indexes which cooled 

cows were exposed to thereby reducing respiration rates, as 

well as rectal and inner ear temperatures. 

Neither evaporative cooling nor protein degradability 

consistently affected the eating patterns of cows, even 

though a strong negative relationship between time spent 

eating and rectal temperatures was observed in trial 1. 

Moreover, diurnal eating patterns of cooled and non-cooled 

cows appeared different in trial 1, but not in trial 2. 

Future studies are needed to clarify the mechanism of 

action by which highly degradable protein decreases milk 

production during hot weather. Such studies will be useful 

to dairymen in preventing deleterious effects of feeding 

high protein rations during heat stress. 
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