
Influence of protein level and degradability
on performance of lactating cows during

hot and cool environmental temperatures.

Item Type text; Dissertation-Reproduction (electronic)

Authors Higginbotham, Gerald Ernest.

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 19/05/2023 16:02:00

Link to Item http://hdl.handle.net/10150/184265

http://hdl.handle.net/10150/184265


INFOIRMATlION TO USERS 

The most advanced technology has been used to photo
graph and reproduce this manuscript from the microfilm 
master. UMI films the original text directly from the copy 
submitted. Thus, some dissertation copies are in typewriter 
face, while others may be from a computer printer. 

In the unlikely event that the author did not send UMI a 
complete manuscript and there are missing pages, these will 
be noted. Also, if unauthorized copyrighted material had to 
be removed, a note will indicate the deletion. 

Oversize materials (e.g., maps, drawings, charts) are re
produced by sectioning the original, beginning at the upper 
left-hand corner and continuing from left to right in equal 
sections with small overlaps. Each oversize page is available 
as one exposure on a standard 35 rnm slide or as a 17" x 23" 
black and white photographic print for an additional charge. 

Photographs included in the original manuscript have been 
reproduced xerographically in this copy. 35 mm slides or 
6" x 9" black and white photographic prints are available for 
any photographs or illustrations appearing in this copy for 
an additional charge. Contact UMI directly to order. 

Accessing the World's Information since 1938 

300 North Zeeb Road, Ann Arbor, M148106-1346 USA 

I 





Order Nu.mber 8804115 

Influence of protein level and degradability on performance of 
lactating cows during hot and cool environmental temperatures 

Higginbotham, Gerald. Ernest, Ph.D. 

The University of Arizona, 1987 

D·M-! 
300 N. Zeeb Rd. 
Ann Arbor, MI48106 





INFLUENCE OF PROTEIN LEVEL AND 

DEGRADABILITY ON PERFORMANCE OF LACTATING 

COWS DURING HOT AND COOL 

ENVIRONMENTAL TEMPERATURES 

by 

Gerald Ernest Higginbotham 

A Dissertation Submitted to the Faculty of the 

COMMITTEE ON NUTRITIONAL SCIENCES (GRADUATE) 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

198 7 



THE UNIVERSITY OF ARIZONA 
GRADUA'fE COLLEGE 

As members of the Final Examination Committee, we certify that we have read 

the dissertation prepared by _____ G~e~r~a~l~d~_E~rn~e_s~t_=H=i=g=g~in~b~.o~t~l~la~rn~ ____________ _ 

entitled INFLUENCE OF PROTEIN LEVEL AND DEGRADABILITY ON PERFORMANCE 

OF LACTATING COWS DURING HOT AND COOL ENVIRONMENTAL 

TEMPERATURES 

and recommend that it be accepted as fulfilling the dissertation requirement 

for the Degree of Doctor of Philosophy --------------------------------------------------------

Date / 7 

I iJb~ I X '2 

Date 

') .... ' // ,;-; 
(C//-./J 

Date 

Date 

Final approval and acceptance of this dissertation is contingent upon the 
candidate's submission of the final copy of the dissertation to the Graduate 
College. 

I hereby certify that I have read this dissertation prepared under my 
direction and recommend that it be accepted as fulfilling the dissertation 
requirement. /7 

L·~;£; 
DiSS~ion Director 

/ lJ ./{ -a .//'> 0' ~ 
/ // <S ../ 

Date 7 / 



2 

STATEMENT BY AUTHOR 

This dissertation has been submitted in partial fulfillment of 
requirements for an advanced degree at The University of Arizon~ and is 
deposited in the University Library to be made available to borrowers 
under rules of the Library. 

Brief quotations from this dissertation are allowable without 
special permission, provided that accurate acknowledgement of source is 
made. Requests for permission for extended quotation from or reproduction 
of this manuscript in whole or in part may be granted by the head of the 
major department or the Dean of the Graduate College when in his or her 
judgment the proposed use of the materi ali sin the interests of 
scholarship. In all other instances, however, permission must be obtained 
from the author. 



3 

ACKNm/LEDGMENTS 

I would like to express sincere appreciation to Dr. J.T. Huber, 

my major professor, for his invaluable assistance and direction in the 

completion of this dissertation. Also, special thanks are due the members 

of my committee, Dr. \LH. Brown, Dr. B.L. Reid, Dr. J.D. Schuh, Dr. 

F.M. Whiting and Mr. D.V. Armstrong. 

The assistance of the Brigham Young University and University 

of Arizona Dairy Farm Staffs in animal care and management along with 

technical assistance of Csilla Dudas and Rogelio Gomez is most 

appreciated. 

Finally, I must thank my loving and devoted wife, Sherry and my 

four children, Joel, Cory, Jennifer and Ashley. Without their love and 

sacrifices, the requirements for this dissertation could not have been 

completed. 



1. 

LIST OF ILLUSTRATIONS 

LIST OF TABLES 

ABSTRACT .. 

I NTRODUCTI ON 

TABLE OF CONTENTS 

2. LITERATURE REVIEW. 

Critical Temperatures for Milk Production .. 

Lower Critical Temperature (LCT). 

Upper critical Temperature (UCT). 

Effects of Heat Stress on Feed 
Intake and Metabolism ..... 

Feed and Nutrient Intake 

Respiration Rate and Rectal Temperature. 

Respiration Rate 

Rectal Temperature 

Protein Metabolism During Heat Stress 

Environmental Temperature and Hormones 

Glucocorticoids 

Thyroid Hormones 

Water Needs During Heat Stress . 

Summary of the Literature Review 

Page 

6 

7 

9 

11 

13 

13 

13 

15 

16 

16 

19 

19 

22 

23 

26 

26 

30 

35 

39 

4 



TABLE OF CONTENTS--Continued 

Chapter 

3. INFLUENCE OF PROTEIN LEVEL AND DEGRADABILITY 
ON PERFORMANCE OF COWS DURING HOT AND 
MODERATE TEMPERATURES . . . . 

Materials and Methods. . . . . . 
Trial 1 : (Hot \'1eather, Tucson, Az. ) 

Trial 2: (Hot weather, Tucson, Az. ) 

. 
. 

Trial 3: (Moderate weather, Provo, Ut.) 

Trial 4: (Hot weather, Tucson, Az.) 

Statistical Analysis . 

Results and Discussion . 

4. INFLUENCE OF PROTEIN LEVEL AND DEGRADABILITY 
ON HORMONES AND PHYSIOLOGICAL PARAMETERS OF 
COWS DURING HOT AND MODERATE ENVIRONMENTAL 
TEMPERATURES . . . . . . . 

Materials and Methods ....... . 

Trial 1: (Hot weather, Tucson, Az.) 

Trial 2: (Hot weather, Tucson, Az.) . 

Trial 3: (Moderate weather, Provo, Ut.) 

Trial 4: (Hot weather, Tucson, Az.) . 

Statistical Analysis .. 

Results and Discussion . 

5. SUMMARY AND CONCLUSIONS 

LITERATURE CITED. . . . . . 

. . . 

. . . 
. 
. 

5 

Page 

41 

43 

43 

46 

46 

48 

48 

49 

61 

63 

63 

64 

64 

64 

64 

65 

73 

75 



Figure 

1 

2 

LIST OF ILLUSTRATIONS 

Approximate critical temperatures 
for lactating cows (by H. D. Johnson) 
in Hafez, 1968) .......... . 

Weekly milk production of cows fed 
rations varying in protein level and 
degradability during hot and moderate 
weather . . . . . . . . . . . . . . . 

6 

Page 

14 

55 



Table 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

LIST OF TABLES 

Ingredient composition of diets for cows 
fed rations varying in protein level and 
degradability during hot weather .... 

Composition of treatment rations for cows 
fed rations varying in protein level and 
degradability during moderate weather 

Chemical composition of diets fed during 
hot and moderate environmental temperatures 
(DM basis) .............. . 

Weekly maximum and minimum temperatures 
and relative humidity (RH) during hot 
and moderate temperature trials .... 

Milk production, 3.5% fat-corrected milk 
(FCM), percent fat and dry matter intake 
(DM!) of cows fed rations varying protein 
level and degradability during hot weather 

Milk production, 3.5% fat-corrected milk 
(FCM), milk persistency and milk 
composition of cows fed rations varying 
in protein level and degradability during 
hot and moderate temperatures 

Dry matter intake (OM!) and feed 
efficiency of cows fed rations varying 
in level and degradability of protein 
duri ng hot weather . . . . . . . . 

Rumen pH, rumen NH4 and blood urea 
nitrogen (BUN) of cows fed rations 
varying in protein level and degradability 
during hot and moderate temperatures ... 

Milk production, 3.5% fat-corrected milk, 
percent fat, dry matter intake (OM!), and 
milk persistency of cows fed rations 
varying in protein level and degradability 
during hot and moderate weather . . . . . 

Influence of protein level and degradability 
on respiration rates, rectal temperatures, 
and water intake of cows during hot and 
moderate weather . . . . . . . . . . . . . . 

7 

Page 

44 

47 

50 

51 

52 

53 

54 

59 

66 

67 



Table 

II 

12 

LIST OF TABLES--Continued 

Influence of protein level and 
degradability on serum 3, 5, 3'
triiodothyronine (T3), thyroxine (T4)' 
cortisol and glucose of cows during 
hot and moderate weather . . . . . . . . . . . . . . 

Volatile fatty acids (VFA) of cows 
fed rations varying in protein level 
and degradability during hot and 
moderate temperatures .. . . . . . 

8 

Page 

69 

71 



9 

ABSTRACT 

One hundred and twenty lactating Holstein cows in mid-lactation 

were offered diets varying in protein level and degradability at two 

locations during hot and moderate weather. Treatments were: 1) High 

protein (19%), high degradability (65%); 2) High protein (19%), medium 

degradability (40%); 3) Medium protein (15.5%), high degradability (65%); 

4) Medium protein (15.5%), medium degradability (40%). Diets were 

individually fed during hot weather at the University of Arizona Dairy 

Farm and contained 38.4% alfalfa hay, 12.4% cottonseed hulls, 9.8% whole 

cottonseed, and 39.4% concentrate (dry matter). Diets were group fed 

during moderate weather at the Brigham Young University Dairy Farm, 

Provo, Ut, and contained 31.3% corn silage, 14% alfalfa haylage, 9.4% 

whole cottonseed and 45.3% concentrate (dry matter). Average daily 

ambient temperatures were 35.10C for hot and 26.80C for moderate weather 

locations. 

Fat-corrected milk (3.5%, 2x mil kings) and milk persistency 

were lower for treatment 1 than other treatments. For the respective 

treatments during hot weather means were: 23.4, 26.6, 28.5, 28.4 kg/d; 

83.2, 91.2, 90.9, 90.3%; and for moderate weather means were: (3x 

milkings): 34.7, 31.8, 32.2, 32.4 kg/d; 97.0, 93.4, 92.1, 90.3%. Dry 

matter intakes during hot weather were: 21.5, 21.9, 23.3, and 23.1 kg/d. 

Respiration rate and rectal temperature during hot weather were: 90.1, 

87.9, 90.9, 94.7 counts/min; 39.0, 39.3, 39.3, 39.50C and for moderate 

weather: 61.2, 58.2, 55.5, 67.4 counts/min; 38.8, 38.6, 38.7, 38.80C. 

Serum T3,T4 and cortisol were generally unaffected by treatment, but were 

depressed during hot weather. Serum glucose was not significantly 
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affected by treatments at either environmental locations. Animals 

consumed more water with highly degradable protein diets at each location 

along with consuming more water during thermal stress. 

These data show that 3.5% fat-corrected milk and milk persistency 

are significantly affected (P<.01; P<.025) by rations high in protein of 

high degradability during heat stress. 
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INTRODUCTION 
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Environment, particularly ambient temperature, is a determinant 

factor in the milk producing ability of lactating dairy cows. Thermal 

stress results in increased energy maintenance requirements and a 

reduct ion ingrowth rates, mil k yi el ds and reproductive performance 

which can cause an appreci~ble economic loss to livestock producers. 

Reduction in voluntary (feed or energy) intake abov~ critical 

temperatures of animals is widely accepted as a major negative infiuence 

on productivity. In lactating dairy cattle, dry matter intake begins 

to decline at mean daily environmental temperatures of 25 to 270C (Beede 

and Coll ier, 1986). The environmental temperature at which feed 

consumption begins to decline is influenced by diet composition. With 

lactating dairy cows, NRC (1981) for dairy cattle suggests that the 

greater the proportion of roughage in the diet, the greater and the more 

rapid the reduction in dry matter consumption as environmental 

temperatures rise. 

Reduced feed intake generally results in lower consumption of most 

essential nutrients. This may be deleterious to performance of ruminants 

consuming higher forage diets, unless an alternate approach (e.g., 

supplementation) can be employed to provide these nutrient deficits. 

Metabolism studies indicated that acutely heat-stressed cattle were ~n 

negative nitrogen balance (Kamal and Johnson, 1970), largely due to 

reduced consumption. In this situation, increasing protein percentage 

of the diet of heat - stressed animals might be advantageous. However, 
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an energy drain caused by reduced energy consumpt i on coupled wi th an 

increased maintenance needs during heat stress might result in much of 

the supplemental protein being deaminated to help meet enel~y requirements 

of the animal. 

Utn ization of protein for energy produces ammonia as a by

product. Although ammonia is necessary to fulfill needs of cellulolytic 

microbes, excessive ammonia is converted to urea and excreted as such. 

Conversion of ammonia to urea and excretion of urea involves an energy 

expenditure. These energy reacti ons add to the heat increment and 

thus result in added heat load on the lactating cow. 

Excessively high ambient temperatures such as those during swm~r 

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. Adding protein beyond the animals 

physiological needs may cause additional energy loss due to processing 

of excess nitrogen. 

This research was conducted to compare the response of lactating 

dairy cows fed diets containing different levels of crude protein varying 

in degradability while cows were exposed to hot and mild conditions. 

Product i on parameters measured i ncl uded mi'l k yi el d, mi 1 k component 

percent and yield, and feed intake. Physiological responses such as 

rectal temperatures, respiration rates, water intake and stress related 

hormones were also monitored. 
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LITERATURE REVIEW 
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Lower Critical Temperature (LCT) 
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Lower critical temperature is defined as the ambient temperature 

below which the rate of metabolic heat production of a resting 

thermoregulating animal increases by shivering and or nonshivering 

thermogenic processes to maintain thermal balance (Bligh and Johnson, 

1973) . Data are 1 ack i ng to estab 1 ish the LCT for at wh i ch mil k 

production declines. The LCT may be expected to be somewhat below 

that which triggers the numerous homeothermic functions, such as increased 

metabolic heat production, feed intake and vasoconstriction, etc. In 

addition, contributing factors to LCT may the level of feeding, wind 

velocity, radiation, moisture and precipitation, type of bedding prior 

to exposure to cold, rapidity of onset of cold, and breed (Johnson, 1986). 

Figure 1 shows the critical temperatures for milk yield and feed 

intake of Holstein cows. When rectal temperatures or heat balance are 

significantly altered, milk yields and other functions are also affected. 

Available data indicate that, with no appreciable moisture or wind 

factors, milk production of predominately Holstein cows declines 

moderately at temperatures around -SoC (Johnson, 1986). Even though 

milk production decreases at low temperatures, the ambient temperature 

in dairy housing areas should not be increased by reducing recommended 

vent il at i on rates. Poor vent il at i on can cause respi ratory and other 

health related problems. 
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Fig. 1. Approximate critical temperatures for lactating cows (By H.D. 
Johnson in Hafez, 1968). 
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Most of the studies dealing with the physiological effects of 

cold on milk production have been conducted with sheep and goats (Thompson 

and Thomson, 1972; Thompson et al., 1981). Thompson and co-workers 

(1972) observed that heat production increased 18-46%, mammary blood flow 

declined 63-70% and milk yield decreased 40% at 10C compared to 

thermoneutral conditions (180C). Mammary blood flow and milk synthesis 

may decrease in mammals exposed to extreme cold (Thompson et al., 1972) 

probably as a defense measure to conserve body heat. 

Upper Critical Temperature (UCT) 

The thermoneutral zone (TNZ) for milk production of high producing 

Holstein cows is between -SoC and 200 C (Johnson, 1986). In contrast, 

McDowell (1981) states the TNZ for 600 kg cattle to be 10-200C. The 

UCT for milk production for Holsteins is 21 0C and slightly higher (240C) 

for Jersey and Brown Swiss (Johnson, 1986). Severity of the decline 

in mil k product i on above the TNZ is dependent on the humi d i ty, wh i ch 

inhibits evaporative heat loss by the animal. This results in a further 

increase in body temperature and inhibits feed intake which is perhaps 

the main reason for lower milk yields (Johnson, 1980). 

The importance of humidity is the reason for the frequent use of 

the temperature-humidity index (THI = tdb (dry bulb temperature) + 0.36tdp 

(Dew point temperature) + 41.20C, (Johnson et al., 1961; Berry et al., 

1964), which was established for Holstein cattle. Bianca (1965) proposed 

the THI equation (db (dry bulb) x O.35twb (wet bulb temperature) x 0.65). 

Yousef (1985) cites heat tolerance studies by the Missouri 

Climatic Laboratory group which involved a total of 51 cows measured at 
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each stage of 1 actat ion. These evaluat'ions \~ere summarized as the 

percentage decline in milk yield due to a 3-day heat (320C) exposure. 

The declines for early, mid, and late lactation were 24, 35, and 28%, 

respectively. The percent declines per unit increase in temperature 
I 

(OC) were 0.39, 0.5, and 0.25, respectively. The declines per unit of 

THI increase for early, mid, and late were 0.27, 0.35, and 0.22 

kg/milk/day, respectively. These estimates are similar to the 0.26 

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

A comparison of the values of heat-tolerant and heat-sensitive 

cm~s from th is experi ment, selected on the bas is of mil k product ion, 

showed that heat-tolerant cows declined 0.19 kg/day/THI increase whereas 

heat-sensitive cows declined 0.45 kg/day/THI increase (Yousef, 1985). 

These data document the decline in milk yields when environmental 

temperature or THI increases above the UCT-humidity level for Holstein 

cattle and depicts the benefits of adapting cows to increased heat 

tolerance. 

Effects of Heat Stress on 
Feed Intake and Metabolism 

Feed and Nutrient Intake 

Reduction in ad libitum intake near or above the UCT of the 

animal is thought to be the primary reason for a reduction in 

productivity. The critical high temperature at which feed consumption 

begins to decline is 240 to 260C for Holsteins, 260 to 290C for Jersey, 

above 29.50 for Brown Swiss and 320 to 350C for Brahmans (Worstell and 

Brody, 1953). Ragsdale et al. (1948) showed that at 400C, feed intake 

of Holstein and Jersey cows virtually stopped. 
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With lactating dairy cows, NRC (1981) suggests that the greater 

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

the reduction in dry matter consumption as the environmental temperature 

rises. 

The reduction of forage intake might relate to greater acetate 

production on high roughage diets. McDowell (1972) reported a 5% 

reduction of concentrate and a 22% decline in hay consumption by lactating 

Holstein cows as environmental temperatures increased from 18 to 300C. 

Martz et al. (1971) indicated that acetate had a higher heat increment 

which may contribute to reduced intake. Tyrrell et al. (1979) 

demonstrated that a greater increment of infused acetate went into heat 

product i on when the acetate was infused in cows consumi ng a 100% hay 

diet compared to cows fed 30% hay. 

Brody et al. (1955) speculated that rumen temperature might limit 

feed intake in heat stress, since temperatures of the rumen could exceed 

those in the rectum by as much as 2.20C. By heating the rumen with a 

heating coil, Gengler et al. (1970) depressed feed intake 15%. 

Large, experimentally induced changes in hypothalamic temperature 

can affect feed intake. Andersson (1962) showed that heating via 

thermodes implanted in the preoptic area caused decreased feeding in 

hungry goats. If the thermodes were cooled, the goats ate even though 

body temperature increased greatly. In studies conducted by Spector 

et al. (1968) on rats impl anted with thermodes, feeding response to 

large temperature changes in the medial hypothalamus was just the opposite 

of goats. Rats ate when the hypothalamus was heated and did not eat, 

even though previously fasted, when the hypothalamus was cooled. 
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Physiological modifications in the ruminant animal exist for 

maintaining normal body temperature. By reducing dry matter intake, 

ruminant animals can better maintain heat balance by reducing heat of 

rumen fermentation. 

Moreover, increased respiration rates and water intake during heat 

stress correspond to decreased feed intakes (Roman Ponce et al., 1977; 

Mallonee et al., 1985). Associated effects are reduced gut motil ity 

and rumination which, along with increased water intake, result in gut 

fill at lower feed intakes (Beede and Collier, 1986). 

Frequency of ruminal contractions also decrease at high ambient 

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

is a concomitant increase in the retention time of digesta causing 

increased digestibility (Warren et al., 1974). Opposite responses have 

been reported for cold-exposed sheep and cattle, i.e., increased 

reticulorumen motility and rumination activity, and increased apparent 

digestibil ity of feeds (Westra and Christopherson, 1976; Kennedy et 

al., 1977; Gonyou et al., 1979). 

For ruminants consumin~ higher forage diets it might be 

advantageous to digest more completely the roughage portion of the diet. 

Ho\AJever, this advantage is offset largely by lower feed intake, resulting 

in less net total nutrients available to a thermal stressed animal (Beede 

and Collier, 1986). 

Net energy intake estimated from feed consumption shows a decrease 

under heat stress (Yousef et al., 1968). Efficiency of net energy 

utilization also declines. Cows in a cool environment convert 

approximately 55% of their feed net energy into milk energy, while cows 
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in a hot environment convert only 43% (Yousef et al., 1968). Yousef et 

ale (1968) states that the loss in efficiency could be due in part to 

an increased maintenance requirement resulting from increased respiration 

rates and other measures to dissipate heat. 

Respiration Rate and Rectal Temperature 

Respiration Rate 

When cattle are exposed to hot environments their respiratory 

frequency increases and tidal volume decreases with the net effect of 

increasing their respiratory minute volume (Thompson, 1973). Johnston 

and Ragsdale (1959) noted that one of the first physiological responses 

observed in cattle under heat stress is an increase in respiration rate. 

This increase in ventilation results in increased respiratory evaporation, 

especially from the upper respiratory passages. Panting tends to alter 

alveolar ventilation which subsequently alters blood pH, 02' and C02 

(Collier, 1982). In severe heat, where body temperature rises 

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

characteri zed by low respi ratory frequenci es and hi gh t i da 1 volumes 

(Thompson, 1973). 

When excessive panting occurs, C02 is eliminated faster than it 

is produced, pC02 is lowered, and blood pH rises (Collier et ale 1982). 

Dale and Brody (1954) found that the ability of blood to take up C02 in 

dairy cattle decreased with thermal stress. The decrease was greater 

in 1 arge 1 actating cows than in small, non-l actating animal s. The 

decline in C02 combining capacity was associated with the rise in blood 

pH. The reduced C02 combining capacity and higher pH were termed 
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respiratory alkalosis. Dale and Brody (1954) suggested that respiratory 

alkalosis may occur in cattle exposed to environmental temperatures 

exceeding 29°C. 

Loss of carbon through increased ventilation reduces the substrate 

pool available for salivary buffering of the )"umen. In addition, 

increased urinary excretion during heat stress causes increased loss of 

carbon due to the alkaline content of the urine (Collier et al., 1982). 

Daily salivary secretions (up to 180 liters/day) contain about 2.3 kg 

bicarbonate, which is a major buffering compound for the acid produced 

by rumen microflora (Swenson, 1977). Niles et al. (1980) reported a 

lower rumen pH in heat-stressed cows. Collier et al. (1982) states 

that the loss of carbon is particularly important in that cows are often 

fed high concentrate diets during heat stress, the fermentation of which 

causes a greater reduction in rumen pH than feeding of more forage. 

Panting is not as effective as sweating in increasing evaporative 

moisture loss in the heat. Hence, there is the possibility that in 

some situations, the effort of panting increases the animals heat 

product i on (Thompson, 1973). Accordi ng to Thompson (1973), panting 

also results in an increased convection of air into the animals lungs 

which may result in significant heat uptake. 

The efficiency of panting depends greatly on the humidity of the 

atmospheric air. Expired air is n~arly saturated with moisture vapor 

at body temperature, so i ncreas i ng, the humi di ty of the i nspi red air 

will directly reduce evaporative heat loss for a given respiratory volume 

(Thompson, 1973). 
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The Y'esting respiratory rate of adult cattle _ is about 30 

breaths/min (Crosfi1l and Hiddicombe, 1961). Riek and Lee (1948) 

determi ned that maximum respi ratory rates \'/ere about 200/ m-j n 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 350C air temperatures 

with high humidity had the same effect on respiration rate as on 

temperatures of 33 and 460 C, respectively, with low humidity. 

Data relating respiration rate with crude protein content of a 

diet are scarce. Hassan and Roussel (1975) evaluated effects of dietary 

protein percent (14.3 vs 20.8%) on lactational performance of Holstein 

cows during thermal stress (30.90C maximum, 19.30C minimum daily 

temperatures). Respiration rates were significantly (P<.05) higher 

for the lower protein treatment (75.3 c/min vs 72.9 c/min). Even though 

animals were in the upper critical temperature range for milk production 

(>21°C) , in the Lou is i ana study, they were not exposed to ambi ent 

temperatures (370 C to 460 C) typical of Arizona summers. 

Leighton and Rupel (1960) observed that lactating cows fed a 

ration which supplied 50% excess of the cows 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 thermal neutral

conditions. Respiration rates increased during heat stress, but were 

not affected by protein solubility. Level of crude protein in diet was 

approximately 15%. 
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Rectal Temperature 

Rectal temperatures have been used to assess thermal stress and 

thermal relief (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. Under 

conditions of thermoneutrality and of mild heat stress rectal temperatures 

were consistently 0.1 to 0.3 degrees higher than carotid blood 

temperature. Under conditions of severe heat stress the two temperatures 

became identical and rose conjointly. 

In observing 102 continuously recorded body temperatures of cows, 

Wrenn et al. (1961) noticed distinct diurnal patterns: 67% of the animals 

were biphasic in that they had two temperature elevations per day, 23% 

were monophasic, 7% polyphasic and 3% aphasic. Patchell (1954), working 

with three pairs of monozygotic twins, found rectal temperatures were 

maximal in the early evening (l700-1800 h) and minimum in the early 

morning (0400-0600 h). 

Environment can affect rectal temperatures of dairy cows. Collier 

et al. (1981) found that lactating cows during heat stress had lower 

rectal temperatures when assigned to a shade versus an unshaded treatment 

(38.90C vs 39.4°C). Shaded cows also produced 10.7% more milk than 

the unshaded. Ingraham et al. (1979) reported similar results for 

shaded vs unshaded cows in Hawaii. Unshaded cows had higher daily 
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average rectal temperatures (an avg. of 0400,0800, 1200, 1600, and 

2000-hours rectal temperatures) than the shaded. 

Various environmental modifications have reduced the thermal load 

on cattle, as \'1ell as rectal temperatures (Hiersma and Stott, 1966; 

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

There is a paucity of data relating level of crude protein in the 

diet with rectal temperatures of lactating cows. During a Texas summer, 

Leighton and Rupel (1960) noted that lactating cows fed a ration which 

supplied 50% in excess of requirement resulted in 0.040C lower rectal 

temperature than cows fed protein at requirement. 

Hassan and Roussel (1975) examined effects of dietary protein 

percent (14.3 vs 20.8%) during heat stress (30.90e max., 19.30e min. daily 

temperatures). The difference in mean rectal temperature, between the 

two treatments, 0.130C (39.1 vs 39.00 C), was not significant. Zook 

(1982) compared two protein solubilities in lactating cows subjected to 

heat stress or thermal neutral conditions. Rectal temperatures were not 

altered by diet, but they were higher (P<.OI) during heat stress. 

Protein Metabolism During Heat Stress 

Metabolism studies have shown that cattle under heat stress can 

undergo negative nitrogen balance (Kamal and Johnson, 1970), mainly due 

to reduced intake and less available dietary protein for productive 

functions. Moreover, reduced energy consumption and the increased 

maintenance energy requirement during heat stress may result in natural 

protein being metabolized to meet energy requirements of animals (Beede 

and Collier, 1986). When amino acids are provided in excess of needs 
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for mi 1 k or body protei n, they are deami nated 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 reported reduction of mil k 

output equivalent to 1.08 Mcal net energy/day when dietary crude protein 

content increased from 190 to more than 230 g/kg dry matter. At an 

energy cost for urea synthesis of 3.2 kcal/g N of converted NH3 (Martin 

and Blaxter, 1965) and with one-third of urea synthesis l-ikely to be 

excreted in urine (Bruckental.et al., 1978), the energy cost of excreting 

100 g N in urine would be 3.2/.33 x 100/1000 or 1.0 Mcal. Oldham (1984) 

states that in Danfaer's experiment the reduced milk output with excessive 

N intake could be accounted for as an effect of excess N intake on energy 

balance with no effect on efficiency of use of metabolizable energy for 

mil k production. 

Tyrrell et ale (1970) 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. 

The feeding of excess levels of protein to dairy cows during heat 

stress has not been fully stUdied. 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, during 

a summer study in Texas. 
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Hassan and Roussel (1975) evaluated effects of dietary protein 

percent (14.3 vs 20.8%) on lactational performance of Holstein cows 

during natural thermal stress (30.90C maximum, 19.30C 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. Mil k protei n percentage and yi e 1 d also were greater with 

higher dietary protein. However, in Hassan and Roussel's study, Beede 

and Collier (1986) calculated the efficiency of feed protein conversion 

to milk protein and found cows fed low protein were superior (23.8 vs 

16.0%). 

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 diet was approximately 15%, so it is plausable cows did not 

expend excessive energy in metabolizing excess nitrogen. 

Although several studies have reported reduced nitrogen balance 

during heat stress (Graham and Searle (1966); Soderquist and Knox, 

1967; Kamal and Johnson, 1970) found that pY'egnant ewes subjected to 

heat stress util ized nitrogen effeciently even with increased renal 

clearance of urea. Collier et al. (982) suggested that lactating 

dairy cows could utilize available nitrogen more efficiently during 

heat stress, possibly because nitrogen intake would be lower. 
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Environmental Temperature and Hormones 

Glucocorticoids 

Cells of the adrenal cortex are stimulated by adrenocortitropic 

hormone (ACTH) to synthesize and secrete a family of steroids termed 

glucocorticoids derived from cholesterol. These include cortisone, 

cort i so 1, cort i costerone, and ll-deoxycort i costerone. Estergreen and 

Venkataseshu (1967) identified cortisol and corticosterone as the 

principal glucocorticoids in bovine jugular vein plasma. 

The basal level of secl"etion is maintained by feedback action 

of glucocorticoids on the corticotropin releasing hormone {CRH} secreted 

by neurons of the hypothalamus. This basal level of glucocorticoid 

secretion undergoes a diurnal rhythm resulting from cyclically varying 

CRH-secretion, which appears to be influenced by the rest-activity cycle 

of the animal (Ganong, 1981). 

The major effects of glucocorticoids are an increase in protein 

catabolism with increased gluconeogenesis in the liver; increased hepatic 

gl ycogenes is and ketogenes is; and a decrease in peri phera 1 gl ucose 

utilization relative to the blood insulin level that may be due to 

inhibition of glucose phosphorylation (Ganong, 1981). 

When an animal is exposed to any of a variety of stimuli, there 

is an increased secretion of ACTH and, consequently, a rise in the 

circulating glucocorticoid level (Ganong, 1981). Webster (1983) notes 

that measurements of glucocorticoids can be very helpful in evaluating 

environmental stress. Selye (1950) stated that all stressors induce a 

common response which is mediated via glucocorticoid hormones. 
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Environmental alterations that lead to reduced milk production 

can be termed stress. Short term exposures (4 h) of cattle to high 

temperatures (>350 C) have increased gl ucocort i coi d concentrations of 

plasma (Christison and Johnson, 1972; Christ.ison et al., 1970). If 

the animals are returned to a thermoneutra1 environment plasma 

glucocorticoid concentrations decrease to normal in 20 min (Christison 

et al., 1970). If the animal s are pl aced in a thennoneutral environment 

when cortisol concentrations are reduced, blood level increases to 

normal in about 9 days (Christison and Johnson, 1972). 

Yousef and Johnson (1967) have shown that an injection of 

hydrocort i sone acetate (1. 2Sg/cow) increases the heat producti on of 

cows in the heat. They suggest that the reduced plasma glucocorticoids 

which occur during chronic exposure to a hot environment result from a 

regulatory mechanism for reducing the animals' heat production. Similar 

observations have been noted by Alverez and Johnson (1973) and Gwazdauskas 

etal. (1980). 

Bergman and Johnson (1963) demonstrated that plasma total

corticoids decreased in Holstein cows chronically exposed to moderately 

high ambient temperatures in a psychrometric chamber. Stott and Wiersma 

(1971) observed lowered cortisol levels in cattle exposed to a hot summer 

in Ari zona. Pl asma corti so 1 appears to ri se before change in rectal 

temperature is noticed (Christison and Johnson, 1972) and parallels 

temperature changes in skin rather than the deep body. 

Corticoids are significantly higher in lactating cows than non

lactating (Wagner et al., 1972). Lee et al. (1976) observed small 

correlation coefficients between plasma corticoids and milk production. 
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They suggest that high plasma corticoids are not mandatory to sustain 

the metabolism necessary for high milk production. 

Johnson and Vanjonack (1976) studied correlations of adrenal 

hormone output and milk production at thermoneutral conditions (150 C) 

and at moderate heat exposure (300e). Glucocorticoids and milk 

production were significantly correlated (.31) at 150 C (P<.004) and 

more highly correlated (-.49) at 300 C (P<.OOOl). The authors suggest 

that the shift from a positive relationship between glucocorticoid and 

milk yield at 150C to a negative relationship at 300C is because high 

producing cows were stressed more by thermal exposure due to energy 

needs associated with greater production. 

Serum corticoid concentrations of cows simultaneously lactating 

and pregnant were not significantly affected by the pregnancy condition 

(Koprowski and Tucker, 1973; Delouis et al., 1980), but they change 

substantially near parturition (Oxender et al., 1972; Smith et al., 

1973). Smith et al. (1973) showed that total corticoids in serum from 

heifers increased from an average of 5 ng/ml (day 26 to 1 prepartum) to 

16.7 ng/ml at parturition, then decrea'~ed to 5 ng/ml by 12 h postpartum. 

The physiological role of increased glucocorticoids at parturition 

is not known, but Convey (1974) considered that one was initiation of 

lactation. Exogenous glucocorticoids administered during early, mid, 

or late pregnancy initiated milk secretion in heifers without disturbing 

pregnancy (Tucker and Meites, 1965). A second reason for high serum 

glucocorticoids at parturition may relate to initiation of parturition. 

Exogenous glucocorticoids will cause parturition in sheep and cattle 
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when administered during late pregnancy (Adams, 1969; Adams and Hagner, 

1969). 

Koprowski and Tucker (1973) found corticoids to change during the 

course of lactation. Prior to milking, serum corticoids (ng/ml) at 4 

weeks of lactation averaged 3.4 peaked at 20 weeks (9.3) then decreased 

gradually to 4.3 at 44 weeks. Corticoids in samples collected 

immediately after milking averaged 10.8 at 4 weeks, increased to 16.2 

at 12 weeks then gradually decreased to 8.7 at the end of lactation. 

The milking induced release of corticoids agrees with other reports 

(Smith et al., 1972). 

Evaluation of adrenal function under cold climatic conditions has 

received little attention in cattle. At -2.70C, adrenal response to 

ACTH with heifers was not different than when acclimated to 190 C 

(Gwazdauskas and Vinson, 1979). Chroni c exposure to col d caused an 

increase of glucocorticoid concentrations and metabolic clearance rate 

(Graham et ale 1981). Cold stress, whether acute or chronic, may require 

an immediate adaptive response in glucocorticoids (Gwazdauskas~ 1985). 

Glucocorticoids caused increased feed intake in sheep when 

injected i ntramuscul arly over peri ods of several weeks (Spurlock and 

Clegg, 1962; Bassett, 1963). Bassett (1963) claimed, however, that 

intake was increased by cortisol only when sheep were temporarily 

hypophagic. Baile and Martin (1971) found no effect on feed intake of 

sheep of hydrocortisone injected intravenously during spontaneous meals. 

However, during the short injection periods, the rate of hormone 

administration was 1000 times the rate at which 17-0H-corticosteroids 

are normally secreted (Barcikowski and Domanski, 1969). It is likely 
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that corticosteroids act indirectly on feed intake via their effect on 

energy metabolism {Baile and Forbes, 1974}. 

Thyroid Hormones 

The thyroi d gl and is located along the trachea, and, inmost 

mammals, consists of bilateral lobes. It is made up of many follicles, 

called acini, which are filled with a proteinaceous colloid (Ganong, 

1981). Thyroid hormones are produced within the colloid, the two primary 

ones being thyroxine (T4) and triiodothyronine (T3)' 

T4 and T3 are synthesized in the colloid by iodination and 

condensation of tyrosine molecules bound in a peptlde linkage to 

thyrogl obul in. Small amounts of reverse tri i odothyroni ne, 

monoiodotyrosine, and other compounds are also found in the venous blood 

draining the thyroid. Normal triiodothyronine is more metabolically 

act i ve than thyroxi ne; whereas, reverse tri i odothyroni ne is i nact i ve 

(Goldfine et al., 1976). 

Thyroid stimulating hormone (TSH) of the anterior pituitary gland 

regulates thyroidal cells. The TSH is in turn regulated by thyroid 

stimulating .hormone-releasing hormone (TRH) of the hypothalamus. The 

TSH induces the thyroid to trap iodine from the blood; to synthesize 

increased amounts of thyroxi ne and tri i odothyroni ne; and encourages 

release of thyroid hormones into the blood (Bath et al., 1978). 

Thyroxine and triiodothyronine increase the 02 consumption 

(calorigenic effect) of almost all metabolically active tissues (Ganong, 

1981). Exceptions are the adult brain, testes, uterus, lymph nodes, 

spleen, and anterior pituitary (Ganong, 1981). 
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Of the two iodinated thyronines, thyroxine is predominant in all 

animals, approximately one third of the total iodine in the thyroid is 

in the form of T 4, wi th usually 1 ess than 10 percent as T 3 (Di ckson, 

1977) . 

In mammals, the thyroid gland is not essential for mammogenesis 

because thyroidectectomized animals will conceive and lactate following 

parturition (Tucker, 1985). Nevertheless, hypothyroidism retards 

ductal and lobule-alveolar development of the mammary gland. Conversely, 

low doses of thyroxine enhance the mammary growth effects of estrogen and 

progesterone, as well as mammary growth during gestation. It is for 

this reason, that the thyroid hormones probably are needed for maximal 

mammary development (Tucker, 1985). Surgical removal of the thyroid 

gland reduces milk secretion. Moreover, the suppression of endogenous 

secretion of thyroxine with a goitrogen has led to reduced yields of 

milk (Tucker, 1985). 

Unpublished data of Vanjonack and Johnson cited by Johnson and 

Vanjonack (1976) showed increased thyroxine concentration in plasma 

with advanced gestation. Increases (P<.05) were significant in the 

first trimester of pregancy compared to nonbred cows. This trend 

progressed into the second and third trimesters with means elevated 

34.4% and 35.2%, respectively, compared to nonbred cows. 

Akasha et al. (1987) states that stimulation of thyroid hormones 

associated with both pregnancy and milk production are difficult to 

partition. Plasma T4 concentrations were significantly higher in the 

dry period than during lactation in low producing cows (Hart et al., 
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1978). Magdub and Johnson (1977) observed dry cows to have higher T4 

concentrations than both high and low producing cows. 

Unlike glucocorticoids, T4 and T3 concentrations fall during 

parturition, then increase continuously during the first weeks of 

lactation (Blum et al., 1983). Level of milk production has shown to 

have a negative relationship between plasma T4 and T3 levels (Vanjonack 

and Johnson, 1975; Hart et al., 1978). 

The relatively low thyroid hormone levels in high producing cows 

compared to low producers is surprising in view of reports indicating 

enhanced secretion of T4 \,/ith increasing mil k production (Anderson, 

1971), and since injections of thyroxine have increased milk production 

(Turner et al., 1957; Yousef and Johnson, 1966a). Mixner et al., 1962, 

found thyroid secretion rate highest at the beginning of lactation and 

lowest at the ninth month. In contrast, Mixner et al. (1962), found 

in the same experiment blood thyroxine level to be lowest at the beginning 

of lactation and to reach a peak six months of lactation. This was 

probably due to mammary elimination of iodine during high lactation. 

Similar observations were noted by Akasha et al. (1987). In the latter 

experiment, serum thyroxine levels from cows in early, mid, and late 

lactation increased as lactation progressed (50, 55, and 62 ng/ml). In 

contrast, Hart et al. (1978) found no differences in T4 concentrations 

with changes in the stage of lactati~n. 

Vanjonack and Johnson (1975) suggested that because thyroid 

hormones are excreted by the mammary gland, cows with high milk production 

lose greater amounts through the udder, thus resulting in lower plasma 

concentration. Similiar evidence (Lorsherder and Reineke, 1971) suggests 
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that the reduction in T4 during lactation is due to a mammary drain of 

iodine which decreases plasma T4 concentrations. 

Blum et a1., (1983) states that the low level of thyroid hormones 

in high yielding cows could be an expression of differences in energy 

metabolism between low and high yielding cows. Low energy intake and 

negat i ve energy balances were associ ated \'1ith decreased T 4 and T 3 

concentrations in pregnant and lactating cows, growing steers and mature 

sheep (Blum et al., 1979; Blum et al., 1980 and Blum and Kunz, 1981). 

Low levels of T4 have previously been found in cows with 

acetonemia (Heitzmann and Mallinson, 1972). Findings that 

undernouri shment is associ ated wi th depression of thyroxine level s suggest 

that thyroid secretion is sensitive to glucose availability but direct 

experimental evidence supporting this assumption is lacking (Riis, 1983). 

Riis (1983) further stated that decreased thyroxine secretion is an 

important adaptation which helps body tissues survive low energy intakes. 

Low thyroxine concentrations result in slower turnover rates of absorbed 

nutrients and decreased proteolysis, lipolysis and loss of body tissue. 

Thyroid activity influenced gut motility and rate of digesta 

passage in both nonruminants and ruminants (Conrad,1985). Levin (1969) 

has shown that hypothyroidism reduces gastrointest"jnal tract motility and 

that the motility is increased by the administration of thyroid hormones. 

Administration of exogenous thyroxine or thyroprotein increased 

intakes and rates of passage of digesta in cows \,/ith severe thyroid 

damage (Miller et al., 1974). Westra and Christopherson (1976) observed 

significant correlations between plasma T4 and T3 concentrations and 
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the mean retention time of digesta in the gastrointestinal tract and 

reticular motility in cold acclimat.ed sheep. 

Kennedy et ale (1977) noted that in thyrodectomized sheep 

maintained at· 22 to 250 C, apparent dry matter digestibility and mean 

retention time in the total tract were decreased. With injection of 

T3 oxygen consumption was increased. When the thyroidectomized sheep 

receiving T3 were exposed to 2 - SoC, there was a tendency for an 

additional reduction in the mean retention time of digesta in the 

reticulo-rumen. 

Thyroid function in lactating animals has shown a general 

depression in the summer months and is normal or elevated during winter 

months (Johnson and Vanjonack, 1976). Magdub et al. (1982), in a 

comprehensive study of heat with lactating cows, measured simultaneously 

heat effects on plasma, urine, feces, and milk T4 and T3' Plasma T4 

and T3 declined in parallel with milk yields. In lactating cows changed 

from 200 C to 31 0 C and then back to 20oC. T 4 1 evel s decreased from 

51.1 ng/ml to 33.1 and then increased to 43.2 (Johnson, 1985). 

Concentrations of TSH and T3 followed a similiar pattern. 

Kesner et ale (1979) reported that neither TSH nor 1:4 changed 

at a higher ambient temperature (280C), however body temperatures were 

not reported in this study. It is possible that 280 C was not providing 

sufficient thermal stress to inhibi~ their synthesis. 

Reduction in feed intake at high environmental temperatures causes 

depression of thyroid activity (Reichlin, 1957; Johnson and Ragsdale, 

1960). Yousef and Johnson (1966b), observed that thyroid activity of 

control-fed cows decreased more than cows allowed ad-libitum intake at 
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hi gher temperatures and concl uded that envi ronmenta 1 temperature and 

not feed intake was the determining factor of thyroidal activity. 

Similar results have been shown by Lundgren and Johnson (1964). 

It has been concl~ded that high ambient temperatures directly 

decrease thyroidal activity by action initiated in the hypothalamus 

(Yousef and Johnson, 1985). 

Yousef et ale (1967) stated that since thermoregulatory reflexes 

are respons i ve to thermosensi t i ve neurons in the hypothalamus, the 

hypothalamic component of the pituitary-thyroid regulation of the heat 

production is controlled by local temperature via blood or skin 

thermoreceptors. Through this temperature-sensitive system, thyroidal 

function and heat production may be integrated. 

Water Needs During Heat Stress 

In a hot environment, the increased evaporative loss of water from 

cattle necessitates an increased water intake. The water needs of 

cattl e are met from three major sources: (1) free dri nki ng water, (2) 

water contained in feed, and (3) metabolic water produced by oxidation 

of organic nutrients (NRC, 1981). 

Free drinking water is quantitatively most significant in meeting 

needs of thermal-stressed animals. ~Jater in feed is highly variable 

depending on season, rainfall and feed management system (Beede and" 

Collier, 1986). 

Increased water consumption is a major response to heat stress 

{Johnson and Yeck, 1964; McDowell, 1972. McDowell et ale (1976) noted 

a 50% increase in water consumption during heat stressed conditions 
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Chandl er (1987) estimated from data of 

Winchester and Morris (1956), that water intake doubles from the 

temperature ranges increased from 18.3-240C to 32.2-37.70C. 

Johnson and Yeck (1964) observed that 270C is the temperature at 

which water intake in lactating cows increases. However, water intake 

will decline for most cows at 400C due to a much lower dry matter intake 

(NRC, 1981). 

McDowell (1972) noted that it is difficult to characterize water 

needs of cattle because of confounding with changes in animal behavior 

and the possibility that animals may use high water intake to maintain 

a sensation of fill during periods of lowered feed intake. In contrast, 

Campling and Balch (1961) infused 45 kg of water intraruminally in the 

fi rst 30 mi nutes of the 3 to 4-hr feedi ng peri od of cows fed hay. 

Although this rate of infusion exceeded the probable rate of absorption 

of water from the rumen, there was no effect on feed intake. 

Baile and co-workers (1969) using a system in which water was 

automatically pumped into the rumen of goats during spontaneous meals 

found that the intake of the concentrate feed was not reduced until the 

ratio of water injected to feed eaten approached 10:1. 

At 50C non-lactating European breeds (Bos Taurus) of beef cattle 

at 50 C wi 11 consume about 3 kg of water per ki 1 ogram of dry matter 

ingested. This 3:1 ratio of water to dry matter changes to 8:1 at a 

temperature of 320C. Lactating cattle consume 2 to 4 kg of water per 

kilogram of mil k produced depend i ng on ambi ent temperature (Conrad, 

1985). NRC (1978) stated that lactating cows will consume the following 

amounts (kg) of water at certain ambient temperatures for each kilogram 
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of milk produced: 4.40C, 2.08; 10°C, 2.17; 15.60C, 2.42; 21.10C, 2.67; 

26.70C, 2.92; and 32.20C, 3.83. These needs are in addition to the 

intake of water for maintenance. 

As stated by Conrad (1985), experiments show that for each 

kilogram of dry matter consumed, dairy cattle drink about 3.1 kg of 

water when the temperature is between -12 and 4.40C. Increasing the 

temperature from 4.4 to 26.70C causes a linear increase in water intake 

from 3.1 to 5.2 kg/kg of dry matter consumed. A further increase in 

temperature from 26.7 to 37.80C causes a sharp increase in water intake

from 5.2 to 15.6 kg/kg dry matter consumed. In addition, lactating 

cows will consume an additional 2 kg of \'/ater per kilogram of milk 

produced at 4.40C, which will increase to 3.8:1 at 32°C. 

These data show that a lactating cow weighing 635 kg and producing 

36 kg of mil k daily will consume about 102 kg of water daily at a 

temperature of 4.40C, but this will increase to 174 kg of water daily 

when the temperature is 32.20C (Winchester and Morris, 1956; NRC,1978). 

In hot weather increases in water intake benefits the cow by a 

direct cooling effect on the reticulorumen (Bianca, 1964). Cold water 

(5°C) in the rumen has increased feed intake 24% as well as lowering 

both rectal and tympanic membrane (eardrum) temperatures (Bhattacharya 

and Warner, 1968). In the same experiment, infusion into the rumen of 

warm water (490 C) depressed intake 9%. By heating the rumen with a 

heating coil, Gengler et al., (1970) depressed feed intake 15%. 

The effect of rumen temperature on the appetite of ruminants 

may be indirect through its influence on the entire organism. It is 

likely that cold water in the rumen reduces the temperature of the blood 
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passing through the hypothalamus since it reduces both rectal and tympanic 

membrane temperatures (Fuquay, 1981). 

Experiments investigating the effects of chilled drinking water 

on performance of lactating dairy cows have been favorable. Coppock and 

West (1985) cites Ingraham (1968) where chilled drinking water was offered 

to lactating Holsteins in Mexico. They observed an increase of 1.1 kg 

milk/day when chilled water of 18.30C was provided continuously. More 

recent work by Coppock and West (1985) showed milk yield increases of 

more than 10% by allowing cows an afternoon consumption of 100 C water 

rather than 27.70 C. Feed intake for the chilled group also increased 

13%. 

Cooling the drinking water is effective independent of relative 

humidity which makes this an attractive method to combat heat stress in 

those areas plagued by high ambient temperature, high humidity and warm 

drinking water (Coppock and West, 1985). 

The level of water intake is related directly to protein intake. 

Winchester and Morris (1956) cite Ritzman and Benedict, (1924) where 

their early work showed that steers on high protein allowances consumed 

26% more water than did similar animals on low protein rations. Numerous 

authors have shown similar data with high protein rations (Sykes, 1955; 

Payne, 1963; Terrill, 1968; Holter et al. 1982). 

High intakes of protein that are rapidly degraded in the rumen 

or high intakes of non-protein nitrogen lead to elevated levels of ammonia 

in the rumen. The ammonia which is not utilized by the microflora of 

the rumen is absorbed and passes via the portal circulation to the liver 
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where, depending upon the efficiency of liver function, it is converted 

to urea (Hibbitt, 1984). 

Madsen (1983) cites Boling et al., (1976) where activities of urea 

cycle enzymes increased in sheep fed a high protein diet compared to 

low protein. In rats, when the dietary protein was raised from 15 to 

65%, the activity of all urea cycle enzymes increased 2 to 4-fold over 

at least 5 days (Schimke, 1962). 

With increased activity of the urea cycle, the water requirement 

in the urea cycl e naturally ri ses. In the urea cycl e, water reacts 

with arginine to form ornithine and urea. The ornithine that is generated 

is then available to react with carbamoyl phosphate for regeneration of 

the urea cycle (Lehinger, 1982). The urea formed is passed via the 

blood to the kidneys and excreted into the urine. 

Summary of the Literature Review 

The literature reviewed has shown that thermal stress results 

in increased maintenance energy requ i rements \'Jith decreases in feed 

intake and milk production of lactating cows. Reductions in dry matter 

intake would possibly result in less available dietary protein for 

product ion functions unl ess the concentration of di etary protei n was 

increased. 

Oversupp 1 ementat i on of crude protei n to 1 act at i ng cows duri ng 

thermal stress may result in an attempt to achieve maximal milk production 

or as a result of poor nutrit i ona 1 management. At excess i ve protei n 

intakes, effi ci ency of ut il i zat ion is reduced because more protei n is 

available than the animal can process physiologically. 
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At present little information is available on the effect of 

protein level and degradability during heat stress. The objective of 

this experiment was to investigate the effect of protein level and 

degradability on lactating cows exposed to hot and moderate conditions. 



CHAPTER 3 
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COWS DURING HOT AND MODERATE TEMPERATURES 
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One hundred and twenty lactating cows in early to mid-lactation 

were offered diets at two locations during hot or moderate weather. 

Treatments were: 1) High protein (19%), high degradability (65%); 2) 

High protein (19%), med~um degradability (40%); 3) Medium protein 

(15.5%), high degradability (65%); 4) Medium protein (15.5%), medium 

degradabilty (40%). Diets fed during hot weather contained 38.4% alfalfa 

hay, 12.4% cottonseed hulls, 9.8% whole cottonseed and 39.4% concentrate 

(dry matter). Diets during moderate weather contained 31.3% corn silage, 

14% alfalfa haylage, 9.4% whole cottonseed and 45.3% concentrate (dry 

matter) . Fat-corrected mil k (2x) and mil k persi stencies for hot weather 

were: 23.4, 83.2; 26.6, 91.2; 26.2, 90.9; 27.0, 90.3 with 1 lower than 

other treatments. Moderate weather fat-corrected milk (3x) and milk 

persistencies were: 34.7, 97.0; 31.8, 93.4; 32.2, 92.1; 32.4, 97.0 

with no significant differences between treatments. Milk fat was not 

different during hot weather, 2.72, 3.04, 3.01, 2.95%; but was affected 

by 1 eve 1 of degradabi 1 i ty duri ng moderate weather, 3.11, 2.89, 3.04, 

2.78%. Dry matter intakes during hot weather were numerically lower 

for high protein (21.5 and 21.9 kg/d) than low (23.3 and 23.1 kg/d). 

Rumen ammonia and blood urea nitrogen were significantly higher on 

high protein rations for both environmental locations. These results 

suggest that cows react more negatively to high protein of high 
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degradabil ity during heat stress, perhaps due to the energy cost 

associated with metabolizing excess ammonia. 

Environment, particularly ambient temperature, is a determinant 

factor in the milk producing ability of lactating dairy cows. Thermal 

stress results in increased energy required fo' maintenance, as \'t'ell 

as a reduction in growth rates, milk yields and reproductive perfunnance 

wh i ch can cause seri ous economi closs to 1 i vestock producers (Be.ede 

amd Collier, 1986). Metabolism studies have shown that cattle wilder 

heat stress 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. However, too much protein in heat-stressed cows should be 

avoi ded because of energy wasted converting excess ammon i a to urea 

(Danfaer et al., 1980; Sahlu et al., 1984). 

Hassan and Roussel (1975) observed increased feed intake and 

mil k production in Hol stein cows in a hot environment fed 21% crude 

protei n di et compared to 14%. Zook (1982) compared two protei n 

solubilities (40 vs. 20%) in lactating cows subjected to heat stress 

or thermal neutral conditions and observed more milk on 20% during 

both hot and moderate conditions, but crude protein was only 15%, 

somewhat lower than fed in many herds. 

Since little information exists on the effect of protein level 

and degradability on milk yields during heat stress, a study was 

conducted in which cows were fed two protein levels of two 

degradabilities under hot and moderate conditions. 



Materials and Methods 

Trial 1: (Hot weather, Tucson, Az.) 
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Twenty multiparous, mid-lactation Holstein cows \'1ere assigned 

at random to one of the following four treatments: 1) High protein 

(19%), high degradabil ity (65%), HPHD; 2) lIigh protein (19%), medium 

degradability (45%), HPMD; 3) Medium protein (15.5%), high degradability 

(65%), MPHD; 4) Medium protein (15.5%), medium degradability (45%), 

MPMD. Degradabil i ty val ues used for di et formul at i on were from NRC 

(1985) . 

Cows were allotted to treatment on the basis of pre-treatment 

milk production, and, insofar as possible, treatment groups were balanced 

for lactation number and days in milk. Cows were fed treatment diets 

for 40 d during May and June of 1985 at the Dairy Research Center in 

Tucson. Diets consisted of alfalfa hay, whole cottonseed, cottonseed 

hull s, and concentrate (Tabl e 1). Concentrates were formul ated so 

that diets contained 1.6 Mcal NEl/kg dry matter, as calculated from 

NRC (1978). 

One half of the daily allotment of concentrate (1 kg/3 kg milk 

produced during pretreatment) was offered daily at 0600 and 1800 h. 

In addition, 2.7 kg cottonseed hulls and 2.3 kg whole cottonseed per 

cow were blended with the concentrate before feeding. Alfalfa hay was 

fed ad libitum at 1800 h. Cows \'1ere fed individually in electronic 

headgates (American Calan Inc., Northwood, NH) and orts were weighed 

daily. 

Cows were milked twice daily at 0500 and 1700 h with milk yields 

recorded at each milking. Representative samples of milk from pm and 
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Table 1. Ingredient composition of diets for cows fed rations varying 
in protein level and degradability during hot weather. 

Treatment 

Ingredient HPHD HPMD MPHD MPMD 

--------------% ration DM----------------

Alfalfa hay 38.4 38.4 38.4 38.4 

Cottonseed hulls 12.4 12.4 12.4 12.4 

Whole cottonseed 9.8 9.8 9.8 9.8 

Ground corn 22.3 22.4 23.2 23.2 

Corn gl uten meal 10.2 3.5 

Soybean meal-47.5 9.9 2.9 

Barley 5.1 11.2 

Milo 4.9 10.6 

Added fat 1.6 1.4 1.6 1.6 

Limestone .2 .2 .2 .2 

TM salt .2 .2 .2 .2 

Vitamin premix .1 .1 .1 .1 

100.0 100.0 100.0 100.0 
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am milkings for each animal \'Jere collected \'/eekly, composited and sentto 

Arizona DHIA laboratory in Phoenix for compositional analyses. 

Determination of feed crude protein (CP), calcium (Ca) and phosphorus 

(P) was by a technicon auto-analyzer "lith protein degradability measured 

according to a ficin protease assay procedure (Sahlu et al., 1984). 

Acid detergent fiber (ADF) and acid detergent insoluble nitrogen (ADIN) 

were determined according to Goering and Van Soest (Goering and Van 

Soest, 1970). 

In the last week of the experiment, samples of rumen contents 

were obtained from three cows of each treatment by vacuum applied to an 

esophageal tube at 2-3 h after am feeding. Samples were collected 

into 250-ml bottles and were analyzed immediately for pH with a glass 

electrode pH meter. Rumen fluid was strained through four layers of 

cheesecloth and a 10 ml aliquot was acidified with .5 ml of .1 N HCl 

and centri fuged; the supernatant was frozen and 1 ater analyzed for 

ammonia nitrogen (Chaney and Marbach, 1962). 

Samples of coccygeal vein blood were obtained at the same time 

as rumen sampling. Blood was centrifuged, and serum was analyzed for 

urea N using the phenol-hypochlorite procedure (Anonymous, 1981). 

Animals were kept in groups of ten in an open lot under sheet metal 

shades. Weather data was recorded daily at the University of Arizona 

Campbell Experimental Farm located approximately 2.0 km from the Dairy 

Research Center. 
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Trial 2: (Hot weather, Tucson, Az.) 

Twenty-four multiparous Holstein cows in mid-lactation were 

placed on a 14 d pre-treatment diet. Cows were assigned to the four 

treatment groups simil arly to Tri al 1. Treatments were admi ni stered 

to cows for 50 d during August and September, 1985 at the Dairy Research 

Center in Tucson, AZ. Feeding methods, diets, feed sampling and analysis 

as well as other management practices were similar to Trial 1. 

Trial 3: (Moderate weather, Provo, Ut.) 

To examine treatment effects during moderate weather, sixty 

multiparous Holstein cows in mid-lactation were assigned to the same 

four treatments as in Trials 1 and 2. Production outcome groups were 

formed on the bas is of the 14 d pre-treatment production and a cow 

from each outcome group was randomly allotted to one of the treatments. 

Cows were fed treatment diets for 50 d during May and June of 1986 at 

the Brigham Young University (BYU) Dairy Farm, Spanish Fork, UT. Rations 

consisted of alfalfa haylage, corn silage, whole cottonseed and 

concentrate (Table 2). 

Di ets were fed ad 1 i bitum to each treatment group as a total 

mi xed ration 3x daily. The research facil ity was not equi pped to 

determi ne intake of i nd i vi dua 1 cows. Concentrates \'/ere formul ated 

such that complete diets contained 1.69 Mcal of NEL/kg dry matter 

(calculated from NRC, 1978). Cows were milked 3x daily at 0600, 1400, 

and 2200 h, and milk yields recorded for three consecurtive mil kings 

thrice weekly. Individual milk samples were composited on three 
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Table 2. Composition of treatment rations for cows fed rations varying 
in protein level and degradability during moderate weather. 

Treatment 

Ingredient HPHD HPMD MPHD MPMD 

---------------% ration DM--------------

Corn silage 31.3 31.3 31.3 31.3 
Alfalfa haylage 14.0 14.0 14.0 14.0 
Whole cottonseed 9.4 9.4 9.4 9.4 
Milo 8.3 12.8 
Soybean meal-44 8.5 4.5 
Barley 5.5 7.6 

Beet pulp 2.8 4.8 
Meat & bone meal 3.4 2.7 
Cottonseed meal 3.8 1.1 
Brewers grains 2.2 1.0 
Molasses 1.3 1.3 1.3 1.3 
Added fat .6 .5 .6 .5 
Dical phosphate .5 .6 
Sodium bicarbonate .3 .3 .3 .3 
Bentonite .2 .2 .2 .2 
Limestone .2 .2 
Dyna-k .2 .1 .2 .2 
Mg oxide .1 .1 .1 .1 
Salt .1 .1 .1 .1 
Vitamin premix .1 . 1 .1 .1 

100.0 100.0 100.0 100.0 
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consecutive mil kings each week and were analyzed for fat and protein 

at the Utah DHIA laboratory in Logan, UT. 

Samples of all feeds were collected weekly and analyses were 

similar to Trial 1. During the last week of the experiment, ten cows 

from each treatment were sampled from their rumens via an esophageal 

tube 2-3 h after the am feeding. Samples of coccygeal vein blood were 

obtai ned concurrently wi th rumen sampl es and serum was frozen for 

analysis of urea N. Analyses of rumen and blood samples were similar 

to Tri al 1. 

Weather data was recorded by the Strawberry Water Users 

Association located 3.2 km from the Brigham Young University Dairy 

Farm. Animals were housed in an open lot with access to a covered 

freestall barn. 

Trial 4: (Hot weather, Tucson, Az.) 

To further exami ne hot weather effects, sixteen mult i parous 

Holstein cows in mid-lactation were assigned to the same treatments in 

a manner similar to the previous three trials. Treatment diets were 

fed for 44 d during August and September of 1986 at the Dairy Research 

Center, Tucson, AZ. Feeding strategy, diets and feed analyses ,,,ere 

similar to Trials 1 and 2. 

Statistical Analysis 

Milk production and dry matter intake data were analyzed using 

the randomized block design described by Gill (1978) with a 2 x 2 

factori al 

(HPHD) was 

arrangement of treatments. However, because one treatment 

obviously different from the other three, its mean was 
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compared to the other treatments by orthogonal contrast. Blocks \'lithin 

an experiment were assigned on the basis of pre-treatment milk yields. 

Rumen and blood data were analyzed as a 2 x 2 factori a 1 des i gn wi th 

significant interaction determined by analysis of variance. 

Results and Discussion 

Nutrient composition of diets is in Table 3. Crude protein 

approached predicted val ues, but actual degradable protein was lower 

than that calculated for the highly degradable treatments. Maximum 

and minimum temperatures for each week of experimental trials are shown 

in Table 4. Average daytime temperatures during hot weather trials 

were 35.10C. In contrast, average daytime temperatures for the moderate 

weather were 26.SoC. 

As shown in Table 5, milk production and intake trends for the 

three hot weather trials were similar, so data were pooled (Tables 6 

and 7) for a more powerful statistical analysis. During thermal stress, 

the HPHD diet caused a significant decrease in 3.5% fat-corrected milk 

(FCM) and milk persistency (Table 6). In contrast, the HPHD diet fed 

during moderate weather was highest in milk yields. As can be seen in 

figure 1, milk yields for HPHD during hot weather dropped below other 

treatments in the first week and continued lower throughout the entire 

period. During moderate weather (Figure 2), the HPHD diet generally 

maintained higher milk production over the entire experimental period 

with milk yields declining as the trial progressed and environmental 

temperatures increased. Cows produced more milk during moderate than 
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Table 3. Chemical composition of diets fed during hot and moderate 
environmental temperatures (DM basis). 

Environment 

Hot1, 

DM, % 

CP, % 

NEL, Mcal/kg 
ADF, % 

Ca, % 
P, % 
Degradable N, %3 

Moderate2 

DM, % 

CP, % 

NEL' Mcal/kg 
ADF, % 

Ca, % 

P, % 

Degradable N, %3 

HPHD 

89.80 
18.60 
1.62 

24.20 
.62 
.41 

60.00 

50.60 
18.50 
1.69 

19.50 
.89 
.56 

60.00 

Treatment 
HPMD 

90.80 
18.80 
1.62 

24.20 
.61 
.39 

40.00 

51.40 
18.00 
1.69 

19.60 
.98 
.65 

41.00 

MPHD 

90.10 
15.50 
1.62 

23.30 
.61 
.39 

57.00 

55.40 
15.40 
1.69 

20.70 
.81 
.47 

61.00 

2
1 Mean of Trials 1, 2 and 4. 

Trial 3. 
3 Determined by Ficin assay method (Sahlu et al., 1984). 

MPMD 

90.20 
15.70 
1.62 

24.30 
.60 
.38 

44.00 

56.10 
15.00 
1.69 

19.20 
.84 
.58 

46.00 
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Table 4. Weekly maximum and minimum temperatures and relative humidity 
(RH) during hot and moderate temperature trials. 

Environment 
Max. Min. 

Hot l Heeks (0 C) (0 C) 

1 36.6 19.1 
2 36.0 19.4 
3 35.6 l7 .6 
4 34.7 l7 .6 
5 34.6 l7 .7 
6 35.8 l7 .3 
7 32.3 13.3 

Mean 35.1 l7 .4 

Moderate2 1 15.6 3.3 
2 23.8 6.5 
3 26.9 9.6 
4 31.9 12.8 
5 29.1 10.6 
6 33.7 11.7 

Mean 26.8 9.1 

~ Mean of Trials 1, 2 and 4. 
Trial 3. 
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Table 5. Milk production, 3.5% fat-corrected milk (FCM), percent fat and 
dry matter intake (OM!) of cows fed rations varying protein 
level and degradability during hot weather. 

Treatment 
Tri al HPHO HPMO MPHO MPMD S. E. 

Trial 1 
Mil k, kg/d 28.8 30.1 31.7 30.7 1.2 
3.5% FCM, kg/d 25.9 29.2 30.0 29.2 1.6 
% Fat 2.9 3.3 3.2 3.2 .2 
OM!, kg/d 22.5 24.2 25.5 24.9 1.1 
Milk persistency 83.9a 88.5ab 92.9b 92.3b 3.2 

Trial 2 
Mil k, kg/d 24.9 28.2 25.8 26.0 2.0 
3.5% FCM, kg/d 19.8 24.0 22.4 22.6 1.6 
% Fat 2.3 2.6 2.7 2.7 .3 
OMI, kg/d 21.3 22.7 22.5 23.0 .8 
Milk persistency 83.9c 98.7d 93.0cd 93.0cd 4.6 

Trial 3 
Mi 1 k, kg/d 27.5 28.4 28.6 29.2 2.0 
3.5% FCM, kg/d 26.0 27.5 27.3 26.7 1.9 
% Fat 3.1 3.3 3.3 3.0 .2 
OMI, kg/d 20.3 18.7 20.5 20.2 .7 
Milk persistency 81.2 83.3 85.4 83.4 5.5 

a,~ Means in the same row not sharing a common superscript differ (P<.10); 
c, (P<.05). 
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Table 6. Milk production, 3.5% fat-corrected milk (FCM), milk persistency 
and milk composition of cows fed rations varying in protein 
level and degradability dUiing hot and moderate temperatures. 

----------------Treatment---------------
Environment HPHD HPMD MPHD MPMD S. E. 

Hot, 
Mil k, kg/d1 26.9 28.9 28.5 28.4 1.9 
3.5% FCM, kg/d 23.4a 26.6b 26.2b 27.0b .9 
Milk persistency, %2 82.2c 91.2d 90.9d 90.3d 2.6 
Mil k fat, % 2.72 3.04 3.01 2.95 .2 
Mil k protei n, % 3.04 3.04 3.13 3.11 .1 

Moderate, 
Milk, kg/d2 36.6f 35.0e,f 34.0 36.0e,f .8 
3.5% FCM, kg/d 34.7f 31.8e 32.2e,f 32.4e,f 1.0 
Milk persistency, %2 97.0 93.4 92.1 97.0 2.3 
Mil k fat, % 3.11 f 2.8ge 3.04f 2.78e .1 
Mil k protei n, % 2.89 2.94 2.92 2.96 .1 

1 2x day milking. 
2 100 x trt/pretrt. 
ab Means in lOW not sharing a common superscript differ (P<.OI); c,d 
(P<.025); e, (P<.05). 
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Table 7. Ory matter intake (OM!) and feed efficiency of cows fed rations 
varying in level and degradabil ity of protein during hot 
\'1eather. 

Environment 

Hot, 

OM!, kg/d 

Feed effici encyl 

lkg 3.5% FCM/kg OM 

-------------Treatment----------------
HPHD HPMD MPHD MPMD SE 

21.5a 

1.0Sa 

23.1 b .70 

1.12ab 1.17ab .04 

a,bMeans in row not sharing a common superscript differ (P<.10). 
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hot weather probably due to their earlier stage of lactation, a more 

favorable climatic condition and 3x a day milking. 

Responses observed during hot weather with the more degradable 

high protein ration contradicts reports of studies (Hassan and Rousel, 

1975; Leighton and Rupel, 1960; and Zook, 1982) where high crude or 

soluble protein fed during heat stress generally increased milk yields. 

Cows in our study were under greater thermal stress which may account 

for the different results; moreover, degradability of the crude protein 

was not varied in other studies (Hassan and Rousel, 1975; Leighton and 

Rupe 1, 1960). Reduct i on of mil k output for HPHD compared to other 

treatments during thermal stress was equivalent to about 2.4 Mcal 

NEL/day. At an energy cost for urea synthesis from NH3 of 3.2 kcal/g N 

(Martin and Blaxter, 1965) and with one-third of synthesized urea likely 

to be excreted in urine (Bruckental et al., 1978), the energy cost of 

excreting 110 g N in urine would be 3.2/.33 x 110/1000 or 1.07 Mcal. 

Therefore, about 45% of the reduced milk output on the HPHD might be 

due to the cost of excreting excessive N. HPMD has higher efficiency 

than other treatments. Danfaer et al. (1980) reported a reduction of 

milk output equivalent to 1.08 Mcal NE/d when dietary crude protein 

content increased from 190 to more than 230 g/kg dry matter and 

calculated the energy cost of synthesizing urea and excreting excess N 

at 1.0 Mcal. During thermal stress, maintenance requirements of cattle 

increase to alleviate excessive heat load. Providing N in excess would 

add an additional energy cost to the animal causing an even greater 

deficiency during hot weather. 
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Percentages of fat and protein in milk \'1ere below what might 

normally be expected for both environmental locations (Table 6). Other 

studies have shown similar decreases in milk fat percent during heat 

stress (McDowell et al., 1969; Mohammed and Johnson, 1985). Though not 

s i gni fi cant, mil k fat percent \'1as lO\'Jer for HPMD duri ng hot weather 

compared to other treatments. The low milk fat content during moderate 

weather were attributed to marginal ADF in the BYU rations. The lower 

degradable protein diets significantly lowered milk fat in moderate 

weather. These results agree wi th simil ar observations from studi es 

comparing protein sources which were slowly degradable or low in 

solubility (Block et al., 1981; Higginbotham et al., 1984). Protein 

level did not affect milk fat percent which concurs with other studies 

(Edwards et al., 1980; Howard et al., 1987). In contrast, Grieve et 

al. (1974) noted linear increases in milk fat percent when 14, 16 and 

18% CP were compared. 

Mi 1 k protei n percent \'1as not di fferent between treatments or 

envi ronments as other studi es noted when varyi ng protei n was fed to 

lactating cows (Edwards et al., 1980; Howard et al., 1987). In contrast, 

Hassan and Roussel (1975) noted a significantly higher mil k protein 

percent during heat stress for diets of 20.8% vs. 14.3% CPo 

The higher levels of protein (19%) significantly {P<.10} depressed 

DM intake (Table 7) during hot weather. Due to group feeding conditions, 

intake data was not available for cows in moderate weather. Generally, 

increases in DM intake occur as the crude protein content of rations 

rise up to about 18% (Claypool et al., 1980; Kung and Huber, 1983; 

Murdock and Hodgson, 1979) but not always {Edwards et al., 1980; Howard 
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et al., 1987). Our results during heat stress contradict other studies 

(Hassan and Roussel, 1975; Zook, 1982) which noted higher intakes where 

crude or soluble protein in diets was increased. The depressed feed 

efficiency (Table 7) HPHD resulted from a decrease in 3.5% FCM yields 

despite the decreased intake, compared with other diets. 

Rumen pH (Table 8) was close to neutral (7.0) during hot weather, 

probably because of saliva contamination in rumen samples. Rumen pH 

duri ng moderate weather were generally unaffected by treatment with 

HPMD and MPHD being about 7.0. 

The higher crude protein of HP diets significantly increased 

rumen ammonia concentration (Table 8) during moderate (P<.05) and hot 

(P<. 01) weather. Surpri singly, HPMD was numeri cally hi gher in rumen 

NH3 than HPHD during hot weather. Large variation due to small sample 

size and possible error due to stomach tube collection of rumen samples 

(Zook, 1982) might explain this apparent discrepancy. 

Protein level and degradabil ity significantly (P<.01) affected 

blood urea nitrogen (BUN) during heat stress with protein level affecting 

BUN duri ng moderate \'1eather (Tabl e 8). Hammond et al. (1983) found BUN 

related to both protein amount and solubility. However, Kung and Huber 

(1983) saw no effect of nitrogen degradabil ity on pl asma urea-N of 

1 actat i ng cows. Depress ions in BUN duri ng hot compared to moderate 

weather may be due to reductions in intake during heat stress although 

DM digestibility has been shown to increase in hot \'1eather (Lippke, 

1975; Warren et al., 1974). 

Results from our studies show that high protein diets are 

detrimental to cows subjected to hot summer temperatures, particularly 



Table 8. Rumen pH, rumen NH4 and blood urea nitrogen (BUN) of cows fed rations varying in protein 
level and degradability during hot and moderate temperatures. 

Treatment Significance 
Environ'11ent HPHD HPMD MPHD MPMD S. E. Protein Oegrad- Protein X 

abil ity Degradability 

Hot, 
Rumen pH 6.9 7.2 6.9 6.9 .2 NS NS NS 

Rumen NH4, mg/dl 13.4 16.6 11.2 8.0 1.9 .05 NS NS 

BUN, mg/dl 14.0 10.3 9.8 7.2 .7 .01 .01 NS 

Moderate, 

Rumen pH 6.6 6.9 7.0 6.6 .1 NS NS .01 

Rumen NH4, mg/dl 9.9 9.8 5.8 5.1 1.1 .01 NS NS 

BUN, mg/dl 20.3 21.5 14.8 15.1 .7 .01 NS NS 

c.n 
U) 
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when the protein is readily degradable in the rumen. Results obtained 

during moderate weather did not elicit similar patterns. Supplying 

excess ammonia to the rumen requires additional energy for the formation 

of urea. l~i th increased energet i c needs for rna i ntenance duri ng heat 

stress, energy availability for productive functions is decreased. 



CHAPTER 4 

INFLUENCE OF PROTEIN LEVEL AND DEGRADABILITY 
ON HORMONES AND PHYSIOLOGICAL PARAMETERS 

OF COWS DURING HOT AND MODERATE 
ENVIRONMENTAL TEMPERATURES 
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One hundred and twenty lactating Holstein cows in early to mid

lactation were offered diets of similar protein level and degradability 

at two locations during hot and moderate weather. Treatments were: 1) 

High protein (19%), high degradability (65%); 2) High protein (19%), 

medium degradability (40%); 3) Medium protein (15.5%), high degradability 

(65%); 4) Medium protein (15.5%), medium degradability (40%). Diets 

fed during hot weather in Tucson, Az. contained 38.4% alfalfa hay, 12.4% 

cottonseed hull s, 9.8% whole cottonseed, and 39.4% concentrate (dry 

matter). Diets fed during moderate weather in Provo, Ute contained 

31.3% corn silage, 14% alfalfa haylage, 9.4% whole cottonseed and 45.3% 

concentrate (dry matter). Respiration rates and rectal temperatures 

for respective treatments were: 90.1, 87.9, 90.9, 94.7 counts/min. and 

39.0, 39.3, 39.3, 39.50C in hot weather; and 61.2, 58.2, 55.5, 67.4 

counts/min. and 38.8, 38.6, 38.7, 38.80 C in moderate weather. Serum 

thyroxi ne, tri i odothyroni ne and cortisol were generally unaffected by 

protein level and degradability at both locations, but we,"e all lower 

during heat stress. Serum glucose was not significantly affected by 

treatment at either environmental location. Rumen volatile fatty acids 

were generally affected by degradability of protein during moderate but 

not in hot weather. Cows drank more water in hot weather and when fed 

highly degradable protein diets at both locations. 
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Exposure to thermal stress in cattle results in increased body 

temperature (Gwazdauskas, 1985; \'Jiersma and Stott, 1974), increased 

water consumption (Johnson and Yeck, 1964; McDowell, 1972), decreased 

feed intake (McDowell, 1972; Mohammed and Johnson, 1985), decreased 

milk production (Johnson, 1965; Mohammed and Johnson, 1985), decreased 

thyroid activity (Johnson and Vanjonack, 1976; Magdub et al., 1982) and 

decreased serum corticoids (Bergman and Johnson, 1963; Stott and Wiersma, 

1971) . 

Crude protein may be fed in excess to lactating cows during 

heat stress to achieve maximal milk production or because of poor 

nutritional practice. Energy waste from feedi ng excessi ve protei n 

arises from the need to eliminate surplus urea resulting from protein 

metabol ism (Tyrrell et al., 1979; Visek, 1984). Few investigators 

have evaluated endocrine responses of cows under heat stress which were 

fed varying protein of different degradabilities. Previous studies 

(Hassan and Roussel, 1975; Zook, 1982) have indicated benefits from 

feeding high crude or soluble protein during heat stress, but protein 

degradabil ity was not altered or monitored closely. Thermal stress 

also increases maintenance requirements, which coupled with low dry 

matter intakes of heat-stressed cows may place those forced to eliminate 

excessive nitrogen in double jeopardy. This study was to determine if 

serum hormones generally affected by heat stress, such as serum 3,5,3'

triiodothyronine (T3), thyroxine (T4)' and cortisol change when dietary 

protein intakes and degradabilities are altered. Respiration rate and 

rectal temperatures were also measured to determine if they are affected 
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by varying levels of crude and degradable protein during hot and moderate 

temperature conditions. 

Materials and Methods 

Trial 1: (Hot weather, Tucson, ~z.) 

Experimenta 1 procedures for the 20 cows duri ng Tri all were 

similar to those described in Chapter 3. Exceptions were as follows: 

Respiration rates were taken weekly on all cows at approximatlly 1400 h 

by counting flank movements for twenty seconds, and multiplying by three 

to obtain counts per minute. Rectal temperatures were taken weekly at 

1400 h using a battery operated digital readout thermometer. 

Samples of coccygeal vein blood were obtained bi-weekly at 1400-

1500 h when daily ambient temperatures were maximal. Samples of tail 

blood were taken in non-heparinized tubes and centrifuged at 2000 x g. 

Serum was decanted and frozen at -SoC for later analysis for T3' T4' 

cortisol and glucose. Serum T3' T4' and cortisol were analyzed using a 

double antibody radioimmunoassay procedure (Diagnostic Product 

Corporation, Los Angeles, CA.). Serum glucose was determined using a 

hexokinase procedure (Sigma Chemical Co., St Louis, Mo.). After 

collection of rumen fluid as described in Chapter 3, 10 ml of sample was 

acidified with 2 ml of 25% metaphosphoric acid, centrifuged, and 

supernatant was frozen until analyzed for volatile fatty acids (VFA) by 

gas liquid chromatography with a 80/120 Carbopack B-DA/4% Carbowax 20M 

column. 
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Trial 2: (Hot weather, Tucson, Az.) 

Experimental procedures \'1ere as in Chapter 3. Respiration 

rates and rectal temperatures were determined as in Trial 1. The twenty

four cows were grouped by treatment to allow measurement of ad libitum 

water intakes. 

Trial 3: (Moderate weather, Provo, Ut.) 

Management and feeding of the 60 cows were as described in Chapter 

3. Ad libitum water intakes were recorded for each treatment group. 

Rumen sampling was previously described in Chapter 3. Processing of 

rumen fluid for VFA analysis was as in Trial 1. Respiration rates, 

rectal temperatures, blood sampling, and analysis were as in previous 

trials. 

Trial 4: (Hot weather, Tucson, Az.) 

Trial 4 used 16 cows and was similar in treatments and feeding 

methods to Trials 1 and 2 described in Chapter 3. Respiration rates, 

rectal temperatures, blood sampling and analysis were conducted as in 

previous trials. 

Statistical Analysis 

Hhere appropri ate, data from Tri al s 1, 2 and 4 (hot weather) 

were pooled and analyzed as a 2 x 2 factori a 1 des i gn to determi ne 

significant main effects and interaction according to the procedures 

of Montgomery (1984). Milk production data were analyzed as a randomized 

block design. Blocks within an experiment were assigned on the basis 

of pretreatment milk yields. Individual means \'1ere tested by orthogonal 
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comparisons. Statistical treatment of data \'Jas the same for the moderate 

weather experiment. Data for the two locations were not pooled because 

of diet, management, mil kings per day and other factors which differed 

between the herds. 

Results and Discussion 

Nutrient composition of diets was previously shown in Chapter 

3. As outlined earlier, crude protein approached predicted values, 

but degradable protein was lower than expected (about 60%) for the highly 

degradable treatments. Weekly maximum and minumum daily temperatures 

were considerably higher during hot weather (shown in Chapter 3). 

Milk production for hot and moderate weather conditions is shown 

in Table 9. Milk production from Trial 1 during heat-stress typifies 

responses observed in Trials 2 and 4. During thermal stress cows fed 

the HPHD diet significantly decreased in 3.5% fat-corrected milk (3.5% 

FCM) and mil k persi stenci es. In contrast, cows fed the HPHD diet during 

moderate weather showed higher milk yields. During thermal stress, 

higher maintenance requirements result from the need to alleviate 

excessive heat With excess N, the animal has the additional energy cost 

of converting the NH3 to urea (Tyrrell et al., 1979) causing even less 

energy to be available for milk production (Danfaer et al., 1980; Oldham, 

1984). 

As shown in Table 10, respiration rates were not different among 

protein treatments during heat stress, but were 40 to 50% lower in the 

moderate weather animals, indicating that the cows in Arizona were 

experiencing thermal stress. Animals fed MPMD during moderate weather 
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Table 9. Milk production, 3.5% fat-corrected milk, percent fat, dry 
matter intake (DM!), and milk persistency of cows fed rations 
varying in protein level and degradabil ity during hot and 
moderate weather. 

Treatment 
Parameter HPHD HPMD MPHD MPMD SE 

Hot1, 
Mil k, kg/d 28.8 30.1 31.7 30.7 1.2 
3.5% FCM, kg/d 25.9 29.2 30.0 29.2 1.6 
% Fat 2.9 3.3 3.2 3.2 .2 
Milk persistency,%2 83.9a 88.5ab 92.9b 92.3b 3.2 
DM!, kg/d 22.5 24.2 25.5 24.9 3.2 

Moderate3 

Mil k, kg/d 36.6a 35.0ab 34.0a 36.0ab .8 
3.5% FCM, kg/d 34.7b 31.8a 32.2ab 32.4ab 1.0 
% Fat 3.1 2.9 3.0 2.8 .1 
Milk Qersistenc~2%2 97.0 93.4 92.1 97.0 2.3 

~Trial 1, 2x a day milking. 
100 x trt/pretrt. 

3T~ial 3, 3x a day milking. 
superscript differ (P<.05). a, Means in same row not sharing a common 
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Table 10. Influence of protein level and degradability on respiration 
rates, rectal temperatures, and water intake of cows during 
hot and moderate weather. 

Treatment 
Environment HPHD HPMD MPHD MPMD SE 

Hot, 
Respiration rate, c/mina 90.1 87.9 90.9 94.7 4.01 
Rectal temperature, OCa 39.0 39.3 39.3 39.5 .16 
Water intake, liters/db 141.9 122.3 133.6 118.9 

Moderate, 
Respiration rate,c/mina,c61.2 58.2 55.5 67.4 1.88 
Rectal temperature, OCa 38.8 38.6 38.7 38.8 .08 
Water intake l litersLd 116.3 111.3 103.4 101.5 

~15 cows/trt 
Tria12 

CSignificant (P<.Ol) degradability effect and interaction of 
degradability and protein. 
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had higher respiration rates compared to HPMD and MPHD but not HPHD. 

Reasons for these results are unclear. Hassan and Roussel (1975) 

observed lower respiration rates (72.9 vs 75.3) for cows fed high (20%) 

vs low (14%) protein diets during heat stress. Respiration rates in 

this study during hot weather were considerably higher than (Hassan and 

Roussel, 1975), indicating a greater thermal stress on cows. At both 

Az and Ut, diet had no effect on rectal temperature, but cows in the 

hot climate averaged .50 C higher than those in moderate weather. 

Group water intakes of animals is in Table 10. Water intakes 

during hot weather were higher than during moderate weather. Cows also 

tended to drink more water when fed degradable protein especially during 

hot weather. Others have shown increased water intakes with high protein 

rations rations (Holter et al., 1982; Johnson and Yeck, 1964; Terrill, 

1968). 

Serum T 3 in the hot envi ronment cows was not different among 

treatments (Table 11). Serum T3 for moderate weather cows was 

significantly (P<.Ol) affected by protein level of the diet. Cows during 

hot weather had approximately 40% lower T3 concentrations compared to 

moderate weather animals. Serum T4 was not affected by diet during 

hot weather, but a significant (P<.05) protein and degradability 

interact i on was observed for moderate "leather an ima 1 s. Moderate weather 

cows were 30% lower in T4 than those in hot weather. 

Other studies (Johnson and Vanjonack, 1976; Magdub et al., 1982) 

have found thyroid function in lactating cows lower in the summer than 

winter months. The reduction in thyroid activity of animals in hot 
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Table 11. Influence of protein level and degradability on serum 3, 5, 
3'- triiodothyronine (T3)' thyroxine (T4)' cortisol and glucose 
of cows during hot and moderate weather. 

Treatment 
Environment HPHD HPMD MPHD MPMD SE 

Hot1, 
Serum T3' ng/ml 1.06 .94 1.02 .96 .08 

Serum T4' ng/ml 38.6 32.0 37.8 36.7 3.34 
Serum cortisol, ng/ml 1.10 2.73 2.10 1.83 .68 
Serum glucose, mg/dl 58.5 63.8 60.8 60.5 4.6 

Moderate2, 
Serum T3, ng/ml a 1.62 1.64 1.69 1.84 .05 
Serum T4' ng/ml b 55.5 52.7 54.3 60.0 2.11 
Serum cortisol, ng/ml 7.64 6.54 7.09 6.62 .98 
Serum glucose 2 mgLdl 58.2 56.7 50.5 56.2 3.2 

17 cows/trt. 
210 cows/trt. 
~significant (P<.Ol) protei n effect. 
Significant (P<.05) interaction of degradability and protein. 
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weather is an attempt to reduce he~t production, since thyroid hormones 

are calorigenic. 

Serum cortisol was unaffected by treatment at both environmental 

locations. Though not significant, cortisol tended to be lower on 

diets of medium degradabi11ty. Since glucocorticoids are indicators 

of general stress (Salye, 1950), it is unclear if protein degradability 

was affecting the comfort zone of animals during moderate weather. Serum 

cortisol was depressed approximately 70% during hot compared to moderate 

weather. Numerous authors (Alvarez and Johnson, 1973; Gwazdauska et 

al., 1980; Yousef and Johnson, 1967) suggest that the reduced 

glucocorticoid level which occurs during chronic exposure to a hot 

environment results from a regulatory mechanism for reducing the animals' 

heat production. Serum gl ucose at both 1 ocat ions was not affected 

significantly by treatments. Serum glucose was depressed numerically 

for moderate compared to hot weather cond it ions, but all values were 

within normal ranges. 

Molar proportions of volatile fatty acids from rumen samples taken 

2-3 hours post-feeding are shown in Table 12. Molar percent of acetate 

in rumen fluid of hot weather cows was not affected by diet: whereas, 

during moderate weather, acetate was significantly (P<.Ol) depressed on 

diets of lower degradability. Low degradable protein rations have 

depressed acetate (Block et al., 1981), but not in the study of Kung 

and Huber (Kung and Huber, 1983). The lower propionate proportions 

from HPMD duri ng hot \<leather resulted in numeri ca 1 increases of the 

acetate to propionate ratio. During moderate weather, molar 

concentrations of propionate were high across all treatments with greater 



Table 12. Volatile fatty acids (VFA) of cows fed rations varying in protein level and degradability 
during hot and moderate temperatures. 

Treatment Significance 
Environment HPHD HPMD MPHD MPMD S. E. Protein Degrad- Protein X 

abil ity Degradability 

Hot, 
VFA's, molar % 

Acetate 63.0 62.0 63.7 60.3 1.8 NS NS NS 

Propionate 21.2 17 .2 21.4 24.1 2.3 NS NS NS 

Butyrate 12.1 15.8 11.0 12.1 1.3 NS NS NS 

Acetate/propionate 3.0 3.6 3.0 2.S .4 NS NS NS 

Moderate, 
VFA's molar % 

Acetate 57.1 54.4 59.4 55.7 .8 NS NS NS 

Propionate 24.3 26.4 23.4 28.8 .8 NS .01 .05 

Butyrate 13.5 13.4 12.9 11.5 .3 .01 .05 NS 

Acetate/propionate 2.4 2.2 2.6 2.0 .1 NS .01 NS 

""'-l ...... 
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Thi s was probably a 

reflection of the higher grain, lower fiber content of rations fed at 

UT compared to Az. Molar proportions of butyrate were unaffected by 

treatment during hot weather. In contrast, protein level and 

degradabil i ty had a s i gni fi cant effect on butyrate proportions duri ng 

moderate weather. Acetate to propionate ratios were depressed on HPMD 

and MPMD diets during moderate weather as were also milk fat percentages. 

The depress i on in mil k production noted in our studi es from 

feeding rations high in total and degradable protein in hot weather was 

apparently due to an additional energy drain on the animal. Stress

related hormones, blood glucose and rumen vfa's were not considerably 

affected by protein level or degradability in hot weather, but climatic 

conditions exerted dramatic effects on these parameters. 
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CHAPTER 5 

SUMMARY AND CONCLUSIONS 

The results obtained from feeding high protein rations of high 

degradability suggest that dairy cows are adversely effected from such 

rations during hot weather. This observation strengthens the hypothesis 

that because of excess degradable protein in the diet of lactating cows, 

additional energy is required to convert excess NH3 to urea. Additional 

energy expenditures besides those required for higher maintenance needs 

during heat stress shifts energy from productive functions. 

Milk yield, expressed as 3.5% fat-corrected milk and milk 

persistency, was lowest for the high protein, highly degradable rations 

duri ng heat-stress. In contrast, the HPHD di et fed duri ng moderate 

weather did not decrease milk yields. No differences were detected in 

milk fat content during hot weather, but it was affected by degradability 

during moderate weather. Milk protein was not affected by treatments 

at either environmental location. 

The higher levels of protein (19%) significantly depressed dry 

matter intake duri ng hot \'/eather. Due to group feeding conditions, 

individual intakes were determined for cows in moderate weather. 

Respiration rates were not different among treatments during heat stress 

but were elevated compal~ed to moderate weather cows indicating cows 

were experiencing thermal stress. In both locations, diet had no effect 

on rectal temperatures but cows during hot weather averaged .50C higher 

rectal temperature than moderate weather cows. 
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Serum T3, T4 and cortisol were generally unaffected by treatment 

but were markebly depressed during hot compared to moderate weather. 

Water intakes during hot weather were increased compared to moderate 

weather and cows tended to drink more water when fed the high protein, 

highly degradable rations especially during hot weather. 

Future studies are needed to clarify the mechanism of action by 

which elevated levels of highly degradable, protein decrease 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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