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Environmental Physiology 
With Special Reference to Domestic Animals 

Xl. Effects of Temperature, 50" to 1050 F and 50" to 9° F on 

Heat Production and Cardiorespiratory Activities 

ID Brabman, Jersey and Holsteio CoW!. 

H . H . KIBLER AND SAMUEL BROD" 

INTRODUCTION 
Indian-c"olved cattle, Bo! Indicus, are generally believed to withstand op· 

Pl'eSl5i\"ely hot weather much belteT than [uropean-e,-o lved cattle, BOl TaurU$. 
The usual explanation for this difference-for which there is no sdent i6c e,-i · 
dence-is that Indian, but not European, cattle 1\Oo'cal. It seemed desi rable to 
make a laboratory study of the comparative reactions of these t ..... o sub-species 
of cattle to various envi ronmental temperatures and attempt to gain an insight 
into the mechani~m5 responsihle for this difference in heat tolerance. 

A pr~eding bulletin" reported data on the eff~ t of various temlleratu res 
on milk production, feed and water consumption, and body weight on Brahman 
(lndian·evolved), and Holstein and Jerl!ey IEuropean·evolved ) COW!; this bul· 
letin repons data on respiration rate, pulse rate, r~tal temperatu re, heat pro· 
duct ion computed from oxygen consumption and carbon dioxide production, 
methane production, and pulmonary ventilation rate in the same cows. These 
and other measu rements to be reported in future bulletins wil!, it is hoped, 
clarify the mechani~ms contributing to the super ior heat tolera nce of the Brah· 
man over the Holstein and Jersey cows. 

ANIMALS A ND METHODS 
This report illcludes two separate periods; fint , the summer of 19'~9 ",hell 

the EXflCTimental group consistillg of two each of Brahman, Jersey, alld Hoi­
stein cows were exposed to gradually increasing tel}lperatures from 50· up to 
10S'r; second. the winter of 1949·SO when the E1'perimenta! cows weTe exposed 
to gradually decreasing temperatures from SO' down to 9 · F. The simila r 
~roups of matched Control cows were maintained at 50' during both periods. 

The same Brahman cows were used during both flCriods but the Holsteins 
and lene)'S were different in the two periods. With the exception of Control 
Brahman 189, all cows ,,'ere lactating during the ,ummer, the flCriod of rising 
t~mperature. The Brahman cows were dry during the winter period of declin· 
ing temperature. Details of the management, feeding, birth and breeding dates 
of these cows arc gh'en in the preceding feport ' . 

• Se<. numbered HSI of referenees on page 15. 
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The two methods'· 3 of measuring heat production, closed. and open.circuit, 
were used as checks for detecting gross errors and thus preventing continued 
improper operation of apparatus. The open-circuit method is undoubtedly 
more reliable because it is physiologiCIIUy more normal for animals to breathe 
normal room air by the open.circuit method than to rebreathe the humid (80 
to 900/'0 relative humidity) oxygen-rich mixture by the dosed·circui t method. 
The high humidity of the closed-circuit air must depress evaporative cooling 
from the respiratory tract, a serious matter at high temperatures, as it was 
shown" by the open·circuit method, that up to 30 per cent of the total heat pro· 
duced by the animal may be dissipated by respiratory vaporization at high 
temperature and moderate relative humidity. 

DATA 
The data for the different temperature levels are given in Tables 1 to 9. 

The more important data relating to the period of rising temperature, 50" to 
IOS"F, are shown in Fi~. 1 and 2; the corresponding data for the period of 
declining temperature, 50" to 9"F, are brought together in Fig. 3. Control data 
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(50" F temperature level) are included for both periods. A fu rther analysis 
of the change!! in heat production at both increasing and decreasing tempera­
ture in relation to surface area, milk production· (FeM) and feed consump­
tion· (TON) is made in Figs. 4 and 5. Tables 6, 7, 8, and 9, which report 
valuable data but are not discussed in the text, a re included in the appendix. 

In preceding experiments to study the effects of increasing and decreasing 
temperatures on Jersey and Holstein cows" J, it was found that the responses 
to increasing temperatures became critical for heat production and pulse rate 
above SO"F, and for rectal temperature above 70"F. The respiration rate in­
creased most rapidly between 70" and 90°F. Decreasing temperature, SO" to 
S"F, increased the heat production up to 30 per cent in Holsteins and up to 
35 per cent in Jerseys, and caused somewhat parallel but lesser changes In 

pulse rate. Rectal temperature, however, remained at the usual level. 
The results of the present experiments a re summarized below: 

"The dat. On milk production, feed consumpt;nn, and body ... eight ' ,.,lre taktn from 
tht prtceding bullttin'. 
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EFFEcrs OF INCREASING TEMPERATURE, 50" TO 105"F 
Heat production (Fig. 1) at the 5O"F Control temperature vuied between 

800 and 1000 Cal/h r. in the Holsteins, 600 to 700 Cal/hr. in the Jerseys, and 
450 to 500 Cal/hr. in the Brahmans. The lower heat production in the Brah· 
mans than in Jerseys of approximately the same body ..... eight WIJ unexpected 
and ..... ill be referred to again. 

Elevating the environmental temperature from 70" to l00"f decreased the 
heat production ahout 35 per cent in the Jerseys and Holsteins hut only ahout 
10 per cent in the Brahmans. 

Pube rates varied comiderahly bet"'een the individual Control COWl at 
SO" F ( f ig. 2, upper r ight) but were closely grouped about an average value 
of 61 beats per minute in the Experimental co .... s ( fi g. 2, upper left) at tern. 
peratures between 69" and SO"F. The pulse rate decreased slightly in the Brah· 
mans at WO F, and shuply in the Jersey. and Holsteins bet ..... een SO" and W °r­
The pulae rate il1creaJed in all cows 81 lOS"f. 

Rectal temperature began to rise in the Jerseys and Holsteins at about 
7S"f, and in the Brahmans at about 9O"f i at lOS" environmental temperature, 
the teCtal temperature exceeded l08"F in the Holsteins and in one of the Jer· 
seys; and exceeded l06"F in the Brahmsnt. 
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f i,:. I.-Hut produuion rer animal in Snlt",.n, Jeney. and Holstein OOWI .... fun.,. 
lion of riainlt temperatuTt, 51 to lOSor for the EJ!)'etimenul co"'s, and of constant soor 
te""penotUl'!: fo. the Control co_ Bolh the open-circuil CII"'"eII (top) and 1M do.ed-eircuil 
eu .... a (bouom) shnw noticeable di/lerenee5 in helot prodUClicon le'-ds in Snlhm ... Ind Jer­
ICy co .... of approximately ~ IoIme body weighl at temperllu~ below 9S· F. 

Respiration ratts (Fig. 2) rose in S-shaped cun'es in the Je rseys and Hol­
steins, rising most rapidly between 69" and 9O"F, and Rattening out at about 
9S"f . Little rise occurred in the curves for the Brahmans at temperatures be­
low SO"F, but above soor and up to 105°f they Tose rapidly without flattening 
out. exceeding the highest levels reached in the Jerseys and Holsteins. 
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Fil> 2.-Pulse rate, recl.l temperature, and ~pira!;on r.te u functiortl of r llJnjr tern, 
per.tu~, 51 " to IOS"F, for the Experimental <'0"''' and of conSlant SO°F temper.tuTe for 
the Control CO"'1. These curves illustrate the ~~.ter hut toleran~e of the Indi.n th.n Ihe 
Europeln·evoh'ed «1"'5 to environmental tempeTalu~ .bo"e 7So F, 
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EFFECTS OF DECREASING TEMPERATURE, :;0' TO 9' F 

H eat production (Fig. 3) increased on the average 15 per cent in the 
Holsteins. 20 per cent in the JeT$eys, and 50 per cent in the Brahmans as the 
temperature was decreased from 50' down to 12' or 9' F'. 

FilL 3.-Heat production, pulse ,.te, rectal I.mperotu~, "nd ,,,,,piTalion rale .. function, of 
d""rc .. ;n~ temperature, SO' to 9 ' F in the E~perimental oo""s, and of oon<lanl so' r temperalure 
in the matched Control COW". 

Pulse \'ates similarly increased slightly in all cows, increaSing mOcS! in one 
Brahman cow fro m 63 beats pcr minule al 4Q' F 10 71 beaLS per minute at 9°F. 

Rectal temperature remained at the normal level (wi thin the usual limits 
of diurnal variations). 

Respiration rat cS per minute de(:Teased from about 25 to 15 in the Hol­
steins, from 20 to 14 in the Je rseys, and from 14 to 12 in the Brahmans as 
the temperature decreased from 50' to 9 · F. 
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DISCUSSION 
This report confirms the preceding ones in showing that increasing environ· 

mental temperature above 70' to BO°F increases the rectal temperature and 
respiration rate, and decreases the heat production and pulse rate in European. 
evolved co,,·s·; and it extends the ohservations to Indian·e,·olved cattle, demo 
onstrating for the first time that these cows undergo similar changes beginnins. 
however, not at 70' to SO' r but at about 90" to 9S· r. These obser'·ations 
would not be expected on the basis of investigatic:'ns on man, because man 
shows no such changes at these environmental temperatures; and when man's 
rectal temperature increue5 as a result of fever, naturally or artificially in· 
duced, his heat production increases approximately in accordance with the rule 
of van' t Hoff and Arrhenius5. I. 

A possib le explanation of the decreasing heat production with increasing 
temperature, 50' up to loo" F, may be found in the decrease in feed consump· 
tion and milk production; and this relation of heat production with feed intake 
and milk production may provide also an expl.nation of the low heat produc· 
tion of the Brahman cows at 50" to SS"F in comparison to Jersey cows of about 
the same weight. At the 51 ' r temperature level, Jersey 994 - weight 758 
pounds, production 37.5 pounds rCM, feed consumption 19.6 pounds TON per 
day - had a heat production rate of 711 Callh r. The two Brahmans - weights 
710 and 743 pounds, p roduction 11.5 and 7.4 pounds rCM, feed consumption. 
11.8 and 11.2 pounds TDN per day - had heat production rates of 477 and 
516 Cal/hr. respectively. It is, of course, also possible that Indian cows have 
an inherently lower basal metabolic rate than European cows. 

The rate of blood circulation in the various regions of the skin--especially 
dewlap, nlivel flap, and ears- may be differently affected in the two categories 
of cattle by the changing environmental temperature and thus affect the rates 
of heat loss. 

The decline in heat production with increuing temperature may also be 
partly due to declining thyroid activity ... ·ith increasing temperature as has been 
demonstrated on rats' or to changes in other endocrines, especiaJly the adrenals. 

In view of the considerably lower heat production in the Brahmans than 
in Jeneys of the same weight in the optimal temperature zone (Fig. 1), it may 
be !uggested that the Brahmans relath'ely (in compa rison to the high milking 
Jerseys ) have lower thyroid acth·i ty. Unpublished data by others on this pro· 
ject, however, indicate lhllot Ihe protein.bound iodine was slightly hi gher in the 
Brahmans than in the hi@:h milking Jerseys. Further in,'estigation of this ques· 
tion is needed. 

·At lOS ' F' {"hambe. temperllure. the {"OWl were "ery weak and their rectal temlle.a· 
IU.es ran lied hetween 106" .nd l09 ' F'. Under these condition. it was '-.:ry difficult to obtain 
rep.esentat;-'e heat p.odurtion meuu.ement~. as the ule of the mask, e"en with the open· 
("irruit Ip~aratus. tended to depress their re!piration rate, FoHowin". su{"h lests they pAn ted 
"ery huvily. espe<:ially ,,·ith the dosed·d.ruit method. The pulse ratea did me in all 
to .. '. I' lOS"F' chamber temperature, and ... Ihe "'".nflea in pulse .ale tend in _enerAI 10 
parallel the ch'nl'es in hel! p.odu.c:tion, it is possible Ihlt • rise in heat ~rodu.c:tion. nol 
shown by the dill, did occur It these extremely high rtelll temper3 tures. 



12 MISSOURI ACRI CU LTU RAL EXP!;RIME1'iT STATION 

10 I 
1800 
1600p.,,,.J--l---I----l--w:I 

I&x:j--

16001--

j-9</4 -
j -212 0--0 
8-190 _ 
B-2o'i' _ 
1i-109 ...... 
1i-7. 0-'''' 

I 
II 

/ 
/ v 

---

rWINTER 1949-;0=:~ 
j-9~7 
j-977 

~ 8-190 
.-20< 
1i -1l6 

~ Ii-l~ 

> -0 

. -< 

Fig. 4.-Ratio of heat production to milk prodUClion (top) and to total disestible nutri. 
~nt consumption (bottom ) for both inNeuing and dec reasing tempen.turea. 

Fig. 4 shows curves relating Cal/lb. TON and Cal/tb. FCM with changes 
in chamber temperature. Since the ratio Cal/ib. TDN rises with increasing 
temperature, the pounds of TON must decrease at a faster rate than heat pro· 
duction; apparently the heat production at high temperature is associated, 
in part, with loss in body weight. Holstein 109, which lost the most weight, 
did indeed sho'" the greatest rise in Cal/lb. TDN. The curves for eal/lb. FCM 
tFig.4) show considerable variation between cows. 

It seems unbelievable, in the light of the large literature' · G demonstrating 
the applicability of the van't Hoff Arrhenius rule to physiologic rate processes, 
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Fig. 5.-Heat production pet unit surface area in Brahman, Jersey, and Holslein COWl 
u a funclion of ;nc~u;ng temperatur~ (left) and dtcreUinll temperalure (right). The 
ell,.·ea made up of open circles wilhout conneclinp: linea represent en!ier lellS on dry HoI· 
slcin CO .... 1. 

that ri~i ng body temperature should not increalle the rate of tissue metabolism. 
The total metabolism may be the algebraic lum of the raised metabolism (in 
accordance with the van't Hoff Arrhenius rule) and the lowered metabolism 
due to lo"·ered endocrine activit)', feed consumption, and milk production. 

Another st riking result is the ri lle It about 90' to 9S' F in rectal tempera­
ture Ind rellted changes in Brahmanl in contrlst to the rise at about 70' to 
BO ' F in the Jerlle)'s and Holsteins. This evidence or grealer heat tolerance in 
the Brahmans is apparently not enti rely due to greater sweating rates as thei r 
rectal temperatu re was only slightly below that in the Jerseys at lOS' F envi r. 
onmental temperature. The difference seems more probably due to the 12 per 
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cent" greater surface area in the Brahmans than in Jerseys of the same ,.,-eight. 
which enables the Brahmans to dissipate heat futer. This greater .surface area 
per uni t weight and coru;equent greater rale of heat dissipation by oonveclion, 
radialion, and v'porization from the targer surface area may suffice to main. 
tain body temperature and related processea approximately normal up to 90°F, 
hut not up to 100· or 105°r. If this reasoning represents the facts, increased 
.surface Irca rather than increa~ed sweat gland activity per unit surface area 
may he the explanation for the greater heat tolerance of the Brahman cattle. 

Fig. 5 shows the changes in heat production per unit surface area with 
increasing and decreasing temperatures. It is intere!ling to nole that Ihe heat 
production of the dry Holstein cows (data from previous experiments repre· 
sented by open circles without connecting l ine.!!) like that of lactating cows, 
wu depressed by increasing temperature up to about lOO· f. It appears from 
these few data that the thermoneutrality zone in the Brahmans ( the zone of 
minimal heat production at normal rectal temperature) lie.!! between SO" and 
SO"F, while the preceding report on Jerseya and Holsteins3 located their ther· 
moneutrali ty zone between 4{)" amj·60' F. 

· Meuuremenu m.de on these caule by mean. of a lunace integrator and .110 by di · 
reet linear me&lurementl indicate that ~c.1lIC of thei r IUj:(e dewlap, ea .... na,·d Alp. and 
hump, the Brahmanl have .bout 12 poer ecru more are. Ihan Jerseys of the .. me "'eiShl. 
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SUMMARY AND ABSTRACT 
Data are presented on the inAuenc::e of increasing temperature, SO" up to 

105 ' F, and of decreasing temperature, SO' down to 9'F, on heat production 
and cardiorespiratory activities in Brahman, Jersey, and Holstein cows. The 
results confi rm previous reports on European.e\·olved Jersey and Holstein cows 
that increasing environmental temperature above the critical level, 70' to aO' F, 
increases rectal temperature and respiration rate, and decreases heat produc· 
tion and pulse rate"; and demonstrate for the fi rst time that the critical level 
in Indian·evolved Brahman cows is not 70 ' to aO' F, but 90 ' to 9S' F. The 
greater heat tolerance of the Brahman cows abo\'e 70' to SO' F does not appear 
to be a.ssociated 50 much with greater sweating rate per unit surface a rea, since 
they developed almost as high rectal temperatures at 10S ' F environmental tern· 
perature as Jersey cows of similar body weight, as with their greater surface 
area per unit weight with resulting greater heat d issipation below 9S"F by 
convection, radialion and vaporization from their larger surface. The lower 
heat production of these Brahman cows-associated perhaps with their lower 
milk production and feed consumption, and pO!llibly wi th an inherently lower 
basal metabolism-may also be a factor in thei r greater heat tolerance. 

Decreasing the tem perature from 50' to 9 ' F did not affect the rectal tern. 
perature; decreased the respiration rate morc in the HolStein and Jersey than 
in the Brahman cows; and increased the heat production more in the Brahman 
than in the Jersey and Holstein cows. 

Numerical details are given in the text and tables. 

'The pulse r.le increased in all CO"" al los" r a. Ihe rectal tempcr.ture re.ched hi,:b 
IC\·el .. 106.4' 10 108.6' F. 
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APPEN DIX 
Tables 6 , 7, and 9 include data on the Tiles of oxygen c:onswnption, carbon 

dioxide prod uction, methane production, and pulmonary ventilation. Table 8 
records the rate of metabolic weight 1058, computed as the difference in the 
rates of weight lost in the carbon dioxide and methane exhaled and the weight 
gained in the oxygen consumed, and to be used together with the rate of insen· 
sible weight 10$5 in a subsequent report to e!timate total evaporati'Ve weight 
luss. 
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TEMPERATURE 
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