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ABSTRACT 

The exp eriment consis ts of two p arts : the Main trial 

a nd Radiant heat stress trial . 

1.  Ma in Trial . The effects o f  temperatur e ,  breed typ e ,  

die t  types a nd th eir intera cti ons on feed intak e ,  

digestibi lit y ,  liveweight gain ( LWG ) and Water intake 

were examined in the Main tria l . E ight Friesian ( F ) and 

eight Brahman x Friesian ( B F ) castrated male calves ( 6  
months old ) w ere allocated to b e  fed on the High r ati on 

( pe llets ad l i b . + 10% of the total feed dry matter a s  hay ) 

a nd the Low r a ti on ( hay ad lib . + 10% of the total feed 

dry matter a s  pe llets ) ,  and to be kep t  in a hot room 

( 34 . 5° C ,  4 5% RH ) OR a cool room ( 16 . 9 ° C ,  86% RH ) for a 

p eri od of 59  days . There were ei ght indi vidual treatments , 

with two anim a ls on each treatment. 

The calves in the hot room had a 

s igni ficantly lower dry ma tter intake (DMI), diges tible 

ene rgy intak e  (DEI) and LWG tha n those i n  the c oo l  room . 

The calves fed on the High ration had a signifi cant l y  

higher DMI, DEI and LWG tha n those fed o n  the Low r at ion, 

B F  c alves had a signi ficantly higher DMI , DEI and LWG 

t han F calves when fed  the High rati on in both the hot 

a nd cool rooms , but the two breeds had very similar f eed 

intakes and LWG when fed the Low ration. 

In the hot room, there was a s l i ght but 

s ignific ant increase in dry matte r  and energy digestibilities , 

but not appa r ent ni trogen digesti bility .  

The Water intake was s ignifi cantly higher 

in the hot room than in the cool room . The water intake b y  

B F  c alves fed the Hi gh ration w a s  signific antly higher than 

other treatments due to their higher DMI. The calves fed the 

High ration had a significantly higher water intake than 

those fed on the Low ration in the hot room and thi s was 

also  mainly a reflection of the higher DMI by calves fed 

the High rati on . 



2 .  Radia nt Heat Stress Tri a l . The e ffects of  exposure 

t o  simula te d  sunshine on feed and water intak es were 

investiga ted in thi s trial . Six anima ls ( 4  B F, 2 F )  from 

t h e  hot rooms in the Main Trial  were exp osed to a r a diant 

heat  load for 8h dai ly during a period o f  two weeks , 

fo l lowed o r  preceded by a p eri o d  of two w eeks in the 

a bs ence of a ra diant heat load in a hot envi ronment 

( 30 . 0 - 3 3 . 1°C )  and fed on a hi gh rougha ge di et ( 500g 

p ellets + h a y  ad li b . ) .  

There was no s i gnificant reduc tion in DMI or 

increase in water int ake when the c alves were exposed 

to  the r adiant heat load in a h ot envi rorunent . 

In b oth the Main and Radiant He at Stress Tri a ls , 

the rectal t��eratur e  as heat stress indicator di d not 

correlate well with the DMI an d LWG of B F  and F c alves 

under heat s tress . 



I N T R 0 D U C T I 0 N 
============ 

T he re i s  no doubt that beef pr oduction in t rop i cc:�l 

countrie s could be subst ant ia lly incre ased. However ,  

during the l a st twenty y e ars , production inc re ases  have 

been main ly due to gre ater numbe rs of c attle and 

bu ffaloes . There  has been no increase in me at p ro duct­

ion per he ad of c attle (J asio rowok i ,  1 9 7 6 ) . The main 

re asons for this a re : -

1 1  

a. Unf avour ab le climate . The t ropical are as  are 

characte ri z e d  by c l imates whic h  are b asic ally unsuited to 

livestock . Temper atu re and r adi at ion a re high ,  r ainf all 

is excessive or  sp arse and usu a lly badly dist ri buted in 

re lation to the needs of p asture . 

b. Poor nut rition . Mo st of the beef i s  p rodu ced 

on natural gr ass l and s ,  the p roductivity and nutritive 

value of which are low . 

c .  Low genet i c  potenti a l . The potenti al growth 

rate of t ropical c att le is lower than t empe r at e -type 

c att le , and the re has been p r a ct ic ally no attempt to 

improve t he economic characte ristics of catt le in t he 

tropic al c ount ries . 
• 

d .  Disease s ,  ins ects and pa rasites . These are also 

import ant limiting f actors to beef production in the 

t ropic s . 

e. Social constraint s . Re ligious and so c i a l  t aboo s 

make techno logical advancement of livestock p ro du ct ion 

difficult to implement even when expe rtise exist s ,  which 

in itse lf i s  a rarity . 

It i s  often assumed that B .  t au rus are best suited to  



1 2  

conditions of  good nut rition , the absence of  c limatic stre s s  

and goo d management whe re as � indicus pe rfo rm bette r  in 

poor. nut�itional ci rcumst ances and under conditions of  consi­

de r able st ress . The o bj ectives of  the p re s ent experiment 

were to study the perfo rmance of Brahman x F ries i an ( F l )  

and F riesian c alve s when fed ( i )  two types of diet s in 

a hot and a coo l environment ; ( ii )  a high roughage diet 

in an envi ronment with o r  without radi ant heat lo ad . 

The experiment cons ists of two parts . The main 

experiment was designed to examine the effects of t emperature , 

bree d  type , and diet type on feed int ake ,  di gestibility , 

liveweight gain and wat e r  int ake in Brahman x F ries i an (BF ) 

and F riesian ( F ) calve s fed high and low roughage diet s 

in a hot and a cool environment . Of maj o r  inte rest is the 

po ssible -int er action between the effects of the breed 

and he at stres s ,  in orde r  to assess whethe r BF calves have 

a productive advant age o ver F c alves under he at stress in 

term of vo lunt ary feed and water intake s ,  digestibility 

and growth r ate , As t ropical c att le feeds are mainly of 

the high roughage typ e ,  it is also of gre at inte rest to 

f ind out whether BF c a lves c an make a better utilization 

of high roughage diets in he at stress than F calves , 

i . e .  breed x diet x temperature intereactions . 

In the t ropical gr azing conditions , r adi ant he at 

represents an import ant part of the tota l he at stress . 

T hu s , r adi ant he at lo ad was simu l ated in the second p art 

of the experiment , to assess the effects of  r adiant he at 

on volunt ary feed and w ater int akes in t he he at-acc limatized 

BF and F c alves fed a high roughage die t . 



1 3  
C H A P T E R 0 N E 

REVI EW OF LITERATURE 

The emphasis  o f  the l i t era ture review i s  on the e f f ec t o f  ho t 

c l ima ti c  condi t ions ( high air tempera ture and rad ia t io n) on voluntary 

f eed  and wa ter in take , d iges t ib il i ty and g rowth of  ca t tl e  in r el a t ion 

to breed and d ie t . As there are many o ther fac tors which a f f ec t 

the se parameters , they are a l so briefly revi ewed. A knowl edge o f  the 

mechanisms involved in the control of feed and wa ter intake is  

essen tial to the und ers tand ing o f  the var io u s  eff ec ts on  these 

mea surements , thu s ,  they are a l so inc l uded. 

The forma t taken in an a t t emp t to cover a l l  thes e  aspec ts i s  

shown i n  the con ten t .  

I VOLUNTARY FEED INTAKE IN CATTLE 

Pro f i table an imal produc t ion almo s t  always requires an e f f ic ient  

conver s ion ,,f feed into an imal products . Much research effort  has 

b een devo ted to a t temp ts ro improve conve r s ion rates. Mo s t  efficient 

f eed conver s ion is  a c h i eved when the anima l i s  abl e to obta in from the 

f eed consumed a maximum amount o f  nu trien t s  for produc t iv e  purpos e  over 

the inev i table losses  dur ing me tabolism ( Bal c h ,  1 97 6 ) . The s impl e s t  

method o f  increasing t h e  propor t io n  o f  a d ie t  devo ted to produc tive 

purpos e s  i s  to  inc rease the amount of  f eed in take . The ma in fac tor 

de termining the rate  o f  grow th o f  ruminants i s  their intake o f  

diges ted nu trien t s  (Osbourn, 1 9 7 6 ) . 



1 .  The Con trol  o f  Vol un tary Feed I ntake 

14 

The balanc e  b e tween feed intake and energy expend i ture , which can 

be maintained in mo s t  anima l s  over long per iod s ,  despi te considerab l e  

var ia t ions in the na ture o f  d ie t  and the l evel of  energy demand 

ind ic a tes the exi s tenc e  o f  mechanisms contro l l ing feed intake (Hervey , 

1 9 6 9 ) . 

Accord ing to Mayer ( 1 9 67 ) , vol un tary f eed in take i s  regula ted 

broad l y  be tween ' summ i t  me tabo l i sm' and 'ba sal metabol ism'. Wi thin 

these large ' b iome tr ic margins ' ,  add i tiona l  regulations are nece s sa ry. 

These addi tional regula tions involve the sho r t- term , generally day to 

day, regul a t ion of e nergy in take which adj u s ts intake to requiremen t ;  

and in the long term , there i s  the regula t io n  o f  body reserve s . I t  

corrects  the errors  o f  the sho r t- term mechanism involving ei ther 

exc e s s ive or def i c i t i n takes . 

The errors  o f  adjus tment in the control of  f eed intake over a 

sho r t  period of t ime can be l arge , but the co rr�latio n  b e tween inpu t 

and o u tput improves  if  a longer period i s  consid ered (McCane , 1972 ) . 

1 . 1  The Central  Nervous Sys tem and Vol untary Feed Intake 

There are many good rev iews on this sub j ec t: Davey ( 1 9 7 3 ) , 

Ba il e and Forbes ( 1 9 7 4 ) , Baumgar d t  ( 1 969 ) , Anand ( 1 96 1 ) , Brobeck ( 1 960) , 

Mayer ( 19 6 7 )  and Gro s sman ( 1 9 6 7 ) . 

Ul t imatel y ,  the brain is  the prime con t roller of  f eeding . The 

bas i c  control sys tems invo l v ing the c entral nervous sys tem ( CNS ) have 

fac ila tory and inh ib i tory mechanisms s temming from the higher nervou s  
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l eve l s  which are  superimpo s ed o n  reflex a c t ions opera t ing through lower 

lev el s  in a hierarchal organisa tio n. 

At the lowe s t  l evels are the spina l  cord and brain s t em which take 

par t  in such f eed ing re spons e s  as chewing, sal iva ting and swallowing , 

e tc . , and a l so in rej ec tion o f  unaccep tab l e  obj e c t s  ( Brobeck ,  1 960) . 

Thes e  responses a r e  probably r ef l ex in nature . Food serves a s  a 

s t imulu s  for the s e  refl exes and awareness o f  food brought abo u t  

thro ugh any sensor y  means ini t iates t h e  f e ed ing reflexes . 

The nex t l evel invo l ves the hypo thal amus , which is  d irec t l y  

invol ved in the r e gula t ion o f  feed in take and energy balanc e. 

Regula t ion o f  food is b rought  about  by the two ma in "c entres" in the 

hypo thalamus: sa t iety c entre in the vent romedial areas and f eed ing 

c en tr e  i n  the l a teral area o f  the hypo thal amus . The f eed ing c entre 

fac i l i t�tes  and the sat ie t y  c entre inhib i t s  the feeding reflexe s . 

At the highe s t  level s ,  the l imb ic sys tem and neocor tex are 

invo lved in f eed i n take co ntrol . These c erebral struc tures are  

involved in feed ing behaviour , prej ud i c es , sel ec t iv i ty and o ther 

comp l ex in tegra t ions  wh ich f inally  de termine wha t and how much an 

animal will ea t ( Baumgard t ,  1 969) . However , conclusiv e  informa tion i s  

no t ava ilable t o  p ermi t a c lear-cut desc r i p tion o f  the exac t mechanisms. 

1 . 2 S ignal s  to the Regula ting Sys t em 

A change in  the energy balanc e or  s ta tus o f  an animal prod uc e s  a 

f eed-back s ignal which u l t ima tely i s  integra ted in the hypo thalamus 

( Baumgard t ,  1 9 69 ) . A long and continu ing search for  such s igna l s  has 
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l ed to the conc l u s ion tha t there are a var i e ty of  s igna l s ,  any one of 

which may predomina te at a giv en time . Brobeck ( 1 960 )  has summed up 

the var ious fac to r s  which hav e  b een sugges ted by d i f f er en t  workers . 

The impor tant ones are : 

( i )  

( i i )  

( i i i )  

( iv )  

( v )  

Physical  signa l s  

Chemo s ta tic theory 

Lipo s ta tic theory 

Thermo s ta tic theory 

Jr ' me ta bo l ic s ignal s '  

Wa ter c o ncentra tio n  in cell s - i . e .  correla t ed wi th wa ter 

intake 

They can be d iv ided into two classes : physical a nd me tabo l ic 

s ignal s .  The 'physical s igna l s ' are no t l i terally phy sical a s  they a l so 

have a neural ba s i s  (Davey , 1 973 ) ; they ref er to signa l s  tha t are 

tr iggered by dis tens ion . "Me tabolic s ignal s '  refer to s igna l s  tha t 

a re triggered a s  a resul t o f  me tabo l i sm or even ts clo sely  r ela ted to 

me tabo l i sm .  

Ra t ions  tha t are  low in nu tr i tive value (due to e ither low 

d iges tib i l i ty or high bulkiness)  are consumed a t  a low l evel b ec ause  

the  phys ical capac i ty of the d ig e s tive trac t impo ses a l imit  to 

fur ther in take before the l im i t  impo sed by me tabol ic s ignals has b een 

achieved , i . e .  physical s ignal s inhibi t  fur ther intake . .As the 

nu tri t iv e  value o f  the ra tion i s  increa s ed , both f eed and energy 

intake inc rease until  energy i n take reaches the po int s e t  by the 

physiological d emand s of the par t icular anima l . Fur ther inc reases in 

the nu tri t ive  value of  the ra t ion  are accompanied by a decrease in 

f eed intake of  a magni tud e to a ll ow a pproxima tely s table energy intake , 

i . e .  me tabol ic s igna l s  inhibi t  f u r ther inta ke . This dual  control o f  



f eed i ntake as  d i scus s ed by Davey ( 19 7 3 ) ; Forbes ( 1 9 7 0 ,  1 9 7 7 ) ; 

Conrad et�- ( 1 9 64 ) ; Montgomery and Baumgardt ( 1 9 6 5 ) ; Baumgar dt 

( 1 969 )  and ill ustrated in F igure 1. 

1 . 2 . 1  Phys ical  S igna l s  

1 �· 

There is suf f i c ient evid ence in  ruminant animals r eviewed by 

Baumgardt ( 1 9 7 0) and Ba i l e  and Fo rb e s  ( 1 9 7 4 )  to sugge st that meter ing 

o f  f eed i n  the mouth , pharynx or o esophagus is not an important 

signal in normal regul ation o f  f e ed intake . 

It is unlikel y  ther efore that exhaustio n o f  the salivary glands, 

o r  fatigue of the jaw mus c l es limits or acts as  a c o ntrol of f eed 

intake . Al so ther e is  no evidenc e  that a quantitative mo nito r i ng o f  

t h e  volume o f  f eed swallowed might influenc e f eed ing (Baumgard t, 1 9 6 9 ) . 

Ga stric di stensio n ,  on  the o ther hand, i s  known to b e  an 

importa nt satiety s i gnal under some f eed ing cond i t ions . Many 

experime nts have been carr ied out to investigate the c hange in f eed 

intake in respo nse to r umen f illing. In the case o f  ruminants b e ing 

fed h i gh-ro ughage ratio ns, d i stension i s  the p r imary s ignal inh ib iting 

feed intak e . This subject ha s b e en reviewed by Baile and Forbes 

( 19 7 4 ) ; Fo rbes ( 1 9 7 0) and Davey ( 1 97 3 ) . 

Dis tension and tens ion r e c e ptor s  are locali zed in the gas tro­

intestinal trac t ,  and d istension in these areas increases  the 

elec trical activity in the vagus nerve and in the sa tiety centre in 

propor tion to the amount of d i stens ion impo sed ( Baumgard t ,  1 97 0) . 
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t he 
Fac tors whi c h  af fec t jphy s ical  l imit o f  feed intake are  the s i ze 

and capa c i ty o f  the reticulorumen ,  and the rate of d isappearance o f  

the d iges ta . The l a t ter i s  a func t ion o f  the ra te o f  d iges t ion  

(microbial d iges t ion  and mechanical d i s in tegra t ion) , ra te  o f  passage o f  

food res idues and the mo tib i l i ty of  al imen tary organs ( Campl ing , 1 97 0) . 

Various phy s iological processes  such as  growth , ges ta t ion , lac ta t ion  

and the  nutrient s ta tus of  the  animal can  mod ify the capac i ty o f  the 

reticulo rumen and po ssibly  the fac tor s  responsible for  t he breakdown 

and removal of d i ge s ta f rom the rumen . These will b e  d iscussed in 

sec tion 1 . 2 .1. 2 . 

I t  is  evid en t tha t phy s ical  fac tors a lone are no t so l e l y  

responsible  f o r  regul ating t h e  f eed intake o f  ruminants  under a l l  

cond i t ions al though they a r e  l im i t ing wi th c er ta in roughage d i ets . I t  

i s  po i n t ed ou t b y  Campl ing ( 1 9 70) tha t wh i l e  it i s  convenien t to 

sepa ra te phys ical from me tabo l ic factors  contro l l ing intake , i t  s hould 

be  real ized tha t these are no t necessar i l y  independen t  a nd tha t it  i s  

unl ikely tha t any o n e  fac tor (or  groups o f  f actors)  w i l l  be  

universa l ly respons ible for  regula t ing voluntary in take . 

1 . 2 . 2 Me tabol ic S ignal s  

Ana bol i sm and ca tabo l i sm ( which make up metabol ism) resul t in 

changes o f  metabo l i te level s and hea t produc t ion,  which may a c t  a s  

f eedbac k  s igna l s  f o r  volunta ry f eed intake . There are  three  main 

theor i e s  propo sed in an a t temp t to iden t i fy the s ignals involved . 

Thes e  a r e : Chemo s ta t ic ,  Lipo s ta tic and Thermostatic Theori e s . 
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1 . 2 . 2 . 1  Chemo static  Theory 

The fac t tha t appe ti te in man and non-ruminants r esponded to the 

rate o f  gluco se util i za t ion l ed Mayer ( 1 9 5 5 )  to identify  a gluco se  

s i gnal a s  o ne component in the regula tion o f  f eed intake r e ferred to as  the 

Gluco s ta t i c  Theo ry .  

Availab l e  evidenc e indica tes tha t the gluco s ta tic sys tem appl ies 

only to monogastrics  and is no t o pera t ive in ruminants . N e i ther the 

intravenous infusion o f  gluco se nor intraperitoneal infusion to 

resembl e  abso rp t ion from the d i ge s t iv e  trac t ,  produces  sa t i e ty in 

ca t tle  and sheep (Manning et al . ,  1 9 5 9 ) . Thi s  can b e  rela ted to the 

compara tively low blood glucose l evel of ruminants and to their 

increased dependence on volatile  f a t t y  acids (VFA) as  energy sources 

when compared wi th non-ruminants . 

The VF�s are an impor tant energy sourc e  for ruminants and have 

characteris tics tha t make them pos s ible fac tor s  for control o f  feeding , 

namely ( Ba i l e  and Mayer , 1 9 7 0 ) :  ( 1) they a r e  produced i n  the 

fores tomachs a nd are mo s tly absorbed prior to passage into the abomassum, 

( 2 )  their ra tes  o f  produc tion and abso rp t ion are closely rela ted to 

feeding behaviour and , ( 3 )  the intraruminal inj ec tion o f  VFA decreases  

feed intake of  c a t tle . 

Feed ing responses to admini s tra t ion  o f  the three majo r  VFA d i ffer . 

These are rev i ewed by  Baile and May er ( 1 97 0 ) ;  Baile and Forbes ( 197 4 ) ; 

Davey ( 197 3 )  and Pres ton and Wil l i s  (197 5 ) . Acetate has rec e ived 

more a t ten tion as a po s s ible sa tiety s ignal than the o ther VFA b ecau s e  

i t  is  produced and abso rb ed i n  grea tes t quanti ties i n  ruminant s. 
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Though the exac t mechanism b y  which the VFKsregul a t e  f eed intake 

has no t been el ucida ted , i t  is  probab l e  that a c e tate and prop iona te  do 

play a par t in the rol e  of hunger-sa t ie ty s ignal sys tem in r uminant s . 

Butyrate probably  has a l ess impor tant rol e  in  f eed control s igna l l ing . 

The amo unt o f  VFA ' s  produced influenc e s  the rumen pH ; the e f f ec t s  

o f  these changes in rumen fluid p H  o n  f eed intake are uncl ear . I t  i s  

l ikely  that f eed intake is depress ed when rumen p H  fall s b elow 5 . 5  

b ecause o f  the rumen s ta s is tha t resul t s  (Dirksen,  1 9 7 0) . Baile and 

Forbes ( 1 9 7 4 ) af ter reviewing the s ub j ec t conc l ude tha t rumen pH i s  

unlikely t o  a c t  as  a p hysiological contro l l er o f  intake , a l t hough under 

pa thological cond i tions it may be a pr inc ipal cause of an accompanying 

hypophagia . 

1 . 2 . 2 . 2  Lipo s ta t ic Theory 

Kenned y ( 1 9 5 3) had propos ed a '11po s ta tic1 theory which po s tula t ed 

the 
tha t  "in/long run , the hypo thalamus mod ifies the general l evel of f eed 

intake and bodily ac tivi ty in response to changes in bod y  f a t" .  May er 

( 19 5 5 )  con tend s tha t al though the s hor t- term regula t ion is "chemos ta t ic" , 

the long- term regula tion of body reserves is "l ipostatic" . 

The amount o f  body f a t  provide s  an integra ted record o f  the energy 

balanc e  and no o ther physiological q uan t i ty could ac t in the same way 

(Hervey , 1 9 7 1 ) . Fa t is  continuously  being mobilized f rom f a t  depo ts  

for  use  as  a n  impo r tan t energy sourc e .  I t  i s  released f rom the f a t  

tissue as  f r e e  fa tty  acids  ( FFA) bound to albumin . The metaboli te  

or perhaps  the  hormones involved may serve a s  the feed-back signal . 
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There are some experiments  which showed that FFA changes or the 

assoc ia ted hormones in l i p id me tabol i sm are  r ela ted to the regula t ion 

of voluntary f e ed intake ( Kennedy , 1 96 6 ; S imkins � al . ,  1 96 5a; Thye 

e t  a l . ,  1 97 0 ;  Trekl e  and Kuhlemeier , 1 9 6 6 ) . Davey ( 1 97 3 ) also 

ment ioned tha t Schinekel ( 1 9 6 0) w i th sheep, and Hut ton ( 1 9 6 3 )  w i th 

non-lac ta t ing c a t tl e  provided ind irec t evidence for the long- term 

control of f eed intake and changes in the set-point of refer ence o f  

input .  However , l i t t l e  info rma tion i s  ava il able to show tha t FFA a r e  

a cause ra ther than a n  effec t of  changes in f eed ing ( see Baile  a nd 

Forb e s , 1 9 7 4 ) . 

1 . 2 . 2 . 3  Thermo s ta t ic Theo ry 

The nega tive rela tionship of  environmental tempera ture and feed 

intake led Brobeck (1960) to pu t forward h is Thermos tatic Theory o f  

f eed intake con tro l . Brobeck and his col l egues have tried to es tablish  

his hypo thesis  in a number o f  ways . In sum ,  it  can be s ta ted tha t a 

fall  in hypo thal amic tempera ture s t imula t e s , and a rise  inhib i ts the 

hypo thalamic phagic centre . The heat ( external origin o r  f rom SDA) 

causes  the ros tral cool ing c entre to s timul a t e  the med ial sa tiety centre  

and  inhibi t  the  l a t eral app e t i te c entre . The resul t is  d ecreased f eed 

consump tion . 

There are paradoxes in this theory j us t  a� there are in  o ther s , in 

a t tempt ing to pred ic t  food intake f rom dE s i ngle parameter of hea t ,  which 

in i ts el f  is very complex . The arguments  agains t this theory are 

reviewed by Hamil ton ( 1 9 67 ) ; Baile and Forbes ( 1974 ) and Anand (1961). 
( 1 9 7 4 )  

Baile and Forbesjc o ncluded tha t "thete seems to be lit tle evidenc� tha t 

tempera ture � se acts und er mo st cond i t ions as a signal for the 
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hunger-sa t i e ty sys tem . Al though tempera ture changes during a meal do 

no t apparently have a rol e  in hunger- sa t i e ty system , c hanges o f  

environmen tal tempera ture may a f f ec t  feed i ng . "  

Al though a p r ec ise rela t ionship b e tween heat  produc t ion dur i ng f eed ing 

and f eed intake r e gulation canno t  be argued , there is no doub t tha t 

thermoregula tion and feed in take regula t ion  are  interrela t ed . 

Informa tion brough t by the v isceral a f f erent sys tems o rigina tes  i n  the 

peripheral recep to r s  for tempera ture, vasc ular vol ume , o smo tic  

press ur e  and o ther receptors for  var ious cond i t ions in the gas tro-

inte s t inal trac t .  Thi s  informa t ion; wi th tha t f rom t he c entral 

recep tors , appears to be integra ted in the hypo thalamus ( S tevenson ,  

1967 ) . The info rma tion o f  wa ter, energy and thermo regula to ry need s 

are  then ava i l ab l e  fo r integra t ion into the to tal behaviour o f  the 

anima l . Feed and water in takes are regarded as the behavioural 

thermoregul a tory responses . Fur thermore , hormonal control o f  feed  

i n take and thermoregula tion are  c losely related. Adrenal in , 

noradrenalin ,  co r ticos tero id s  involved in thermoregula tory thermo gene s i s  

a r e  connected t o  f eed intake regula tion which w i l l  be d i scussed in  

Sec t ion 1 . 1 . 2 . 4. 

Hamil ton ( 1 9 6 7 ) sugge s ts tha t  when c o nd i t ions exi s t  tha t call 

for th hea t reten t io n  mechanisms ( thermogenesis , vasocontric t io n ,  

p iloerec tion , e tc . )  feeding i s  enhanc ed . When heat l o s s  responses 

( swea t ing , panting , vasodilation,  etc.) are appropriate to c ircums tances , 

feed ing is  d epressed . Obvio u s l y ,  in a ho t environment , a point  may b e  

reached when the body tempera ture b ecomes s o  eleva ted tha t f eed intake 

suff i c ient to maintain body weigh t  would embarass the hea t regulating 
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mechanisms . On the  o ther hand , a t  low t emperature ,  increased energy 

demands wil l resul t in inc r ea sed food intake , perhaps in response to 

tempera ture through me tabol ic s ignals .  

Althougt?thermo s ta tic theory canno t b e  the only mechanism in f eed 

and water regula t ions, thermo r egul a t ion c er tainly plays a par t  in the 

integra ted control o f  f eed and wa ter in take . 

1.2 . 3  Correla tion o f  Food and Wa ter Intake 

Animals consume less feed dur ing period o f  wa ter deprivat ion  ( see 

Sec t io n  1 1 . 2 . 3 . 2) and reduce their wa ter i ntake when f eed intake is 

reduced  ( Forbes , 1 968; Calder  et al . ,  1964) . Thi s  close  rela t ionship 

of  dry ma tter and wa ter intakes led to the s pecula t ion  tha t their 

regula tion mechani sms are correlated . 

From this rel a t ionship, some workers had done fur ther quanti ta tive 

and mo re deta iled s tudies on f eed in take in response to wa ter 

conc en tra tion in body fluids . Changes in the osmolar i ty o f  body fluids  

may influenc e f eed ing o f  ruminants ( see Ba i l e  and Forbes, 1974) . 

Jacob ( 1 964) sugges ted tha t o smo tic s t imul i  which s ignal wa ter intake 

may al so do so in f eed intake regula t ion . 

Anand and Dua ( 1 958) ; Montemurro and S teveson ( 1956) ;  Larsson 

and S troma ( 1957 )  had carried o u t  s tudies to  de termine whether changes 

in f eed a nd wa ter in takes a f ter la teral hypo thalamic le isons are 

in terd ependent or i ndependen t . Anand a96 1 )  after r eviewing their 

wo rk conclud ed tha t the hypo thalamic mechanisms con trolling wa ter a nd 

feed in takes in the la teral hypo thalamus although physically 
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s i tuated a t  the same region , ac t independently. Never thele s s , the r e  

i s  s t i l l  doub t in the m ind s o f  some tha t wa ter and feed r egul a t ions ac t 

to tall y  separately (e .g. S tevenso n ,  19 64). 

Wa ter and feed intakes are related physiologically in many 1.Yays . 

A t  a higher l evel o f  feed intake , there wil l b e  an inc r ease  in wa ter 

l o s s  through faec es, mor e  wa ter used in metabo l ism ,  followed by the 

n eed to exc r e te mo re was te produc t s  via the kidneys . 

Water and food inta kes do no t always show a po s it ive correl a t ion  

and they do  no t alwa ys show tha t they are o f  equal impo r tance ( Jacob , 

1 9 64 )  . I n  many cases o f ' confl ic t '  between energy and wa ter balanc e ,  

th� fo rmer seems to have prio r i ty .  Jacob ( 1 964) recko ns tha t this i s  

phys iological l y  logical  a s  the wide l imi ts o f  excess  hydrat ion  i n  

anima l s  w ith norma l kidney func t ions allows the pr io r i ty o f  energy 

balance wiLhout threat to wa ter balance .  

Apparently, the ac tual  influence of d ry matter and f eed intake o n  

wa ter in take is  counfound ed wi th tha t o f  tempera ture, forage qua l i ty 

and diges t i b il i ty .  

l. 2.4 Ro l e s  o f  Ho rmones in Regula tion o f  Feed Intake 

Recogni zing the impor tanc e of me tabo l ic fac to r s  in influencing 

feed control , one would a ssume tha t hormonal secretions may al so 

a£fec t this regula t ion. So far , no direc t convinc ing proof exists to 

support this assumption. However, certain suggestive evidence is 

available .  
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1 . 2.4. 1 Cor t ic o s tero ids 

Hervey ( 19 6 9 )  suggested tha t adrenal glucocortico ids may provide 

communica t ion b e tween a dipose t i s su e  and the CNS . Glucoco r ticoid s 

caused increased feed intake in sheep when inj ec ted intramuscularly 

over perio d s  o f  several weeks (Ba s s e t ,  1 9 63; S uperlock and Cl egg , 1 9 6 2) . 

However , Basse t t  ( 1 9 6 3) claimed tha t intake was inc reased onl y  when 

sheep were temporarily  lt)' pophagic . Bail e a nd Mar tin ( 1 97 1 )  found no 

effec t o f  hydrocor t isone (one type o f  glucoco r t ico ids)  inj ec ted 

intravenously dur ing spontaneous meals on  f e ed intake o f  sheep . I t  i s  

l ikel y tha t cor tico s tero ids ac t indi rec tly o n  f eed intake via their 

effec t on energy me tabo l ism (Baile and Forb e s , 1974) . 

1.2.4.2 Insu l i n, Growth Ho rmone and Glucagon 

Kennedy (19 66) sugges ted ro l e s  for insulin  and Growth Hormone (GH )  

in  an integra ted scheme for Lipo static  Theo ry . I t  may be tha t the 

hypo thalamus receives a po s tmeal signal of sa t i ety a s so c ia ted w i th 

l ipogenes i s  (or insulin ) fol lowed la ter by a hunger s ignal o f  Lipo l y s i s  

( o r  GH ) . Anand ( 1 9 61) repor ted some experimen ts ind ir ec tly rel a t ing 

insul in to feed in take c ontrol , but  Bail e and Martin ( 1 97 1 )  showed tha t 

when inj ec ted into the sheep during spontaneo us feeding , nei ther insul in 

no r GH a ffec ted dail y f eed intake . 

Insul in and Glucagon have been integra ted with the Glucos ta tic Theory . 

Insul in enhanc es gluco s e  util i za t ion and lower blood sugar thus may 

s timula te f eed intake . Glucagon ,  on  the o ther hand , s timula t ing 

breakdown o f  glycogen in the l iver , may inhibi t  feed intake . The 

proo f concerning insul in  has b een d i scussed . Again ,  there is  no 

d e f inite proof tha t Glucagon is a signal for feed regula t ion , but  
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Baumgardt  ( 1 969) r epor ted tha t the admin i s trat ion o f  Glucagon u sually 

resul ts in an inhi b i t ion of f eed intake . 

1 . 2.4.3 Epinephr ine (Adrenal in) and Norepinephrine 

Epinephri ne a nd norepinephr ine are invo lved in energy me tabo l ism 

and may also inf l u ence feed regula t ion ; but  bo th depressed feed 

intake only when inj ected a t  near le thal do ses (Baile  and Mar t in ,  1 97 1 ) . 

I n  conc lus i o n , the exac t role of  thes e  hormones in f eed intake 

regu l a t ion - whe ther they ac t direc tly on  nervous c entres or i nd irec tly 

through changes in me tabol ism - is no t yet known . 

Conclusion - Volun tary Feed Intake Control Mechanisms 

Though the c o ntrol of vo luntary f eed intake is discussed 

separa tely a s  ' phys ical ' and ' metabo l ic ' means , they are no t 

indep endent  as no ted before . A s ta tement by Egan ( 1 970) may bes t sum 

up the highl y compl ex in tegra ted sys tem o f  vo luntary f eed contro l -

"Tha t a compl ex o f  i n tereac t ing physical and metabo l ic fac tors rr.ay be 

involved througho u t  the who l e  range o f  die ts  util i zed by ruminants, and 

tha t there is no t s impl y a swi tch-over to me tabol ic regul a t ion a t  a 

po i n t  where d is po sa l  of  ind iges t ible  bulk i s  no longer an embarra s sment 

or a l im i ta t ion to the to tal d iges tibl e energy intake . "  
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Extens ive reviews i n  recent years hav e  analy s ed the fac tor s  

affec ting regul a t ion  of  f eed intake in ruminants ( Balch and Camp l ing , 

196 2; Baumgard t ,  1 969; Arno ld, 1 970; Forbes , 1970; Bai l e  and Forb e s , 

1974; Journet and Remand, 1 9 7 6; B ine s , 1 9 7 6; Forbes , 197 7 ) .  

Fac to rs inf l u enc ing intake in ca t tl e  can b e  broadl y  c a t egorized a s  

being d u e  to charac ter i s t i c s  of  the animal s ,  the food and the 

environment .  All these fac tors may ac t a s  "signa l s" to influence the 

f e ed intake regula t ion . 

2.1 Animal Fac tor s 

These include gene tic fac to rs (breed ) and o thers ( phys io logica l  

s ta te ,  sex , growth and heal t h  of  the animal ) .  

2. l. 1 Gene tic  Fac tors 

There are breed d ifferenc es  in vo luntary f eed intake in ca t t l e  

(Warnick and Cobb , 197 6; A . M . R . C . , 1975; B ine s ,  1 9 7 6 ) .  In  s ev eral 

s tud ies , Fr isch and Vercoe  ( 1969 ) ,  Ro gerson et  al . ( 1 968) ;  Ledger e t  

al . ( 1970); Col d i tz and Kellaway ( 197 2) i t  has been found tha t  Zebu and 

Zebu-Bri tish cro ssbred ca t tl e  had lower f e ed intakes than Bri tish  breed s 

a t  comparabl e weigh t s  on high-qual i ty forage  ra t ions o r  h igh-conc entrate  

ra t ions  when all  a r e  ma intained in the  absenc e  of  major env ironmental  

s tresses . The vo l u n tary intake of  Zebu c ro s s  i s  probably intermed i a t e  

between their paren t breed s ( Vercoe and Fr i sch, 1974) . The inc reas ed 

appe t i t e  or food c a pa c ity o f  the Bri t ish b reeds is  regarded a s  the key 

to the higher po tential produc t iv i ty of Br i tish breeds ,  and the mo s t  

impo r tant  a t tr ibute  t ha t  the Bri t i sh breed parents contr ibute  to Zebu­

British  crosses (A.M . R . C . ,  1975 ) .  
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Gro s s  e f f i c i ency o f  f eed c o nver sion ( the  amount o f  feed need ed to 

produc t unit ga in in l iveweigh t )  is related to the amount o f  f eed 

consumed rela tive to ma intenance requirements . Regard l ess  o f  the 

e f f ic iency of  maintenanc e ,  gro s s  e f f ic iency of feed conv er s ion  improves 

as the r a t io of f e ed intake to maintenanc e requirement s  incr eases . 

The absolute d i f ferenc e b e tween voluntary intake a nd maintenanc e 

requi r ement is  b igger in Br i t i s h  breed s , a nd gives them a higher 

po ten t ial growth rate  per head . However , this po tential advantage i s  

d i s tor ted when s tr es s es d i f f er en tial l y  al ter f eed intake i n  Zebu and 

temperat e  breed s . For examp l e , on a low-qual i ty forage ra t ion , Z ebu 

type cat t l e  have u sually  been observed to have a higher voluntary intake 

( Cold i tz and Kel laway , 1 97 2 ; Karue et al . 1 97 2 ;  Howes �al . ,  1 963) . 

Also , a t  the same amb ien t  temperature, Zebu and Zebu cro ssbreds usually 

have higher voluntary feed intakes ( Cold i t z  and Kel lawa y , 1 9 7 2 ;  

Kell away and Co ld i t z ,  1 9 7 5 ) . Olbrich � al .  (1973) found that the 

breed- tempera ture-rat ion in terac t ion for voluntary f eed intake was 

signif icant: . Thu s , gene tica l l y  determined d ifferences between Zebu 

and tempera te breeds in f eed i ntake are d ependent in their expres s ion  

upon type o f  f eed and environmental cond i t ions such as  ambient 

temper a ture . 

Inheri tance . The extent to which appetite  may b e  inherited within 

a breed i s  no t d e fi n itely c l ear but work d o ne so far r ev ealed that there 

are some consis tent variat ions in appetite  b e tween anima l s  of s imilar 

liveweigh t s , at lea s t  during the growth pha s e. The estimated 

her i tabil i ty ( h2) o f  feed consumpt ion vari e s  greatly dep end ing on the 

type of r a t ions , the type of ca t tl e  and the l ength of feeding period . 
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For example ,  Swiger � al .  (1961) found t ha t  h2 ranged from 0 . 07 t o  

0 . 97 depending on t he l eng th o f  feeding . Overall ,  genet ic d iffe r ences 

in vol untary feed i ntake apparently are of a magni tude tha t  makes 

selec tion ra ther effec t ive (Warnick and Cobb , 197 6) . 

2 . 1 . 2  Other Animal Fac tors Affe c t i ng Voluntary Feed Intake 

2 . 1 . 2.1 Phys iological S ta te 

The phys iological  s ta te of the animal wil l  influence the amount of 

energy i t  can u t i l i z e  and thi s , in turn,  w i l l  t end to affec t i t s  demand 

for food. Any effec t of the physiological  s tate  on abdominal capa c i ty 

will affect intake, par t icularly when the energy concentrat ion of the 

ra t i o n  is  low . 

Fa tness . There is  abundant  evidenc e tha t fa tness may reduc e 

inta ke in ca t tle (see Bines , 19 7 6, 19 7 6b ) , and tha t this effec t may be  

bo th physic�l and me tabol ic in or igin . The thin ca t tl e  have a 

' requi rement ' fo r nu trients for fat synthes is , which is reduc ed in or 

absen t from the fa t cow (Bine s , 197 1). Mo reover , where high roughage 

diets  are offered , the fa t depo t may comp e t e  for spa c e ,  causing a 

reduc t ion in the effec t ive vo l ume of the cav i ty into which the rumen 

can expand during feeding (Journe t and Remond , 197 6 ) . 

Pregnancy. I t  affec t s  VFI and the effec ts  vary with the s tage of 

pregnancy .  If o ne divides pregnancy in cow into three par t s : early , 

mid- and late  pregnanc y ,  early and mid-pregnancy produces a measurable  

increa s e  in appe t i t e  (see Forbes , 1 97 0 ;  B ines , 197 1 ;  Journet a nd 

Remond , 197 6 ) . I t  i s  cl ear tha t this is  an a t t emp t to inc reas e  their 
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e nergy intake t o  mee t  the higher energy requirement o f  the d eveloping 

f o e tus . The vo lume occupi ed by  the foe tu s  in early and mid-pregnancy 

do no t seem to !)lay a rol e  in the var ia t ion of VFI w i t h  da iry cows . 

In the l a t e  pregnancy ,  VFI decrease s . Despi t e  the inc reas e  in 

g ir th in late  pregnancy , the volume o f  the u terus i s  so grea t tha t the 

c a p a c i ty o f  the rumen is decrea sed . This i s  o f ten enough to depress 

the  voluntary in take of  roughage d ie t s . W i th d i e t s  whos e  intake is  

no t thought to b e  l imi ted phys ical l y ,  some me tabo l i c  fac tor might cause 

the d ec l ine in intake . Forbes ( 1 9 7 0 )  suppos ed tha t ovar ian hormones 

c o ul d  influenc e VFI ; proges terone l evel s can s t imul a te  intake d�ring 

mid-pregnancy , but the inc rease of o e s trogen can have a d epressing 

e f f e c t  on intake at  the end of pr egnancy , near to calving . 

Lac ta tio n .  The ava ilable l i tera ture rel a t ing VFI to lac ta tion 

i s  very extens i ve , no a t temp t is  mad e  to survey i t  cotapl e t e l y . 

In general , the l ac ta t ing cow ma y b e  expec ted to consume more than 

an o therwise s imilar non-lac tat ing cow and a high-produc ing cow may be 

expec ted to ea t more than a low-produc ing cow . This  i s  because the 

grea t er the animal ' s  energy requirement ,  the grea ter will i t s  energy 

intake . 

There i s  a d is tinc t lag in the response o f  feed intake to the 

increased energy dema nd of lac ta t ion . The increas e  in VFI tha t  occur s 

a f ter par tur i t ion lags behind the increase  o f  milk yiel d ,  i . e . ,  peak 

intake is no t u sually ac hieved until milk yield is d ec l ining , s everal 

weeks a fter peak milk produc t ion ( Forbes , 1 97 0 ) . 
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I t  i s  no t clear why VFI in early lac tat ion incr eases  slowly in 

r el a t ion to the energy outpu t in milk . I t  i s  po s s ible  tha t lac ta t io n ,  

in  which energy expend i ture i n  h igh-produc ing dairy cows raises to abou t  

thre e  times the maintenance requiremen t , is  a s i tua t ion in which i t  i s  

no t always po s s ible for the animal to adjust  i ts energy intake to i t s  

energy demands i n  short- term but does succeed i n  do ing so over a per io d  

o f  s everal months (Bail e a n d  Forbes , 1 97 4 ) . 

2 . 1 . 2 . 2 Growth 

As the animal grows b igger in s ize . the maintenanc e  requirements 

inc r ease , the abdominal cavi ty will a l so increase i n  capac i ty thereby 

allowing a higher intake of a given ration;  o ther things b eing equal , 

this resul t s  in two consequences : ( 1 )  o lder ca ttle  ( e . g .  s teer) will 

have a grea ter appe t i te than young ca t tl e  (calf) ; ( 2 ) higher VFI in 

fa s t  grow i n g  than s l ow growing c a t tl e . 

However , the inc rease i n  in take o f  a given d i e t  dur ing growth o f  

an a nimal is  no t l inear , b u t  probably varies i n  propo r t ion  to the 

me tabol ic weight of the animal (Bines , 1 9 7 6) i . e .  VFI/ kg0 • 7 5  remains 

cons tant . 

2. 1 . 2. 3  Sex and Heal th 

Mal es are capable o f  a grea ter growth than fema l e s  and this is 

r e f l ec ted in a greater intake of food ( Bines ,  1 97 6 ) . 

Lo s s  of  appetite i s  a c harac teri s t ic o f  many d is ea s e ,  bo th 

metabo l ic (Ac etonaemia , Ke to s i s ,  bloa t a nd lac tic a c idos i s )  and 

infec tious or paras i t ic in o r igin ( Ga s tro - intes tinal disorders , 

mas t i ti s )  all resul t in marked reduc t ion in VFI ( se e  B ines , 1 9 7 6) . 
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2 . 2  Foo d  Fac tor s  Af fec ting VFI 

These fac tors are types of food and o thers include nu trient 

imbalanc e ,  pala t ib i l i ty of feed and the ava ilabil i ty o f  f eed . 

2 . 2 . 1 Types o f  D i e t  

The general rel a t ionship b e tween types  o f  d i e t  and VFI has b een 

d e sc r ib ed b r iefly in Sec tion 1 . 1 . 2  and reviewed by B ines ( 1 97 6 ) ; 

Forbes ( 1 9 7 0) and descr ibed by Conrad � �· ( 1 964 ) . 

In ruminant s  with high-qual ity  d iets , VFI is  thought to b e  

r e gulated accord ing t o  nut rient requirements . However , the usual type 

o f  diet  o f f ered to ruminan ts , espec ially in the tropic s ,  has a low 

concentra tion o f  d iges tible  energy , with the resul t tha t physical 

fac tors can  impose l imi ts  to fur ther intake before the metabo l ic l imit s  

have b een r eac hed . 

The l i mi ts wi thin whi c h  physical regul a t ion occurs are no t yet 

c l  early d e f ined . Wi th roughage d i e t s  containing a t  l ea s t  10%  c rude 

pro t e in ,  contro l o f  VFI by phy s ical fac tor s  i n  the adul t animal s 

appears to c ease  at abo u t  the range 65-70% d iges t ibil i ty ( Campl ing , 

1 9 7 0 ) . However , the phys ical form o f  the d ie t  o f f ered will al ter the 

threshold of d iges tibil i ty at  which physical l imi ta t ions c ease  to be 

important ( B ines , 1 97 6 ;  Montgomery and Baumgardt , 1 96 5 ) . 

Phys ical Form of D i e t  

For roughages , gri nd ing improves VFI . W i th long o r  chopped 

roughages ,  t he mo s t  impor tant physicfil  l i mitation to intake i s  l ikely 

to be the slow micro b ial d igest ion and mechanical d isintegration 
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( Camp l ing , 1 970) . Gr ind ing will give a large improvement in intake o f  

s traw , but  much sma l l er inc reas e  in intake o f  good qual ity  d r i ed gras se s  

( Campl ing and Freer , 1 966) . Thu s , for roughage , the general rel a t ion-

ship may be that the magn itude of the e f f ec t o f  gr ind ing on intake i s  

inver sely rela ted to the qual ity  o f  the f o rag e . These e f f ec t s  probably 

resul t f rom the inc reased rate o f  d iges tion ( micro b ial and mechanica l )  

and inc r ea sed rate  o f  passage . 

Mixed Ra tions 

The maj o r i ty of the publ ished f ind ings o n  the interac t ion o f  

cons t i tuen t s  i n  mixed rations o n  VFI reflec t these trend s : 

(a ) Add i t ion  o f  concen tra te to all  roughage d i e t  

Add i t ion o f  conc e ntra te t o  the d i e t s  o f  ruminants  o f f er ed roughage 

ad . l i h i tu� o f ten al t e r s  the VFI o f  the roughage . The type and ex tent  

of  change s e ems to d e p end largely on the  qual i ty of  the  roughage and 

the ex tent of  conc e ntra te add i t ion . 

( i ) W i t h  poo r qual ity roughage . 

With  roughages c o n taining sma l l  amoun t s  o f  ni trogen such a s  c er ea l  

s traws , s igni ficant increase i n  VFI occurred when nitrogeneous 

suppl ement s  were g iven ( e . g .  Campl ing �al . ,  1 962 ; Comb ie and Tribe , 

1 9 6 3 ; HelilS l ey and Mo ir , 1 9 63 ; Campl ing and Murdoch ,  1 96 6 ) . The 

s t imul a t ion of intake o f  poor qual i ty roughages  by sma l l  amounts  o f  

conc entra tes  i s  probably due to the add i t io na l  nitrogen suppl ied b y  

the conc entra te which enhances d iges tio n  and a n  acceler a t ed ra te  o f  

d i sappearance o f  d igesta  from the r e t iculorumen ( Campl ing e t  al . ,  1 9 62 ; 

Coombi e  and Tribe , 1 9 6 3 ; Hemsl ey and Mo ir , 1 9 63 ;  Campl ing and 

Murdoch , 1 966) . 



( ii )  W i th b e t ter  qual i ty roughage .  

When the conce n tra te  i s  given in sma l l  amo unts to b e t ter qual i ty 

roughage ( e . g .  hay , silage) f ed ad l ib i tum , there was l i t tl e  ef fec t on  
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VFI o f  the roughage . Bu t ,  the addi t ion o f  large amounts o f  conc en tra tes 

to  the diets  o f f ered bet ter-qual ity roughage ad l ib i tum, a depress io n  in 

voluntary intake of  the roughage has of ten been observed (Ho lmes _et al . ,  

1 960 ; Blaxter and Wilso n ,  1 9 63 ;  Campl ing a nd Murdoch ,  1 9 6 6 ; Camp l ing , 

196 6 ; Bath e t  al . ,  1974 ; Tapa r ia and Davey , 1 970) . 

The rela tionship  be tween the weight o f  conc entra te  added and the 

decrease in intake of ro ughage is unknown . For exampl e ,  mor e  than 6 kg 

of concentrate  f ed d aily r educed hay intake by abou t 0.3 kg dry mat ter 

per  kg concen tra te dry ma t ter given i n  non-lac ta ting cows ( Campling and 

Murdo c h ,  1 9 6 6 ) . And lac ta t ing cows s tall-fed on high quality f r e sh 

pas ture red uc ed pas ture  dry  ma t ter intake b y  0 . 6-0. 7 kg per kg 

supplementa l  conc en trate given ( Tapar ia and Davey,  1970) , 

When concentra t es are given to c a t tl e ,  the ra te  o f  d ec l ine in 

intake of hay tended to be grea tes t wi th the hay of  highes t  d iges t ib il i ty 

( Carnpl ing and Murdoc h ,  1966) . 

As no ted befo r e , i t  ha s b een shown that the VFI o f  roughages b y  

ruminants  is  d e term ined mainly by  the amount o f  d iges ta i n ,  and i t s  

rate  o f  d isappearanc e from the reticulorumen . Bo th fac tor s  are  l ikely 

to be a ssoc iated wi th the d ec r eased intake o f  better-qua l i ty roughage 

caused by  the addi t io n  of large amounts o f  c o nc entrates . 
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The amount o f  d ige s ta . At  the end o f  a meal the amount o f  d igesta  

in the  re t ic ulorumen o f  the  cows of fered ad l ib .  hay wi th r e s t r ic ted 

amounts  o f  conc entra t es wa s about  the same a s  t ha t  found when o ff ered 

hay ad l ib .  as  the only f eed  ( Camp l ing , 1 966) . This  m ight explain the 

fac t tha t there is l i t tl e  e f f ec t  in hay in take whe n  restric ted amount o f  

c o nc en trate  i s  add ed to goo d  qual i ty roughage . However ,  there was a 

t endency for the amount o f  d iges ta in the r e t iculor umen immediately 

a f t er a meal to be lower w i th higher l evel s o f  concen tra t e s  add i t ion 

( Fr eer and Camp l ing , 1 9 6 3 ) . Presumably giving the c a t t l e  grea ter 

amo un t s  of  conc entra tes wou l d  g ive rise  to a s i tua t io n  where the animal 

wo u l d  s top  eat ing hay before their r e t iculorumen conta ined an amount o f  

d iges ta equal to tha t fo und wi th hay alone . 

Ef f ec t s o f  rate  o f  d i sappearanc e o f  d iges ta . The add i t ion  o f  

conc entra tes in l a r ge amounts  to al l roughage d ie t s  dec reased the rate  

of  d i s a p p e a r a nc e f rom the d iges t ive t rac t of  the d iges ta d er ived f rom 

roughage . This i s  d u e  to ma r ked dec r ease in  the d iges t ion o f  the 

c rude f ibre of the roughage  and inc reased t ime the cat t l e  spent 

rumina ting the roughage ( Campl i ng , 1 96 6 ) . The ef f ec t  o f  suppl ements  

of  c arbohyd ra tes in d e p r e s s ing the d igest ibil i ty o f  the c rude f ibr� o f  

hay i s  known (Head , 1 9 5 3 ; Hamil ton , 1 94 2 ) . The lower ed d iges tibil i ty 

o f  c rude f ib r e  was due to a red uc t io n  in the c ellublytic ac t ivi ty o f  the 

rumen micro-o rgani sms , probably caused by comp e t i t ion b e tween the 

celJublytic and amy lol y t i c  groups of bac ter ia for nu trient s  ( El-Sha zl y  

� a l . ,  1 9 6 1 ) . 

The cause o f  considera b l e  varia t ion b e tween anima l s  in their 

r esponse in intake of  roughage to add i t ion o f  conc entrate i s  no t known . 



I t  may have been due to d i f f erence s  b e tween animal s in the extent to 

whi c h  the rate o f  d i sappearance o f  d igesta from the d iges t ive  trac t 

was a l tered by the add i t ion  o f  conc entra t e . 

Add i t io n  o f  roughage to all-conc entrate d iet 
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The general observa tion on the add i t ion of  a sma l l  amount o f  

roughage to a l l - conc en tra te d ie t  i s  tha t i t  increases  intake o f  the basal 

ra t ion (B ines , 1 9 7 6 ;  Wise � �· • 1 9 6 1 , 1 9 6 5 ) . The reason f o r  the 

inc r eased intake is  probabl y  due to the fac t tha t when c a t t l e  are fed 

a l l -concentra te d iet , they usually  l im i t  their intake to the animal ' s  

energy requiremen t (metabo l ic control ' )  a nd no t the phy s ical l im i t  o f  

the r�ticulo-rume n . 

The add i tion o f  small  amounts o f  roughage in a l l-conc entrate d i e t  

can e i ther have n o  effec t on  the performanc e o f  calves (Wise � a l . • 

1 9 6 5 )  o r  may even improve body weight ga i n  (Wise � al . ,  1 9 6 1 ) . 

McMull ough ( 1 969)  sugges ted tha t  the rela tionship b e tween VFI and 

ra t io of hay to concent ra t e  is no t constant and it varies  with the 

l iveweigh t of the animal . Thi s  may b e  expec ted as age ( l iveweight) i s  

l ikel y  to be one o f  the fac tor s  a f f ec t ing VFI . 

2 . 2 . 2  Other Food Fac to r s  Aff ec ting VFI 

2 . 2 . 2 . 1 Nu trient Imbalance 

Many d e f ic ienc ies of maj o r  and minor nu trients are known to 

influence the f eed ing of ca t tl e ,  but the mechanisms involved are no t 

c l ear . 
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Regul a t ion  o f  energy intake appears  to b e  i n  some ins tance s  

inde pendent and i n  some ins tances c l o s el y  r elated t o  regula t io n  o f  

pro t e in and amino-ac id intake (Harper , 1 9 67 ) . The effec t s  o f  exc e s s ive 

o r  d ef ic i ent  pro tein content a nd amino-ac id imbalanc e have b een d iscu ssed in 

d eta i l  by Harper ( 1 967 ) . When the pro tein l ev el o f  the f eed i s  v ery 

low , it  has b een c learly shown to reduce VFI and this can b e  correc t ed 

by  addi t ion o f  pro tein and urea ( see B ine s , 1 97 6 ;  Harper , 1 9 67 ) . 

Exc e s s ive l evel s o f  urea (mo r e  than 45%  o f  inges ted ni trogen) may a l so 

cause a depression in intake (Karue et  a l . ,  1 9 7 3 ) ; i f  the d ie t  i s  

d e f ic i ent  i n  one o f  the ind ispensabl e  a n imo-ac id s ,  VFI i s  a l so 

depressed ( Frazier �al . ,  1 94 7 ) . 

Schmid t and Widdowson ( 1 9 6 7 )  had found tha t in rats  kept on  the 

low pro tein d ie t  at 2 1°C l o s t  weight , whil e  tho se o n  the same d ie t  a t  

5°C lo s t  only a l i ttle  weigh t .  This was due to an increased f eed 

intake in the cool tempera ture , which compensated some o f  the pro tein 

defic iency in the d ie t . Thus , there i s  a n  ind ica t ion tha t a t  low 

tempera tures the animal may be able to maintain weigh t on  low-pro tein 

d ie t s  by consuming mor e ,  but  no t a t  high t empera ture . 

Reduced VFI due to pro tein d e f ic iency may be due to a reduc t ion in 

tbe 
bac terial and pro to zoal c el lulolys is in/rumen ( Camp l ing e t  al . ,  1 9 62 )  

or t o  a decreased a b i l i t y  o f  t h e  animal t o  hand l e  t h e  end-produc ts  o f  

d i ge s t ion (Egan , 1 9 65 ) . 

Defic ienc i e s  o f  vitamins A ,  D and B12 reduce f eed intake in  

ruminants , though B12 may be synthesized in  the rumen i f  adequa t e  

cobal t is suppl ied (Bines , 1 9 7 6 ) . O ther minerals shown to be  



necessary in adequa te  amounts to avo id depres s ion o f  intake i nc l ud e  

calc ium,  manganes e ,  po ta s s ium, pho sp horus , co pper , z inc and sod i um 

chloride (Baile  and Forbes , 1 974 ) . 

2 . 2 . 2 . 2  "Palatab i l i ty" of  Feed 

Sensory appra i sal of feed qua l i ty by c a t tle  has no t b een 
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emphas ized i n  research work . Appar ently , the feed intake o f  graz ing 

ruminants can be mod i f ied by gus ta to ry and o l fac tory fac tor s  but does 

no t depend to any extent on s ight ( see Ba ile  and Forbes , 1 9 7 4 ) . 

Sheep and ca t tle  are though t to be colour bl ind . The e f f ec t o f  

odour is  o f  o nl y  l imited impor tanc e i n  gra z ing anima l s  ( T r ib e ,  194 9 ) , 

al though an ima l s  may avo id pas ture c ontamina ted wi th  faec e s . Ruminan ts 

are sens i t i v e  to the basic tas te s  ( b i tter , sour , swee t and sal ty)  

accord ing to Goa tcher and Church ( 1 9 7 0) , and ca t tle are mor e  sensi t ive 

t han sheep . 

The s ensory appra isal o f  food qual i ty may play a rol e  i n  ini t ia ting 

a Jfieal (Ba i l e  and Forbe s ,  1 9 74 ) . Ruminants show preferenc e s  for 

c er ta in foo d s  suc h as specif ic spec ies  of  grasses ,  and s traw is  apparently 

not as  "pal a tabl e" as  hay ( Greenhalgh and Reid , 1967 ) . 

2 . 2 . 2 . 3 Availab il i ty o f  Food 

The influence of the ava ilabil i ty of food on VFI is o f  greatest  

impor tance when anima l s  are  in  compe t i t ion for i t  ( Bines , 1 9 7 6) , for 

example when grazing or when a group is  f ed indoors . 

The e f f ec t  o f  frequency o f  feed ing o f  f eed is closely r elated to 

the type o f  r a t ion given . Increa s e s  in the t ime o f  access to food 
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d a i l y , causes increased intake to a great er extent i n  concentra tes than 

in hay ( Freer and Campl ing , 1 9 63 ) . 

2 . 3  Environmental Fac tors and VFI 

2 . 3 . 1  H igh Tempera ture and VFI 

I t  is clear tha t f eed consump tion  o f  cat tl e  is influenced by h igh 

and low tempera tures , At h igh temperature which l eads  to hea t s tres s ,  

f e ed intake i s  reduced ; and a t  low tempera ture cau sing cold  s tress , 

feed intake i s  increased . 

There are many workers who hav e  showed tha t  ho t environments depress 

VFI : Vercoe and Frisch ( 1 9 7 0 ) ; Vercoe � � · Q 9 7 2 ) ; Wayman �al . 

( 1 9 6 2 ) ; Ol brich �al. ( 1 9 7 2 ,  1 9 7 3 ) ; Vo hnout and Ba teman ( 1 9 7 2 ) ; 

Ke l l away and  Co l d i t z  ( l 9 7 5 ) ; Moody � � · ( 1 9 6 7 ) ; Mar t z  � � · ( ! 9 7 1 ) ; 

Al l en � � ·  ( 1 9 6 3 )  and the earl ier s t ud ies are reviewed by B ianca ( 1 9 6 5 ) . 

Brobec k ( 1 9 60)  ind ica tes  tha t ea t ing increases hea t in three way s ,  

though they may no t be  d i s t inc tly separab l e . The f irst  is  the spec i f ic 

dynamic ac tion ( S DA) . The s econd i s  the increase in  metabol ic rate  wi th 

incr ea sed l evel o f  nut r i tio n ,  and the third is the i ncreased hea t 

environment 
pro duc tion observed as body weight inc r ea ses . In t he ho t/ , thus , the 

animal might have to depr e s s  their VFI l e s t  i t should embarras s  the heat-

d i s s ipating mechanisms . Reduced f eed intake in a ho t environmen t  

inevi tably l ead s to a fall i n  metabol ic rate  or heat produc t io n  

(Webs ter , 1 9 7 6 ) . 
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Wor s tell and Brody ( 1 9 5 3 )  found that the  dec r ea s e  in voluntary 

intake wi th increa sing tempera ture co inc id e s  with the b eg inning o f  the 

rise  in body temperature . As may be expec t ed the t empera ture threshold s 

for a d ec l ine in f eed consump t ion  are no t the same in the f ield a s  in 

c l ima t i c  room s tud i e s  becaus e  o f  the mod i f ying ef f ec t s  o f  o ther c l ima t i c  

fac tors  tha t  opera t e  ou tdoor s ,  espec ially radiation . In the ou tdoor 

s i tua t ion , per ipheral temperature ins tead of deep body temperature may 

be the mo re impo r tant  fac to r which influence s  feed intake ( Rober t shaw 

and Finch , 1 9 7 6 ) . 

2 . 3 . 1 . 1  Br ee d s  

The environmental tempera ture a t  which VFI i s  r educed is  no t 

always the same . I t  varies  wi t h  the breed o f  the c a t tl e .  The 

exper imen tal  da ta sugges t t ha t t empera te breed s  are depr essed a t  a 

lower amb i e n t  tempera ture than tha t o f  t ro pical breeds ( Vercoe  and 

Fr i sc h , 1 9 7 0 ;  Verco e  e t  a l . ,  1 9 7 2 ;  Cold i t z  and Kellaway , 1 9 7 2 ;  

Kellaway and Co ld i t z ,  1 9 7 5 ;  Al l en � al . ,  1 9 63 ;  see a l so Payne ,  1 9 6 6 ) . 

I t  takes a h i gher env iro nmental t emp�ra ture to stress  a Zebu than 

tempera te c a t t l e  ( Vercoe and Fr i sc h ,  1 9 7 0 ; Vercoe �al . ,  1 9 7 2 ;  

Wayman e t � · ·  1 9 6 2 ) . Thus , i t  may be expec ted tha t  the ambi ent 

tempera ture at which VFI fal l s  w i th Zebu breeds  is higher than B .  taurus 

c a t tle . 

2 . 3 . 1 . 2  Die t s  

In  some repor t s , i t  is  found tha t the ef f ec ts o f  hea t stress  o n  

VFI i s  l e s s  on low- f ibre d ie t s  than high- f ib r e  d ie t s  (Wayman e t  al . ,  

1 96 2 ; Olbr ich et  al . ,  1 9 7 3 ) . The intake o f  d iges t ible energy and 

dry ma t ter  by the animal in a ho t environmen t may b e  increased if  i t  is 
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fed a d i e t  low i n  f ibre ( Vo hno u t  and Bateman , 1 9 7 2 ) . This may b e  o f  

prac t ic a l  impo r tanc e in the tro p i c s  t o  d ec rease the h ea t load i n  the 

c r i t i c al per iod of p roduc t ion . 

The hea t inc r ement  r e sul t i n g  f rom a f ixed quan t i ty o f  f eed (KJ per 

l OO KJ ME) is  inv e r s e l y  rela t ed to the d ig e s t ib i l i ty or nu t r i t iv e  value 

o f  tha t f eed (Web s ter , 1 9 7 6 ) . Thus , the poorer the qua l i t y , the 

h igher the hea t inc r emen t .  The h igh inc r emen t of  low qual i ty ( high 

f ib r e )  d ie t s  can b e  a t tr ibu ted w i th r ea sonab l e  conf id enc e pr inc ipal l y  to 

t h e  h i gh propo r t io n  o f  ac e ta te  t o  pro piona t e  produc ed dur ing the i r  

fermen ta tion i n  t h e  rumen ( Arms t rong a n d  Bl axter , 1 9 6 2 ; Blaxte r , 1 9 67 ) 

and h i gh e r  ac t iv i t i e s  o f  ea t ing . One wou l d  expec t tha t ca t t l e  o f f e red 

high- qua l i ty d ie t s  during expo sure to hea t s t ress would show a snlli l l er 

reduc t io n  i n  f e ed i n take than i f  low-qua l i t y  d i ets wer e  g iven . The r e  

i s  al so evid enc e t o  show tha t  i n  a ho t env ironment , a r a t io n  wi th a 

l ow- f i br e  con ten t ha s a bene f ic ial e f f ec t o n  the animal ' s  thermal 

balanc e and henc e o n  its  produ c t i on ( S to t t  and Mood y ,  1 9 6 0 ;  Le i g h to n  

and Rup e l , 1 9 60) . 

2 . 3 . 1 . 3 Pro t e in Co n t ent  

Food s t uffs  have d i f ferent  S DA values - f a t  the  lowe s t  and pro t e in , 

the highes t . However the l imi t ed exper imen tal evid enc e abo u t  the 

e f f ec t of i nc rea s ing the pro t e in content  of the d i e t  on the r umina n t s ' 

"hea t t o l eranc e "  sugge s t s  tha t i t  is  o f  no s igni f icant impor tance ( see 

Payne , 1 9 6 6 ) . 

2 . 3 . 1 . 4 Feed ing Behav iour 

I n  t rop ical c o nd i t ions , t h e  an ima� wi l l  try to programme their 
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meal s  so  a s  to  a ssume adequa t e  nu tr i t io n  without  taxing the hea t-

d i s si pa t ing sys tems beyond l imit . I t  i s  common tha t ca t tl e  al ter 

thei r  f eed ing hab i ts in very ho t wea ther . In the heat o f  the day 

feed ing slows or s tops ; and there is a shif t toward s ea t ing mor e  food 

dur in g  the c oo l er par t o f  the evening ( se e  B ianca , 1 9 65 ; Payne , 1 9 6 6) . 

Ther e  was some ev idenc e o f  a po s i t ive rela tionship b e tween grazing t ime 

and milk y ield ( Cowa n ,  1 9 7 5 ) . Animal s tha t  are penned a t  nigh t e ither 

becau s e  of  the f t or preda to r s  would have the ir normal grazing hour s  

l imi t ed b y  such a managemen t  and may a f f ec t produc t io n .  

Hamil ton ( 1 9 6 7 )  men t ioned tha t al tera tions in the pa t tern o f  

fe ed i ng b y  inc r eas ing the number o f  mea l s  and a t  the same t ime 

decrea s i ng the s i ze o f  eac h mea l , wouJ d b e  a d evic e whereby the S DA 

load o f  any o ne mea l wou l d  b e  dec r ea sed . This has been shown in 

sheep  b y  Rakes e t  al . ( 1 9 6 1 ) . I t  is l ikely tha t the reduc tion in 

hea t p roduc t ion wi th mo re f requent f e ed ing may be due to a mor e  

un iform r a te o f  absor p t ion o f  nu tr ien ts  and the spr ead ing o f  t h e  t o ta l  

hea t i ncrement  over  a muc h longer per iod o f  t ime so  tha t the hea t­

d is s ipa ting mechanisms o f  the animal are no t over-loaded at  any t ime 

( Payne , 1 9 66) . 

2 . 3 . 2  Diurnal Varia t io n s  and VFI 

Grazing dom ffi ticated ruminant s  show d if f erent d iurnal pa t terns o f  

f eed ing depend ing o n  the quant i ty and spec ies o f  herbage available .  

Graz ing t ime can vary widely but  mos t  o f  t he grazing i s  during the 

dayl ight hours ( Arnold , 1 970 ; McClymo n t , 1 9 67) . For ruminant s  kep t in 

feedlo t s  about  75% of the t ime spent in f eeding occurred be tween 6 a . m .  -

6 p . m .  When l igh t cyc l es were reversed o r  l eng th o f  l ight periods 



was varied , c a t t l e  were a t  the f eeder mo r e  during l ight period s 

irrespec t ive o f  t ime o f  the day ( see B a i l e  and Forbes , 1 9 74 ) . 
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Con tinuous l ight ing el imina ted mo s t  o f  the  d iurnal p a t tern . Light i s  

probably no t e s s en tial f o r  the ac t ivity  o f  ea t ing as  ca t tl e  ada p t ed to 

par t ial or nearly  compl e te darkness  ma intained similar ra tes  o f  gain 

( Ba i l e  and For be s , 1 9 7 4 ) . 

The type o f  ra t ion  do e s  no t c hange the d iurnal f eeding pa t tern 

( Pu tnam and Dav i s , 1 9 6 3 ) . The d iurnal variat ions o f  VFI in rela t ion  

to  hea t s tress  ha s been d iscussed ( Sec t i o n  2 . 3 . 1 . 4 ) . 

Thus , ruminants show d iurnal var ia t ion  in feeding , b u t  this 

behav iour is ea s ily mod i f ied . 
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Wa ter i s  impor tant i n  all  essen t ial body func t ions . Wa ter mak e s  

u p  abou t  7 0- 7 5% o f  to tal body weight ( Roub ic ek , 1 9 6 9 ) . Thus , to 

deprive the body of wa ter is  second in seriousness only to d epriv i ng i t  

o f  oxygen . 

Regula t io n  o f  the vol ume of  wa ter in the body depend s o n  the 

balance b e tween wa ter i n take a nd output . Mos t  wa ter enters the body 

o rally , e i ther as l iquid or combined in feed s . Only a sma l l  por t ion  

of  the body wa ter comes from me tabo l ic sourc e s . Wa ter i s  lo s t  through 

u rine , faec e s , respira t io n , perspir a t io n ,  and in lac ta t ing f emales , 

through milk produc tion . 

Whereas wa ter requiremen ts in  tempera te c l ima tes ma inly s tem from 

me tabo l ic demands , in tro p ical c l ima t e s  they arise  primarily from 

thermoregula to ry demand s ( B ianca � �. , 1 96 5 ) . 

1 .  Con trol Mechani sms o f  Wa ter Balanc e 

S ince the body wa ter con ten t o f  the anima l s  is maintained wi thin 

narrow l imi ts , accompl i shed by a dynamic balanc e  between gains and 

l o s ses , i t  i s  reasonab l e  to loo k for some mec hanisms tha t regulate  

wa ter balanc e . Reviews on  this sub j ec t incl ud e : Roub ic ek ( 1 96 9 ) ; 

Andersson and Olsson ( 1 9 7 0 ) ; Wagner ( 1 9 64 ) ; Wol f  ( 1 958) ; S tevenson 

( 1 96 7 )  and Gro ssman ( 1 9 6 7 ) . 

The homeo s ta tic con trol o f  body water content i s  d ependent on  ( a )  

a r egula ted release of  ant idiuretic  hormone (ADH) t o  regul a te renal 

wa ter loss  and (b) on an e f f ic ient thirs t mechanism which ensures tha t 
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the wa ter i ntake keeps pace wi th the  wa ter l o s s . Brain mechanisms are  

involved in a l l  these  facets  o f  the  control o f  wa ter balanc e .  However , 

the manda tory  outpu t  o f  wa ter in ur ine for so lute  exc r e t io n  and the 

evaporative loss of  wa t er for tempera ture regulation canno t be  

con t ro l l ed b y  the  CNS in response only to  the body 's genera l  need for  wa ter 

( S t evenso n ,  1 9 6 7 ) . 

1 . 1  Regula t ion o f  Rena l Ou tpu t 

Tn  wa t e r  regul a tion ,  the par t  p layed by ADH is qui te c l ear . In  

the presence o f  a regul a ted release o f  ADH from the neurohypophysis , 

body wa ter content can be ma inta ined qui te cons tant d es p i te 

f l uc tua t i ng intake . An exc e s s iv e  wa ter intake inhib i t s  the relea s e  o f  

ADH which resul ts i n  a po s i t i ve rena l cl earanc e of f r e e  wa ter . Dur ing 

dehydra t io n ,  on the o t her hand , ADH i s  released in amounts  suf f i c i en t  to 

i nduc e o p ti ma l  renal absorp t ion o f  wa ter . A d e f ic i e ncy o f  ADH r esul ts in 

d iabe tus ins i pidus ( a b no rmal l y  high wa ter turnover) or a rapid 

deple tion o f  bo dy f l u i d s  if  no wa ter i s  inges ted . 

ADH sec r e tion  invo l ves syn thes i s  of  ADH in the hypo thal amic 

neuro sec re tory  c el l s , transpo r t  to the p i tui tary and a neural ly­

contro l l ed r e l ease of the ho rmo ne i n to the c ircula tio n . The 

suprao p tico-neurohypo physeal trac t i s  the f inal pa thway f o r  ADH 

rel ease  f rom the p i tu i tary . The c e l l s  i n  thi s  region o f  the 

p i tu i tary may be sub j ec ted to exc i tory and inhibitory infl uences  f rom 

the periphery and from o ther par t s  o f  the bra in (AndeiSson and Ol s so n ,  

1 970) . Thus , many fac tors may inf lu ence the ADH-re l ea s e  ac ting 

d irec t l y  o r  i nd irec t l y  on  the supraop tic-neurohypophys eal  sys tem . 

Dehydra tion  and a r ise  in plasma o smo larity are well-known s timul i ( o r  



s igna l s )  to release ADH (Wo l f , 1 9 58 ; Andersson and Olsson , 1 97 0 ;  

Roub icek , 1 96 9 ) . 

There  i s  ano ther ho rmone , aldos terone , s ec re ted by  the adrenal 
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cor tex , which influenc e s  wa ter excr e t ion b y  t h e  kidneys . Aldos terone 

i s  chiefly conc erned wi th elec tro l y te homeo s ta s i s ,  which in turn i s  

closely a ssocia ted with  wa ter balanc e .  Aldo s terone produc t ion  i s  

s timula ted b y  high po ta s sium and low sod ium elec trolyte  l evels 

( Andersso n  and Olsso n ,  1 97 0 ) . I t  ac ts  to r eso rb sodium f rom the 

urine , and to ma intain proper elec trolyte balance and o smo tic pressure . 

Other ho rmones , includ ing oxytocin  a nd epi nephr ine ac t w i th ADH o r  

a ldos terone  i n  controll i ng wa ter balanc e under par t icular 

p hysio l o g j cal cond i t ions ( Roubic ek , 1 9 6 9 ) . 

1 . 2  Regu l a t io n  o f  Wa ter  I n take ( Drinking) 

When there is a l owering o f  wa t e r  level in body tissues , e i ther 

b ecause of too grea t lo s s  or a l imi ted intake , a sensa t io n  o f  

' thirs t '  i s  c on ve y e d  t o  the hypo thalamus . 

The p a r t s  o f  hypo thalamus  tha t are involved in wa ter regula tion 

are described i n  detail by S tevenson ( 1 964 , 1 96 7 ) and Gro ssman ( 1 964 ) . 

I n  sum ,  the sugges t ion  i s  tha t wa ter intake r egulat io n  i nvolves 

s imilar regions in the hypo thalamus a s  f eed intake regu l a t io n .  For 

exampl e ,  the hypo thalamic ' dr inking c en tre ' s eems to be all  bu t 

coexis tent ana tomical ly with neural mechanisms which part ic ipa te in 

the r egula tion o f  feed intake . And it  appea r s  that the well-known 

interac tion between the e f fec ts o f  feed and wa ter depr iva tion may be 
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due to this intima te central rel a t io nship rather than purely peripheral 

fac tors ( Grossman,  1 9 64 ) . But ,  as  no ted b e fore ,  i t  i s  c l ear  that f eed 

and wa ter intake are  regula ted w i th a d egree of independenc e which 

appears surpri sing in v i ew of the close anatomical r ela t ionship of the 

hypo thalarnic mechanisms . 

The s igna l s for ' th ir s t '  are many , but o smo tic and thermal s igna l s  

seem to be o f  pa ramount importanc e .  

1 .  2 . 1 O smo tic S igna l s  

Evidenc e f o r  an o smo t ic s t imuh� for ' thirs t '  i s  given i n  d etail b y  

Wo l f  ( 1 958 ) . The change in osmolar i ty s t imula tes the ' o smor ec ep tor s ' 

and the impul s e  i s  conveyed to the hypo thalamus . This influences  

dr inking as well a s  the  secre tion o f  ADH . Osmorec e p tors  are found in 

many par ts of the CNS , inc lud ing hypo thalamus i tself ( S t evenson ,  1 964 ) ; 

and in o ral , gas tr ic par t s , bladder and vascular sys tem .  

1 .  2 .  2 Thermal S ignal s  

Wa ter i s  essentia l  fo r thermoregula t ion due to i ts rol e  in 

evapora tive coo l ing and vascular response . One o f  the impor tant 

contro l s  of  wa ter intake o r i g ina ted in the c en tral mechanisms of the 

thermo regula tory sys tem a s  no ted before . S tudies w i th b il a teral 

l e i s ions show tha t an impo r tant pathway runs f rom the anter ior thermo­

regula tory region caudally  pas t  the ventromedial region to the lateral 

hypo t halamus which is involved in the regula tion o f  f eed as  wel l  as 

wa t e r  intake . These pathway s  may be essen t ial to the e f f ec t s  o f  body 

and e nvironmental temperatures on feed and wa ter intakes ( S tevenson 

� al . ,  1 9 64 ) . 
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1 .  2 . 3  Other S ignal s  

Agains t this bac kground o f  osmo tic  and thermal r egul a t ions in the 

hypo thalamus , o ther fac i l i ta tory and inhibitory sys tems mod ify  their 

influence . Among the s e , some recogni sed ones are oral and gas tr ic 

me teri ng ,  incl ud ing the impor tant sa t i e ty signals  o f  d is tension , the 

dryn e s s  o f  the mou th and perhaps , the o smo tic s ta t e  o f  o ther per ipheral 

sensor s ,  vol ume recep to r s  in  the vascular sys t em,  the phys iological 

state of  the anima l s  and the emo t iona l  s ta te o f  the animal and his  

presen t rela t i o n  to  the ex t ernal  env i r o nment in  terms o f  prio r i ty of  

ac t i v i ties ( S tevenson , 19 64 ; Ado l p h ,  1 9 64 ;  Towb in ,  1 9 64 ) . 

The p r ec i s e  s t imul i w i l l va ry under d if f erent cond i t ions a nd in  

d i f f erent spec i e s ,  bu t a l l  or  mo s t  o f  the s igna l s  funnel through the 

hy po t ha l amus to p ro d uc e  a n  i n t egra tej_ s i gnal which d e t ermine s the ac t 

o f  d r ink ing and i t s i nh i b i t ion . 

2 .  Fa c to r s  A f f l!c t i ng VW I  

A s  in VFT , t h e  fac tors a f f ec ting VW I  can b e  d iv id ed i n to animal  

fac to r s ,  food  a n d  env i ro nmen ta l fac tors . 

2 . 1  Animal Fac t o r s  

These  inc l ud e  gen e t ic fac t o rs ( breed ) and o ther s  ( pregnancy , 

lac ta t io n ,  age , ac t ivi ty) . 

2 . 1 . 1  Breed Dif ferenc e s  in VWI 

Winches ter and Mo rris ( 1 9 5 6 )  showed t ha t wa ter consumption per 

uni t  of dry ma t te r  intake by t he Bo s ind i cus  is  always lower than the 

B .  taurus for any given tempera ture . Phil l ips ( 1 960) repo r ted a lower 
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wa ter requiremen t for Zebus than for Gra d e  Hereford s and a s igni f icantly  

sma ller  wa ter i n t a ke per  dry ma t ter intake for Zebu s . Thus , there i s  

evidence t o  sugg e s t  tha t B .  ind ic u s  a n d  B .  tauru s have d i f f erent wa ter 

consump tion a nd wa ter requ i rement .  

Under therma l hea t s tress . I t  i s  c l ear tha t  Zebus dr ink l ess  

wa t er per uni t  o f  dry ma t ter intake in heat  s tress ( Sec tion 2 . 3 ) which 

presumabl y  ref l ec t s lower wa t er requirements  too . Na tural s e l ec t ion 

of  Z e b u  ca t tl e  in the semi-a r id cond i t io n s  in many par t s  o f  the Tro p i c s  

m i g h t  have produc ed phys io l o g ical  ada p t io n s  which all ow them to  conserve 

wa ter  mo re e f f i c i en tly  t han t empera te breeds under hea t s tres s . 

ca t t l e  are known to have be t ter abil i ty t o  concentra t e  urine and 

f a e c � s  under wa t e r  d epr iva t io n  (Payne , 1 9 63 ;  K irkbrid e ,  1 9 7 3 ;  

Qua r terman e t  a l . ,  1 9 5 7 )  and t hus to cons erve more wa ter . 

W i t h t he a b s en c e  o f  hea t s tress . Rogerso n � a l . ( 1 96 8 )  and 

Ledger � a l . ( 1 9 7 0 )  no t ed tha t the wa t er requiremen t s  o f  Z ebu a nd 

Zebu 

tempera te c a t tl e  are no t signif ican tl y d i f ferent . The concl uded tha t 

wi t ho u t  hea t s t res s  the frequently  inf erred lower wa ter requirement  o f  

Zebus may more truely refl ec t  a lower d ry ma t ter intake b y  the Zebus . 

2 . l .  2 Othe r  Animal Fac tors Aff ec t ing VWI 

Pregna ncy. An increase  in VWI in l a te pregnancy have been 

repo r t ed in ewes ( Le i tch and Thomson , 1 94 4 ; Head , 1 953 ; Fo rb e s , 1 968 ) 

and in cows ( Lenkei t  � al . ,  1 966 ; Winches ter and Morr i s , 1 95 6 ) . The 

extra wa ter intake is onl y  par t l y  accoun t ed for by accumu l a t io n  in the 

u terus ; the inc rease in hea t produc t io n  a nd excretio n  a s  pregnancy 

progresses probabl y  accounts for mo s t  of  the increment in wa ter intake 

dur ing pregnancy ( Forbes , 1 9 7 0 ) . 
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However , a n  increase i n  VWI does no t always accompany pregnanc y ,  a s  

shown b y  Campl ing ( 1 966b) and Owen e t  al . ( 1 968 ) . There i s  no apparent 

explana t ion for these d ifferenc es in the effect  of pregnancy on wat er 

intake in these experiments ( Fo rbes , 1 97 0) . 

Lac ta t ion . Lac ta t ing cows drink more wa ter than their dry counter-

par ts ( Campl ing , 1 966 ; Owen � al . ,  1 968 ) . 

obviously  increases requirement s  o f  wa ter . 

The produ c t ion  o f  milk 

In add i t io n  to the vTater 

of milk , there is an increased need for wa t er to mee t  the requirements  

o f  h i gher feed consump tion and  hea t produc t ion . 

Age . In general , young animal s  require more wa ter  per unit body 

we igh t than older anima l s  und e r  the same cond i t ions . Bod ies of young 

animal s  contain rel a t ivel y mo re  wa ter per unit  weight t han those o f  

adul ts .  In add i t ion , young a n ima l s  are generally mor e  metabol ically 

ac tive than are older anima l s . This nec e s s i ta t es inc r eased ur ine 

exc r e t io n  to remove was te produ c t s  of  me tabolism (Kirkb r ide . 1 9 7 3 ) . 

Ac t i v i ty .  Inc reased ac t iv i ty , bo th physical and metabo l ic , raises 

the amount o f  wa t er which mus t b e  removed by way of the urine in o rd er 

to el imina te metabo l ic was t e  produc ts . Working and growing animal s 

have grea ter wa ter requirements  than do less  ac t ive and ma ture animal s 

( Kirkb r i d e ,  1 9 7 3 ) . 

2 . 2 Food Fac tors Aff ec t i ng VWI 

The VWI is grea tly affec ted by food fac tors . The clo s e  

correl a t ion b e tween VFI and VW I  ha s been d iscussed ( S ec tion 1 . 1 . 2 . 3 ) .  
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2 .  2 . 1  Type o f  Die t 

An o u t s tanding c harac teri s tic of  feed tha t affec ts  VWI i s  the water 

con tent o f  the f e ed . Dry ma t ter content  o f  the forage has b een shown 

to b e  c losely  rela t ed to wa ter intake . When cattle  have acc ess  to f eed 

which contains c o ns i d e ra b l e  amount of wa ter , their need for dr inking is  

reduced . For examp l e ,  dry cows f ed only hay consumed 4 2  kg o f  wa t e r  

per day ; when they were fed hay and s ilage , they consumed only 3 4  k g  a 

day (Atker su rt and Warren ,  r epor ted by Syke s , 1 9 5 5 ) . Wil son e t  al . 

( 1 9 6 2 )  found tha t wa t e r  consump t ion o f  cows grazing in Trinidad was 

i n v e r s e l y  rel a ted t o  the wa ter con ten t o f  the grass . 

The p ro t e in c o n t e n t  o f  the d i e t  also has an ef fec t on VWI . 

Ca t tl e  d r ink mo re wa t e r  when fed on a high-pro tein than on lower pro tein 

d i e t  ( Payne , 1 9 6 3 ; Ro gerson ,  1 9 6 3 ) . The h i gher pro tein l evel resul ts  

i n  mo r e  n i t r o ge nou s end - p roduc t s  which require  a higher obl iga tory 

u r i ne vo l ume fo r e x c r e t io n  ( Ro ub ic ek , 1 9 6 9 ) . W i th d ie t s  o f  equal 

p ro t e i n  cout  nt c a t t l e  J r ink lea s t  wi th  high c arbohydra t e  and low fa t .  

Ca rbohyd ra t e  in the d i e t  p rovides the mo s t  oxida t ion wa ter per c a l o r i e  

( Ro ub i c c. k ,  1 9 6 9 ) . 

At the same dry ma t ter intake , wa ter i ntake was lower on l ow­

qual i ty-ro ughage ( low-pro t e in l evel ) than h igh-pro tein roughage (Verc o e ,  

1 9 6 7 ) , probably due to the reduc ed ni trogeno u s  outpu t o n  the low­

qual i ty d i e t  which  requires l e s s  wa ter for the excre t ion . 

2 . 2 . 2  Other Foo d  Fac tors Af fec t ing VWI 

The higher the propor tions of mineral s  in the d ie t ,  the larger the 

urine exc r e t io n ,  and a ccord ingly , the larger the water r equirement . 
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The sal t content o f  f eed or wa ter influenc e s  water intake ; for examp l e ,  

c a t t l e  d r ink a n  add i t ional 2 3 0  t o  4 4 0  ml o f  wa ter f o r  each gram o f  sal t 

inges ted when 1 or 2 %  sal t i s  added to a d i e t  o f  c hopped l ucerne hay 

( Roubicek ,  1969 ) . 

Some foods have d iure t ic proper t ies tha t are responsible for 

increased drinking . The higher wa ter intake o f  sheep on lucerne hay 

compared wi th grass  hay is a t tribut ed to the  d iuret i c  proper ties  o f  

the lucerne hay ( See Roub ic ek , 1 9 6 9 ) . There is  some ind irec t evidence 

tha t fa t in the d ie t  may have some anti-diuret ic ef f ec t s  ( Roub ic e k ,  1 96 9 ) . 

2 . 3  Environmen tal  Fac tors  Af fec t ing VWI 

Hea t s t ress produces a demand fo r large quanti ty  o f  wa ter for 

th�rmoregu1 atory coo l i ng of the body . Low humid i ty has tens lo s s  o f 

bod y  wa t e r  thro ugh per s pi ra tio n  a n d  r e s p i ra t io n . 

2 .  3 .  l Hea t  S t r e s s  Due to High Tempera ture 

The effec t s  o f  h i gh tempera ture on VWI have been reviewed by 

Bianca ( 1 9 6 5 ) ; Thompson ( 1 9 7 3 ) ; Winc hes ter a nd Morris  ( 1 956 )  and 

Payne ( 1 9 6 6 ) . 

When ruminan t s  a r e  exposed to high ambient  tempera tur e ,  they may 

use water  in at lea s t two ways  to remove hea t from the body . Firs t l y , 

wa ter i s  used for evapo ra t ive cool ing . S econdly , wa ter which i s  

consumed i n  exc ess  o f  me tabol ic needs and which i s  inges t ed a t  a 

tempera ture lower than body tempera tur e ,  when excre ted a t  body 

tempera ture in the urine or in the faec es , r emoves hea t from the body . 
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The amount of  voluntary wa ter intake by  c a t t l e  in a ho t environment 

is influenc ed by three  fac tors : the severi ty of the thermal s tr es s ,  the 

amount o f  dry ma t ter ea ten and b re ed . 

The increased VW I  wi th rais ing environmental tempera ture is  well 

documented ( Vercoe et al . ,  1 9 7 2 ;  Vercoe , 1 9 69 ; Verco e  and Fri sc h ,  

1 9 7 0 ;  Sharma and Kehar , 1 9 6 1 ; Vohnont and Ba t eman ,  1 97 2 ;  Bailey and 

Bro s ter , 1 95 8 ; Bianca � al . ,  1 9 65 ) . 

To account for the effec t o f  f eed intake , several workers have 

r e l a t ed the VWI to dry  ma t t er intake . Winches ter and Morr is ( 1 9 5 6 )  

r ev iewed the effec t o f  increasing amb ient temperature taking dry ma t ter 

i n take changes into cons idera tion . I n  the tempera ture range of  - 18° 

0 to 4 . 4 C ,  the wa ter i n take per unit dry ma t ter intake is cons tant . 

The quan tity  o f  wa ter per uni t o f  dry ma t ter intake consumed by ca t tl e  

increases  with an acc el erated ra te a s  tempera ture r ises above 4 . 4°C .  

The l i tres o f  wa ter d runk per kg dry ma t ter ea ten increased by a 

fac to r o f  two be tween 4 . 4°C and 3 2 . 2° C .  Cold i t z  and Kel laway ( 1 9 7 2 ) ; 

Ba iley and Bro s ter ( 1 9 58 ) ; Sharma and Kehar ( 1 9 6 1 )  a l so found tha t 

heat s tress increases VW I  per kg dry ma t ter intake . 

Wi tho u t  taking dry mat t er intake into account ,  to tal wat er 

consump tion  may decrea s e  wi th inc r ea sing tempera ture a s  shown for 

Jersey,  Hol s tein and Brown Swiss cows at abo u t  2 9°C ( Ra gsdale � al . ,  

1 94 9 ,  1 95 1 ; Winche s ter , 1 9 64 ) . This was probably due to the decreas e  

i n  dry ma t ter  in take and the a s soc ia ted reduc t ion in milk yield . 

Al though there was an inc rease in the requirements o f  wa ter for 

thermo regul a tion a t  the higher tempera ture , thi s was o f f s e t  by a 
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reduc tion in the wa t e r  requirements for me tabol ism . Brahman cows kept 

under  t he same cond i t ions a s  the  Brown Swis s  cows , d id no t r educe the ir 

wa ter intake , but  a c tual ly  increased i t . B ianca ( 1 9 6 5 )  expla ined tha t 

this  wa s due to l ow f e ed intake and milk produc tio n  o f  the Brahman cows 

a t  lowe r tempera ture which decrea s ed only s l ightly at h igher tempera ture . 

The e f fec t of  amb i e n t  tempera ture on VWI of  d iff er en t  breeds o f  

ca t tle  al so var ies . U i�er the same h igh amb i ent tempera tur e ,  Zebu- type 

c a t tle  have a l ways  been observed to drink l e s s  wa ter than t empera t e  

b r eed s . Th i s  h a s  been shown when wa ter intake was adj u sted  for 

l i vewe igh t by  Ke l laway and Co l d i t z  ( 1 9 7 5 ) ; Co l d i t z  and Kellaway ( 1 9 7 2 ) ; 

P h i l l i p s  ( 1 9 60 ) ; Horrocks and Ph i l l lp s  ( 1 9 6 1 ) ; w hen adjus ted for d r y  

ma t t e r  i n t a ke b y  Winc h e s ter and Mo rris  ( 1 9 5 6 ) ; Phill ips  ( 1 9 6 0 ) ; 

Co l d it z  a nd Kel l away ( 1 9 7 2 ) . 

I t  o l sn a p p P o r s  t ha t  accl ima t i zed ca t t l e  require  l ess  wa ter than 

unac cl  i ma t i .t <:•d e a  t t l e  w h e n  kept  at h i gh amb i e n t  tempera ture (Jo hnson 

Y ec k , 1 9 64 ) ,  probabl y because of grea ter abil i ty in conserva t ion o f  

wa ter i n  u r i n e a nd faec e s . 

As no ted b e fore , in a ho t envi ronment , the  inc reas ed evapora t iv e  

lo s s  o f  wa t er f rom ca t tl e  may be aggrava ted by a d ec r ea s e  in humid i t y , 

thus may ma ke an inc reased wa ter in take nec e ssary . This i s  shown by 

Sharma a nd Kehar ( 1 9 6 1 )  who found that the increased wa ter intake was 

grea test  in low-humid i ty areas in a ho t env i ronment . 

2 . 3 . 2  Wa ter Depr i va tion in Ca ttle  

It  is  d i f f icul t to  def ini tel y  e s tablish wa ter requirements for 
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c a t t l e  because o f  the wide range o f  var i a tions under d if f erent 

cond i t ions . However , i f  the wa t er requi r ement s  are no t met ,  there 

are impo r tant  consequences . 

When water i s  res tric ted to the point  that dehydra t ion occurs , 

c a t t l e  reduced their f eed intake ( Bond � a l . ,  1 97 6 ;  Frenc h ,  1 95 6 a ; 

B ianc a , 1966 ; Tho r torn and Ya tes , 1 9 68 , s e e  also Payne , 1 966) , 

( See Sec t ion 1 . 1 . 2 . 3 ) .  In an a t temp t to conserve wat er they a l so 

reduce the output o f  wa t er in ur ine and faec es ;  this e f f ec t  i s  mo r e  

pronounced i n  B .  ind icus than i n  B .  taurus ( Payne , 1 9 63 ; Kirkb r id e ,  

1 9 7 3 ) , and may contr ibute to the  greater abi l i ty o f  B .  ind icus to 

conserve  wa ter dur ing wa ter d epriva t ion . 

Bonsma ( 1 94 9 ) , Ph i l l ips ( l 9 60b ) and Payne ( 1 965)  have shown t ha t  

under the snme env ironmental cond i t ions B .  ind icus d o  no t reduce their 

f eed in take to the s ame extent as �·  taurus when deprived of dr inking 

wa ter . However , B .  indicus have a lower f eed intake to begin wi th . 

In spite  o f  the  reduc t ion  in feed intake when deprived of wa ter , 

which may be accompanied by a fall in metabol ic hea t produc tion,  the  

anima l s  are less  abl e to  tol era t e  heat  than when they have wa ter 

ava ilable ( B ianca , 1 9 66) . The reduc tion in heat tol erance i s  the 

resul t o f  a decreased rate of evapora t ion . 

The benef ic ial e f f ec t  of  shor t-period wa ter depriva t ion in 

c a t tl e , if any at al l ,  is the inc r ea s ed d igestibil i ty of forage by the 

anima l . Increa s ed d ry ma t ter d iges t ib il i ty by c a t tle on restric ted 

wa ter regimes has b e en repor ted by Tho r to rn and Yates ( 1 9 68 ) ; French 
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( 1 9 5 6 a ) ; Phil l ip s , U9 6 1 ) . The explana t ion  for this  increase  has 

genera l l y  been a t tributed to  a s lower rat e  o f  passage o f  the d igesta 

through the gu t .  However , i t  may be  j u s t  b ecause o f  the  red uc t ion  of  

dry ma t t er intake , as  shown in sheep by Blaxter e t  a l . ( 1 956 ) ; o r  

because o f  the inc reased produc t ion of  add i t ional sal iva ( Payne , 1 966) . 

The short- term effec t  o f  wa ter d epriva t ion on the l ive weigh t 

gain o f  ruminants  can be drama t ic (Mac farlane � al . ,  1 956 ; Payne , 

1 9 65) , b u t  this may be l argely due to loss  of  body wa ter . The long-

term e f f ec t s  are no t wel l-do c umen ted , but  s inc e wa ter  d epriva t ion  

red uc e s  VFI , i t  can be  expec t ed to  reduc e l ive weigh t g a in . 

As dehydra t ion of  t he an imal inc r eases ,  the body t empera ture rises 

and the heart  ra t e  increases . As wa ter i s  lo s t  f rom the blood , the 

to tal vo l ume of the blood dec l ines and its visco s i ty increases . 

Und er c ond i tions o f  severe dehydra t ion , the body i s  no longer able to 

produ c e  suf f i c ient urine to el imina te body was tes , and uremia d evel ops . 

Con t i nued loss o f  wa ter causes  dea th (Kirkb r ide , 1 9 7 3 ) . 

Once normal wa t er in take i s  res tored , following a period o f  

res tr i c t io n ,  there i s  no e f f ec t on heal th , provided tha t dehydra t ion 

has no t been too severe ( Rou b i c ek ,  1 9 69 ; Bond � al . ,  1 9 7 6 ) . 

2 . 3 . 3 Ho t Environment w i t h  Wa ter ad l ib i tum 

I f  c a t tl e  are provided w i t h  wa ter ad l ib i tum in ho t environments 

their wa ter me tab o l ism may be  d i f f eren t  f rom normal (Thompson ,  1 97 3 ) . 

The c a t t l e  wil l increase VWI , reduc e  dry ma t ter intake when expo sed to 

hea t s tr ess  wi th ad l ib . wa ter . The wa ter loss in the faec e s  i s  
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reduced b u t  inc reased in u r ine . There are  a l so o ther change s : -

d i l u tion o f  b lood , inc r ea sed to tal body wa ter  content and incr eased 

wa t e r  turnover rate . Thes e  changes in wa ter me tabol ism are  a s scc ia ted 

w i th improved capac i ty fo r cool ing by swea t ing and resp ira t ion and 

r enal outpu t . Thus , an ad equa t e  intake o f  free  wa ter is l ikely to 

a s s i s t  the  r uminant to improve i t s  "heat to l eranc e" .  There is  

evidence for t h i s  in  the  exper imen ts  r eviewed by  Payne ( 1 9 6 6 ) . 

Reduc ing the tempera ture o f  the wa ter has been shown to have mo r e  

e f f ec t  o n  hea t regula t ion than rais ing the amount drunk (No f f s inger 

et a l . ,  1 9 6 1 ; Ba i l ey � a l . ,  1 96 2 ; Cunningham � al . ,  1 964 ) . 

Coo l i ng o f  wa ter had a l s o b een shown to red uc e the amount o f  wa ter 

d r u n k  dur ing hea t s t re s s  ( Winches ter and Mo rris , 1 9 56) . 
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I ll DI GESTIBILITY 

Appa r en t  d iges t i b il i ty of  a f eed and i t s  cons t i tuen m i s  a measure 

o f  the  percentage of  the inges ted f eed o r  its  cons t i tuen� which does  

no t appear i n  the faec e s . Thu s ,  i t  determines the amount o f  nutrients  

an animal can ob tain f rom the feed , and a h i gh d iges t ib il i ty i s  h i ghly 

d e s i rabl e .  

The ma in fac to rs  a f f ec t ing d ig e s t ibil i ty a r e  gene t ic ( breed ) , food 

and hea t s tress fac tor s .  

1 .  Gene tic ( b reed ) fac tor s  

A number o f  compa ra t ive t r ia l s  concerning t he d iges t ive  e f f ic iency 

of B .  ind ic us and � ·  tau r u s , showed tha t  the express ion o f  breed 

d i f ferences  i n  d iges t i b i l i ty i s  var iabl e .  

Low-qual i ty d i e L s . �illny have shown tha t c a t t l e  wi th Z ebu b l ood 

a r e  super i o r  in dry ma t t e r  ( OM) a nd n i trogen (N) d iges t ib il i t i e s  when 

f ed low-qua l i ty d i e t s  ( Duc kwor th , 1 94 6 ;  Ashton ,  196 2 ;  Phill ips , 1 9 6 1 ; 

H owes � a l . ,  1 9 63 ; P h i l l lps  � al . ,  1 9 60 ; Vercoe and Spr ingel l , 1 9 69 ;  

Moo r e  � al . , 1 9 7 5 ) . Some found no s ignif icant  d i f f erenc e  b e tween the 

two types of c a t t l e  in d iges tib i l i ty ( Ol b r ich � al . ,  1 9 7 3 ;  Karue e t  

� . , 1 9 7 2 ;  Frenc h ,  1 940 ; Arman and Hopc ra f t ,  1 975 ; Kel l away and 

Co ld i t z ,  1 97 5 ) . 

High-qual i ty d ie t s . The breed d if ferenc e s  in DM and N 

d iges tibil i t ie s  with high-qual i t y d i e t s  are no t c l ear . Vercoe ( 1 96 6 ,  

1 9 67 ) , Vercoe � al .  ( 1 9 7 2 )  showed tha t Z ebu o r  Zebu c ro s sbreds are  

superior in  d iges t ib i l i ty to  Bri t i sh breeds  when fed  high-qual i ty d i e t s . 
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Verc o e  and Fri s c h  ( 1 9 7 0) found no s igni f icant d i f f er ence whi l e  Moore 

e t  al . ( 1 9 7 5 )  found tha t dige s t ib i l i ty was h igher for  Herefords than 

Brahmans . 

S ince diges t ib il i ty may b e  a f f ec t ed by the l evel o f  f eed ing and 

there is al so a t end ency for the breed s to respond d i f f erently to the 

l evel of  f eed ing ( see Sec t ion  1 1 1 . 2 ) ,  the above experiments  w i th 

high-qual i ty d ie t s  were done wi th f ixed l evel o f  feed ing , never thel e ss , 

the resul ts are  variable . 

Overall , Zebus or  Zebu c ro s sbred s  appear to be s l igh tly  mor e  

e f f i c ient than B r i t i s h  breeds i n  diges t ing d r y  ma t ter and ni tro g en o n  

low-qual ity  d ie t s  ra ther than high-u ual i ty d ie t s . When the animal s 

a r e  f ed low-qua l i ty d ie t s ,  the Zebu o r  Zebu crossbred ca t tl e  have never 

been inf erior  to British  breed s in d iges t ib i l i ty ,  al though they have 

no t a lways been super i or . 

Mo ran and Verc o e  ( 1 9 7 2 )  reviewed a to tal o f  1 07 d iges t ib i l i ty 

t r ial s ,  and the i r  anal ysis showed tha t  apparent ni trogen d iges t ib i l i t y 

was on  average 2-4% higher in Zebu cro ssbred s . 

Heri tab il i ty o f  Dige s tive Ab il i ty 

Very f ew a t t emp ts have b een made  to  d e termine the her i tab i l i ty o f  

d iges t ive abi l i t ies wi thin types o f  c a t tl e .  Reid ( 1 96 2 )  concluded 

from a comprehensive review o f  l it era ture tha t variab il i ty in d igest ive  

powers be tween ind ividual s  was  so  low tha t po ssib i l it ies for gene t ic 

improvement were very small - probably too sma l l  to j us t i fy selec t ion 

s tud ies . Thi s  is  conf irmed by Blaxter ( 1 9 67 ) . 
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Apparent l y ,  gene tically  d e termined d i f f er enc es in the abil i ty to 

d iges t foo d s tuf f s , if  they exi s t ,  are of such small  magni tude as to be 

o f  doub tf u l  prac tical s i gnif icanc e ;  thi s  i s  the conclusion mad e  by  

Warnick and  Cobbs ( 1 9 7 5 )  af ter reviewing the  ava ilable  l i tera ture . 

Bu t ,  in the tropic s ,  a s  mo s t  o f  the feed s  a r e  o f  low qua l i ty ,  these 

d if ferenc e s  might be of some p rac tical s ignif icance . However , 

accord ing to the da ta Preston and Wil l i s  ( 1 9 7 5 ,  p . 1 7 1 )  had accumula ted 

in Wes t  Indies , des p i t e  super ior d iges t ive e f f ic iency in ! ·  ind icus on 

a low-pro tein diet compared with B .  taurus there wa s no d i f f erenc e  in 

grow th r a t e . 

2 .  Effec t s o f  Food Fac tors on Diges t i b i l i ty 

Two impo r ta n t  food fac to rs which a f f ec t d iges tibil i ty are the type 

o f  food and the l evel o f  feed ing . 

2 . 1 Type o f  Die t 

At  the same l ev e l  o f  feed in g ,  a h igh concentra te ra tion i s  mor e  

dige s t ib l e  than a h i gh roughage ratio n . This i s  because a high concen t r a te 

ra t ion conta ins a high concen tra t ion of sugar s  or easily hyd ro l y s ed 

carbohydra tes such a s  s tarch and fruc tosan which resul t in low faecal 

lo sses , while  a high roughage ra tion is  a s so c ia ted wi th the presenc e of  

large amounts o f  s tr uc tural consti tuen ts - l ignin, c el lulose and 

hemic el lulo se , which  give high faecal l o s se s . In general , d iges t ib i l i ty 

i s  inversely propo r t ional to the fibre content o f  the d ie t .  

There i s  considerable  evidence to show tha t ,  when mixtures c f  

d i f ferent f eed ing s tu f f s  are given to ruminan ts , the apparen t  

dige s tib il i ty o f  t h e  mixture i s  no t nec es sarily  the same a s  the weighted 
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sum o f  the a p paren t  d iges t ibil i ties  o f  i t s  components . Thi s  is  known 

a s  assoc ia t ive d iges t ibil ity and is d escr ibed by Blaxter ( 1 9 67 ) . The 

add i t ion o f  a l a rge amo unt of  conc en tra tes ( e . g .  s tarch grain) to 

roughage d i e t s  o f ten cause a depression in d iges tibil i ty o f  the roughage , 

which par t l y  explains the reason for d epressed voluntary intake o f  the 

roughage a s  no ted in Sec tion 1 . 2 . 2 . 1 .  This e f fec t can b e  a ccounted f o r  

b y  the fac t tha t the rapid growth o f  s tarch-ferment ing o rganisms resul t s  

i n  a rapid depl e t ion o f  the soluble  nitrogen and po ssib l y  o ther essen tial 

nu trien t s  in the f luid phase of the rumen . The cellul o l y t ic flora is  

depressed in  consequenc e .  On the o ther hand , the add it io n  o f  a sma l l  

amount  o f  concen tra tes to  a roughage d ie t ,  especially tho s e  o f  very low 

pro t ein conten t ,  can o f ten cause a n  increa se in the d iges t ion  of the 

roughage , which is  one of the reasons for an increase in volun tary in take 

of the roughage . Th i s  effec t i s  probab l y  due to the ex tra ni trogen 

suppl ied b y  the concen t ra te s  for the c el l ul o l y t J c  organisms whic h enab l e  

them t o  f unc tion mor e  vigorousl y . 

There  i s  some ind i ca t ion tha t a f t er a period of  t ime ruminants 

adapt  to mixed d ie t s , and tha t a s socia t ive e f f ec ts t end to be sma l l  

provided suf f ic i ent t ime has elapsed to enable  the mic ro f lora o f  the 

rumen to adj u s t  to its changed s ubs trates ( B laxter , 1 9 6 7 ) . 

The apparent d iges tib i l i ty o f  the d ie t  is  grea t l y  d epressed by 

the addi t ion o f  l ipid s . The r ea son is  unc l ear . Blaxter ( 1 9 6  7 )  

sugges ted  tha t the associa t iv e  e f fec t s  o f  l ip id s o n  the d iges tib il i ty 

o f  s tr uc tural carbohydra te is  in t ima tely conc erned wi th rumen 

fermen ta tions . 



The h erbage from tropical pas ture plants i s  always o f  low nu tri t iv e  

value . This is  ma inly b ecause trop ical pas ture plants are  mor e  f ib ro u s  

and a r e  l ess  diges tible  than temp era te plants  harves ted a t  s imilar 

s tages o f  growth . The d iges t ib il i ty o f  young grass rar ely exce ed s  7 0% 

and decreases a t  a ra t e  of  0 . 1 d i ge s t ibil i ty u n i t  per day w i th advanc ing 

ma tur ity (Minson , 1 9 7 1 ) . High tempera ture a nd wa ter s tress  to which 

plants in the tro pic s are o f t en sub j ec ted are the main causes o f  the 

mean 1 3  d iges t ib i l i ty units  d i f f erenc es r ecorded be tween tropical and 

tempera te  s pec ies (Minson and Mc Leo d , 1 9 7 0) . However , the qual i ty o f  

improved and planted pas tures , pa r t icularly l e gume s ,  do no t decl Lne a s  

rapidly with age a s  mo s t  na t ive pa s ture (Mi l f o rd and Minson ,  1 9 6 5 ) . 

2 . 2  Effec t o f  Leve]  o f  Feed Intake  on Digestibil i ty 

The resul ts o f  d i ges t ibil i t y  s tud i es wi th respec t to the infl uenc e 

of  the l evel of  feed i ng o n  d iges tibil i ty have  been rather variabl e .  A 

decrease in dige s t i b i l i ty when the consumed f eed quant i ty inc rea ses  i s  

o f ten observed , b u t  some inve s t iga t ions showed unchanged , or  even h i gher 

d iges tibil i ty wi th i nc reased f eed consump t ion  ( see Wiktorsson , 1 97 1 ;  

Brown , 1 9 66) ; in their reviews i t  was sugges ted tha t the d i f f erenc e s  

in the resul ts  may b e  due to s everal reasons , but the mo s t  impo r ta n t  

ones seem to b e  t h e  c ho ic e  o f  feed s tuf f s  and the experimental d e s ign . 

The kind and physical form o f  the d i e t s  seem to be  an impo r ta n t  

de terminant  i n  the e f fec t o f  l evel o f  f eed ing on d iges t ib i l i ty . I n  

al l fo rage ra tions , the depres s ion in d i g e s t ibility when quant i ty o f  

feed consumpt ion i nc reases , was more  pronounced when forages were 

f inel y ground or  ground and pel l e ted than when fed a s  long o r  cho p p ed 

forage ( Blaxter and Graham , 1 9 56 ; Campl ing e t  al . ,  1 9 6 3 ) . The 
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exten t to which d i ges t io n  was depres sed appea r  to be rela ted to the 

f ineness o f  grind ing of the forage ( Blaxter and Graham, 1 9 5 6 ; Blax t er 

� al . , 1 9 5 6 ) . When l o ng roughage has been the only f eed , apparent 

d iges tib i l i t y  is the same r egard l e s s  o f  the qua n t i ty of f eed consumed 

o r  there is onl y  a sma l l  d ec rease  ( And er sen � al . ,  195 9 ;  Blaxter  

� a l . ,  1 9 5 6 ) . 

The dec rea se in d iges tib i l i ty of  mixed ra t ions ( roughage and 

conc en tra t e s )  assoc i a t ed wi th inc reased l e v e l of f eed ing is var iab l e . 

Several  repor ts  have  i nd ica ted l i t t le o r  no d e c r ease in d iges t io n  o f  

m i xed ra t ions wi th i nc r ea s i ng l evels o f  intake , while o ther s repo r ted 

s igni f ic a n t  depression  ( see Wikto rsson , 1 97 1 ;  Brown , 1 96 6 ) . 

The d ec rease in d iges t ibil i ty assoc ia ted wi th high l evel o f  

f eed ing appea r s  t o  b e  d u e  to sev e r a l  fac to r s . The reduc t ion  in 

r e t e n t i o n  time in  the gu t may be  the ma in cause . Regardless  o f  the 

phy s ic a l  form of roughage , an inc reased l evel  of  f eed ing genera l l y  

resul ts  i n  a dec r ea s ed r� tention time of  d ig e s ta i n  the d iges t ive tra c t  

( B l a xte r ,  1 9 6 7 )  and g r i nd i ng o f  forages may d ec rease the re ten tio n  t ime 

fur t he r . This may ,  thus explain the mor e  pronounced depression o f  

diges t i b il i ty when f o rages a r e  ground . 

The signifi c a nc e of  depr e s s ions in d iges tib i l i ty a s so c ia ted wi th 

level o f  feed ing need no t nec e s sarily  be o f  grea t consequenc e to energy 

metabo l i sm o f  the animal (Wikto rs son , 1 9 7 1 ) . There is  evidenc e o f  

compensating changes in the l o s ses o f  energy a s  methane and in the 

urine when d iges t i b i l i ty i s  dep res sed at high l evel of feed ing 
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( Blaxter and Wainman , 1 96 1 ; Flat t ,  1 9 66) . Thu s , the ef fec t on  the 

intake of metabo l isabl e  energy (ME)  by  the animal d ue to depression  in 

d iges tib il i ty if  any , on h igh p lane of f eeding may be sma l l  and 

ins i gnificant i . e . ,  ME/GE % may no t b e  affec ted , b u t  before this can b e  

conc l uded unequivocal ly ,  mo re evidenc e i s  required . 

3 .  Hea t S tress and D iges tibil i ty 

Al though it  is  no t ye t full y  und er stood how a ho t environmem: 

a f f ec t s  d iges t ion,  the d i ge s tib ility  o f  feed seems to improve sl ightly  

und er cond i t ions of  mild  heat  s tress . This was shown by  Blaxter and 

Wainman ( 1 9 6 1 ) ; Davis  and Mer ilan ( 1 9 60) ; McDowell e t  a l . ( 1 969) . 

When it  is d ivided into d r y  ma tter and nitrogen d iges tib i l i t ies , mo s t  

o f  the repo r ts shaVEd n o  signif icant ef f ec t  o n  ni trogen d iges tib i l i ty due 

to heat s tress  (Vercoe and Frisch , 1 9 7 0 ;  Verco e ,  1969 ; Col d i t z  and 

Kellaway , 1 9 7 2 )  but  showed Sight inc rea se in dry ma tter d iges t ibility 

( Vercoe and Frisch ,  1 9 7 0 ;  Verco e ,  1 9 69 ; Cold i tz and Kel laway , 1 9 7 2 ;  

Johns ton e t  a l  . ,  1 9 6 1 ; Vercoe � a l . ,  1 9 7 2 ) . 

However , d iges tib i l i ty does no t always inc r ease with hea t s tress . 

Vercoe ( 1 9 6 9 ) ; Olbr ich � al .  ( 1 9 7 3 )  found no s ignif icant change in 

d r y  ma t ter d iges tib il i ty due to high temperature . Kellaway and 

Col d i t z  ( 1 9 7 2 )  sugge s t ed tha t the trend for an increas e  in d igestib i l i t y  

w i th high tempera ture wa s largely accounted for by d i f f erences in f eed 

in take . As d iges tibil i ty may inc r ease when f eed intake d ec r eases  

( see Sec t ion 1 1 . 2 ) , the reduced vo l un tary intake i n  t h e  ho t cond i t io n  

may be par t  o f  the reasons o f  the  sl ight increase in d iges tibil i ty .  

The al ter a t ion  o f  rumen mo til ity is  a l so though t to play a par t  in the 

change of d iges t ibil i ty in the hea t . I t  was found tha t a high 
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tempera ture causes a d e crease in rumen mo til i ty and thus d ec r eases  the 

ra te o f  pas sage o f  d ig e s ta , and consequently may inc rease d igestion  

(At tebery and Johnson , 1 9 69 ) . 
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The charac ter i s t ic s  tha t mos t  d ir ec tly  measure produc t iv i ty are  

fer ti l i ty ,  growth ra t e ,  body compo s i t io n  and mor ta l i ty ( Turner , 1 97 5 ) . 

I t  i s  unl ikely tha t any b reed will prove super ior in a l l  produc t ive 

tra i ts . The main conc ern here is  performance in growth ra t e . A 

breed performing well in one cond i tion w i l l  no t necessarily do so in 

ano ther . An a tt emp t i s  made here to d iscuss  the rela t ive meri t  o f  

d i f ferent breed s under tropical cond i t ions . 

1 .  Gene t ic Differenc es in Growth Ra te 

Dif ferent b r eeds of ca t tle  exis t  in var ious par t s  of the world  

and gene tic d i f f erenc es in  growth rate c er ta inly exi s t . Al though 

descr ip tions o f  many of  these breed s a r e  available ,  together wi th .  

e s t ima tes o f  thei r  pe rformanc es ( grow th ra te , reprodu c t ive performanc e ,  

e tc . ) , such e s t ima tes have o f ten been ob tained only for the environment 

in wh ich each breed is  usually run , so t ha t  genet ic d if f erenc e s  in 

produc t iv i ty b e tween breed s canno t be separa ted from environmen tal 

e f fec ts .  I t  i s  l ikely  tha t ind igenous breeds have become adap ted to 

their environmen t and may be capabl e  of grea ter produc t ivi ty than 

exo tic breeds under tha t environment .  

1 . 1  Bos taurus 

In the t empera te cond i tions , a growing amount of informa tion is 

becoming available on the c ompara t ive performance of !·  taurus and i t  

i s  possible to c lassify the breeds into groups (Manson ,  1 97 1 ) : 

Group 1 .  Thi s  inc l ud e s  Charol a i s , S immental , Chiana , Romanga 

and German Yellow .  Present resul t s  s how l it tl e  d i f f er ence b e tween 
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these b reed s in growth ra te , yield o f  r ed mea t ,  rate  o f  ma t ur it y , 

l eannes s  and calving d i f f icul ties . The f ir s t  four charac ters  o f  

these breed s are exc e l l en t  und er f avourabl e cond i tions , bu t the high 

ra tes of calv ing d if f icul ties d iscounts their mer i t  to a c er ta in ext en t . 

Group 2 .  This inc l udes  the Lirnousin,  Blonde  Aqu i ta ine , Maine-

Anj o u , South  Devo n ,  MRY and the Br itish  Fries ian . Thes e  breeds are 

sma l l er , s l ightly slower in growt h  rate  than group 1 ,  but a l so high 

yield ing a nd l ean . 

Group 3 .  inc lude s  the Con tinental Fr iesians , Devon ,  Sussex and 

Danish  Red . 

as  wel l . 

These c a t t l e  are sma l l er t han group 2 and l ower yield ing 

Group 4 .  i nc l udes the rema ining Brit ish beef breed s : Hereford , 

Angus ,  a nd Sho r tho rn . These b r eeds are early ma tur ing compared to 

o ther groups , have higher propens i t ies  to produce fa t at an earl ier 

age . Bu t ,  they have less  calving d i f f icul t ies . 

There is  a po s i t ive correla tion b e tween ma ture s i ze and abso l u t e  

daily  ga in , and a nega tive corr ela tion b e tween ma ture s ize and fa tness  

at  the same age , i . e . ,  breed s wi th a large ma ture s ize grow mo s t  

rapidly and ma ture mos t  s lowl y .  T he l es s  desirab l e  aspec t s  o f  large 

ma ture s i ze are mor e  calving d i f f icul t i e s ,  insu f f ic ient milk produc t ion  

o f  the darn, r educed fer t il i ty ,  lack  o f  r e s i s tance to c a l f hood d i s eases  

and nut r i t ional s tress ( Grops e y ,  1 9 7 5 ) . All these are broad 

general iza tions and exc ep t ions are eviden t . 
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The growth performance o f  � ·  taurus c a t t l e  with �·  ind icus under 

comparabl e  cond i t ions in sub- tropical and tropical countries  are  shown 

in Tabl e  1 .  S ta t i s t ical informa t ion compar ing breeds in the same 

cond i t io ns in tropical  areas i s  no t read ily available and mo s t  d a ta 

come from the Sou thern sub- tro p ic a l  s ta tes o f  U . S . A .  o r  the tropical 

areas of  Queensland or  experimen tal s ta t ions where gener a l  management 

l evel s and nutrition  must  be h igher than in mos t  trop ical d evelop ing 

countr i es . Und er these cond i tions ,  � ·  taurus c a t tle  seem to have 

higher growth ra te than B .  ind icus  c a t tl e ,  for example ,  the work o f  

Flourie and Harwin ( 1 967 ) i n  Sou th Africa and Will is a nd Pres ton  ( 1 9 6 8 )  

i n  Cuba ( Tabl e 1) . Amo ng the � ·  taurus breed s ,  the same trend o f  

growth ra te as shown i n  temper a t e  cond i tions occurs , i . e . , group 1 .  

anima l s  grow fas ter than group 2 ,  etc . 

However , i t  i s  no t known the degree to which these resul t s  can be 

cons idered appl icabl e to the developing tropical farming s itua t ions 

where a nimal  husbandry and nu t r i tion are poor . For example , the 

exper iment carr ied out under semi-ar id range cond itions in S .  W .  Afr ica 

by Bor s tlap ( 19 68 )  ( Table 1 )  s howed tha t t h e  growth ra t e  of  all  breed s 

were poo r  (average dail y ga in was about O . TI  kg/day) . The B .  taurus ---

were no t superior in growth ra t e  as observed before . These resul ts  

reveal ed two ma in po ints : 

( a )  With good husbandry  and nu tri tion in the trop ic s ,  �·  taurus 

may per form b e t ter than �· ind icus ; or as nu tr i tional plane is 

inc rea s ed , the superio r i ty o f  B. taurus becomes mor e  obvious . This i s  

ful l y  d emons tra ted in the Cuban trial which  used high energy d i e t s  and 

wher e  the Charo l a i s  super iori ty over the Brahman amounted to some 4 0% 

(Wi ll is and Pre s to n ,  1 96 8 ) . 
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TABLE 1 :  Breed Comparisons in Grow th Ra t e  under S ub- tropical o r  
Tropical  Cond i tions 

Breed 

S immen tal 0 . 27 
0 . 3 2 

Her e f o rd 0 . 2 7 
0 . 23 

Angus 0 . 20 
0 . 23 

S hor thorn 0 . 2 3 
0 .  2 7  

Sus sex 0 . 27 
0 . 2 7 

Sou t h  Devon 0 . 2 3 
0 . 1 8  

Red Poll 0 . 2 3 
0 . 2 7 

Pinzganer 0 . 2 7 
0 .  3 2  

Af r ic ander 0 . 2 7 
0 . 2 7 

Bulls  kg/ d ay 

Afr icander 0 . 8 9  
Brahman 0 . 8 6  
S immental 1 .  3 0  
Hereford 1 . 1 6 
Angus 0 . 94 
S ho r thorn 1 . 1 6  
Sussex 1 .  0 9  
Devon 1 .  06 
Gal loway 1 .  08 
Drakemberger 1 . 0 2 

S teers kg/ day 

Hereford 0 . 84 
Angu s  0 . 80 
Hol s tein 0 . 98 
Brahman 0 . 68 
Brahman x s .  

Ger trudi s  0 . 8 6 

Grow th Ra t e  

kg/ day 8 m th to 2� yr 
2� yr  to 3 1 '2 yr 

up to 200 m ths 
or 900 lb  

Cond i t ions 

s . w .  Afr ica 
Poor nu t r i t io n ,  
husbandry 

Sou th Afr ica 
Good nu tr i t ion 
and husbandry 

Tennessee Exp . 
S ta t ion ,  U . S . A .  
Good nutri t ion  
and husbandry 

Source s  

Warnick  ( 19 7 3 ) 
using the da ta 
of Bor tlap  
( 1 9 6 8 ) 

FlouriE: and 
Harwin ( 1 9 6  7 )  

Col e  e t  al . 
( 1 9 6 5-) 

-



TABLE 1 :  ( continued ) 

Breed 

Bul l s  

Charol a i s  

kg/ d ay 

1 . 2 
Crio l lo 1 . 00 

1 . 06 

Hol s te in 1 . 18 

Santa 1 . 1 6 
Ger t r ud i s 1 .  04 

Brahman t ype 0 . 88 
Zebu 0 . 8 6 

Growth Ra te 

90  days up to 
4 00 kg LW 

Cond i t ions 

Cuba 
H igh energy 
d ie t s  used 

7 1  

Sourc es 

Wil l i s  and 
Pres ton ( 1 9 68 ) 

-------------------------------------------------------------------------
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( b )  Wi th poor nutri tion and husbandry , � ·  taurus growt h  r a t e  

decl ines and they are no t a b l e  to exp r e s s  their growth po tentia l s  ful l y . 

1 . 2  B .  ind icus 

The B .  ind icus breeds  are wel l -adap ted to the tro p ic s  i n  terms of  

survival but  the ir growth rate i s  low compared to tempera te s tandard s .  

The compar i sons wi th B .  taurus has been d i scussed (Sec tio n  I V . l . l ) . 

I t  may be appro p r ia te to d ivide B .  ind ic u s  into two c a tego r ies . 

The more " d eveloped " ca tegory would inc lud e tho se  breed s l ike Brahman 

and Afr icander . They have  been used and s tud i ed extensively in sub-

trop ical  U . S . A .  and Aus t ral ia . I t  i s  po ssible  that due to this  

selec t ion  and bet ter ma na gemen t , their performanc e in growth is  

su p er io r  t o  t h e  second ca tegory which inc l udes  a l l  the thou sand s o f  

ind igenous ca t tl e  breeds i n  d i f f eren t par ts  o f  the tropic s ;  o f ten 

r e f e r r ed to as ' l o c a l ' or ' i nd i geno us ' breed s . These ca t tl e  grew 

mo re s l o w l y ,  b u t  il re Ino re to l e r a n t  l n  ha r s h  c o nd i  t lons . 

1. 3 Z e bu Cro ssbr ed s  

In  the early 1 9 50 ' s ,  the Queensland Depar tment o f  Pr imary 

Indus tries conduc ted a number of breed compar ison tria l s  in d if f erent 

areas , and these cons is tently showed high growth ra te  and lower lo s ses  

in � ·  taurus-�.  ind icus cro ssbred s ( A . M . R . C . , 1 9 7 5) . Thes e  s imilar 

resul ts have been repor ted from o ther par ts  of tropical r eg ions -

Will i s  and P res ton ( 1 9 6 9 )  in Cuba ; Demon e t  al . ( 19 5 9 )  in Gul f  Coa s t  

Region and i n  tropical c entres in Queensland and New Guinea (Rudder e t  

al . ,  1 9 7 5 ; Anderso n ,  1 9 68 ) . They all  agree with the ex tensive 

informa tion from sub- tropical U . S . A .  ( Koger � al . ,  1 9 7 3 )  ind ica t ing 
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tha t Zebu c ro s sbred s grow faster  than their purebred parents under 

summer cond i t ions . This adva ntage was least  under exc e p t ionally  

favourabl e  pas ture condi tions ( Turner , 1 9 7 5 ) . 

Some superio r i ty o f  cro ssbreds over purebred c a t tl e  is  to be  

expec ted in  view o f  pos s ib l e  h e t ero tic e f f ec t s  and this  is  l ikely to  be 

par ticularly so when one of  the contribu t ing breed s i s  the Brahman 

(Mc Cormic k and Sou thwell ,  1 957 ) . 

In  crossbred compar isons d is tinc t ion b e tween f i r s t-cro ss  anima l s  

and o ther crosses mus t  b e  d rawn . Al though d ir ec t compar isons o f  F 1 

and F2 are  few and always inconsisten t  ( Lampkin and Kennedy , 1 9 6 5 ; 

Sei f e r t and Kennedy , 1 97 2 ;  Warnick,  1 9 7 3 ) , the general evidenc e  i s  

t ha t  F2 c a l ves have a n  advan tage in pre-weaning growth from milk 

produc t i on of  their cro s sbred cows ; wherea s F 1 calves have an a d vantage 

of grea t e r  he t e ro s i s  in bo th p r e- and po s t-weaning growth (A . M . R . C . , 

1 9 7 5 ) . 

Ano ther impo r tant a t t r ib u te a s soc ia ted wi th p roduc tiv i ty o f  

cro s sb r e� i s  the i r  reproduc t iv e  per fo rmanc e .  The calving records a t  

Belmo n t  represent a wel l-d e f ined s e t  of  d a ta on hal f-breds ( S eebec k ,  

1 9 7 3 ) . The means summarized in Tabl e  2 have been correc t ed for e f f ec ts  

o f  a ge ,  lac ta t iona l  s tatu s  and  year . They showed a d rama tic contra s t  

b e tween the F 1 s ,  where the Brahman c ro s s  have the h ighes t f er til i ty ,  

and the F2-F3s ,  where the Brahman c ro s s  have the l owe s t  f er t i l i ty . 

The Afr icander cross  show consis tently  high f er til i ty ,  w i th no drop 

from F 1 to later genera t ions . The resul t s  empha si ze the impor tanc e  o f  

d i s tingui shing be tween F 1 s and o ther cro s sbreds , which has no t always  

been made clea r . 
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TABLE 2 :  Calving Perc en tages i n  Cro s sbreds in ' Belmont ' 

Seebeck ( 1 9 7 3 ) 

Genera t io n  Afr icander cross Brahman c ro s s  Hereford-Shor t ho rn 

7 6 . 4 

7 6 . 8  

8 1 . 2  

60 . 7  

TABLE 3 :  Ma in Recogni zed Cro s sbred s 

Name 

Bo ns mara 

Santa G e r trud i s  

Beefma s ter  

Compo s i t io n  

5 / 8  A f r i c a nd e r  3 / 8  S horthorn 

3 / 8  Zebu 5 / 8  S hor thorn 

� Zebu � H e r e f o r d  � Sho r thorn 

7 0 . 1 

67  . 1  

Country wher e  
f ir s t  b r ed 

Sou t h  A f r ic a  

U . S . A 

U . S . A .  

Drough tma s t e r  

Q ua s a i  

B ra ngu s 

R r a f o r d  

Admixture o f  B .  ind i cus and B .  taurus Aus tralia  

Cha r by  

� � · i nd ic u s  � � ·  taurus 

Brahman Angus 

Brahman Here ford  

� Brahman 3 / 4  Charolais 

Aus tral ia 

U . S . A .  

U . S  . A  

U . S . A . 



1 . 4 New Breeds 

Many new breeds have b een d eveloped bas ed on  an admix ture of 

B .  taurus and B .  ind icus as shown in Tabl e  3 .  Of the many " Z ebu-
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der ived"  breeds shown , the Santa Ger trud i s  i s  perhaps the mo s t  wid ely 

known and d is tr ibu t ed . The published d a ta on reproduc t ive  performance 

of  S .  Ger trud is a r e  few and they showed tha t they are poor (Wil l i s ,  

1 9 7 6 ) , al though i t s  rate o f  growth was sa t isfac tory a s  the compa r i son  o f  

Wil l i s  and Preston ( 1 9 6 8 )  shows in Tab l e  1 .  Wil l i s  ( 1 9 7 6 )  also 

ind ica tes  tha t it had sa t i s fac tory growth on high energy d iets . I t  

does s eem probabl e that  breed s  l ike Brangus ,  Brayford and Droughtma s ter 

will ou tga in Brahmans und er tropical cond i tions (Franc i s , 1 9 6 9 ) . 

For c ro ssbred s ,  i t  can be said tha t under rigorous cond i t io ns ,  the 

cro s se s  qu i te generally  have b een superior in growth rate to e i ther 

par ent breed s . However , und er improved or advanced managerial 

cond i tions in the tro pic s ,  the European b r eed s generally have performed 

more  favourably in growth . Attemp ts have been made to d evel o p  new 

breeds for ho t c l ima tes from a cro s sbred ba se . The Santa Ger trud is 

is  a no table example .  Much  cro s s ing o f  Ind ian type ca t tl e  with 

temperate breed s has a l so b een und er taken to provide tol eranc e to 

hea t s tress , res i s tance to tick and insec ts , and the abil i ty to 

sub s i s t  on spa r s e  f ibrous forage . 

In the tro p ic s ,  cro s sbreeding i s  basically a imed to combine the 

survival trai t s  of the �· ind icus wi th the produc tive  tra i t s  in 

B .  taurus . The probl em in crossbreed ing may no t be the c ho ice o f  

breeds , but  i n  d e termining the l evel o f  � ·  ind icus and !·  taurus b lood 

nec e s sary to ma intain produc tivity in the tropic s .  For examp l e ,  in 

F2 Brahman c ro s s , reproduc tive performanc e may d ec l ine . 



2 .  E f f ec ts o f  Nu t r i t ion  on  Growth Rat e  

7 6  

A comb ined d e f ic iency o f  pro t e in and energy is  usua l ly the maj o r  

nu tr i t iona l  l imi ta t io n  t o  c a t t l e  produc t io n  i n  d eveloping countr ies . 

Many ins tanc es of  this  d e f ic ienc y arise from the  poor qual i ty o f  forage 

wh i c h  i s  u s ually  the only f eed ava ilable  to c a t tl e . 

2 . 1  Tropical Pa s ture and Gro w t h  Ra te 

Direc t comparisons  o f  growth rate from t ro p ical pas ture are 

d i f f icul t because o f  the in terac ting fac to r s  such as environmen t ,  type 

and cla s s  of s to c k  a nd managemen t prac tic e s . 

Howeve r ,  the general l evel s o f  beef produc t ion  which can b e  

expec ted from ca t tl e  gra z i ng tropical pastures under reasonab l e  

p ra c t i c a l  managemen t  h a s  been e s t ima ted by S tobbs ( 1 9 7 5 ,  1 97 6 )  a s  

shown in Tabl e 4 .  These estima tes are based on  extensive exper imental 

wo rk c o nd uc ted b y  many wo r kers i n  10  d if ferent countries in the sub-

tro p i c s  or  trop ic s . These resul ts  showed tha t  ther e i s  a tremendous 

po t ential for improvi ng beef produc tion from tro p ical pa s tures , 

espec ial l y  in the humid tropic s .  For exampl e ,  by oversowing l egumes 

and u s i ng fertil i zer  i n  na tural grassland s ,  t he estima ted kg LWG/ ha / yr 

inc rea s ed from 60- 1 00 to 250-4 50 . 

2 .  1 . 1  Natural Grassland and Growth Ra t e  

I n  arid tro p ic s ,  the ra te o f  growth o f  cattle  grazing na tural 

grassland is subjec ted  to extreme var ia tion b e tween wet and d ry seasons . 

The ' saw- tee th ' pa t tern of growth (Fig . 2 ) i s  typ ical o f  c a t tl e  gra z ing 

mo s t  na tural tropical  pas tures ( Al exander a nd Ches ter , 1 95 6 ; Norma n ,  

1 967a , 1 967b ; Osbo urn , 1 97 6 ;  S tobbs , 1 9 7 6 ) . There i s  a rapid 
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TABLE 4 :  Estima ted Beef P roduc t ion from Na tural Grasslands and 

Sown Grassland s  in the Tropic s  ( kg l iveweigh t ga in/ ha/ �) 

( from S tobb s , 1 9 7 5 )  

Na tural  grassland s  

Improved gras ing 

Ove r sown wi th legumes a nd 
f er ti l i zed wi th Mo . super 

Cul t iva ted gras s land s 

Gras s / l egume mix tures with  Mo . super 

N i trogen fer t i l ized gras s  

Monsoonal 
tropic s Humid t ro p i c s  

( 5-6 mort:hs ( long growing season) 
dr  ) 

1 0-80 

1 20- 1 7 0  

200-300 

300- 500 

60- 1 00 

250-4 50 

300-600 

800- 1 500 
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l iveweigh t  gain ( LWG) in the early wet season ,  i t  slows down and then 

becomes negative in the dry s ea son . The mos t  rapid loss occurs 

norma l l y  before and a t  the commencement of  the rains . The low 

nitrogen conten t and low d iges t ibil ity  o f  the herbage during the late  

ra ins and d ry season  l imi t the intake a nd LWG of  the c a t tl e .  

I n  the humid tropic s ,  c l ima tic cond i t ions are f avourab l e  for 

forage growth all year around , but  the rapid ma tur i ty o f  the na tural 

gra s s e s  whic h l eads to low d iges tibil i ty and low nitrogen content ( see 

Sec tion I I I . 2 ) i s  s t ill a s etback for o p t imal growth rate . The 

e s t ima ted po ten t ial beef produc tion in the humid tro p ic s  as compared to 

arid t ropic s are shown i n  Tab le 4 .  

The introduc tion o f  l egumes in to na tive grassland s has been 

shown to improve the qua l i ty of  the t ro pical pa s ture grea t l y  and 

consequen t l y  the LWG . The e f f ec t o f  the l egume i s  two fold : firstly  

the n i trogen c o n tent und d iges tibil ity  of  tropical l egumes do no t 

decl ine a s  rap idly wi th ma turity as the tropical grasses  ( S tobb s , 1 9 7 6) , 

thus improving t he qua l i ty o f  the f eed , espec ially d uring the dry season . 

Secondl y ,  trop ical  l egumes a r e  capab l e  o f  f ixing annually  b e tween 20 and 

1 8 0  kg N/ha (Henzell , 1 9 68) • 

Beef p roduction  ha s b een grea tly incr eased by  oversowing na tive 

.Pas tures with tropical l egumes bo th in drier area s  of the t ropics  

(Norman,  1 9 68 ; Shaw and t ' Mannetj e ,  1 97 0 )  and also in  the  wet tro p ic s  

( S tobb s ,  1 9 6 9 ) ; beef prod u c t ion  generally being grea te s t  where the 

legume is adequately f er t il i zed ( S tobb s , 1 97 6 ) . 
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2 . 1 .  2 Improved Tropical Pas ture and Growth Ra te 

Impr oved tropical pas ture  r ef er s  to  pas ture with p l an ted grasses  

wi th l egume or  ni tro gen fer t i l i zed cul t iva t ed grasses . Beef  c a t tl e  

graz ing improved tro p ical pa s tures  are capab l e  of  produc ing rapid 

weight gains ( 0 . 9- 1 . 2  kg/ s teer / da y )  dur ing the early growing s ea son 

( Smi t h ,  1 9 7 6 ) . However ,  the d ec l ine in  herbage qual i t y  a s soc ia ted 

wi th pas ture ma tur i ty resul ts  in much lower gains , and annual average 

LWG rarel y exc eed s 0 . 6  kg/day ( S to bbs , 1 97 6 ) . This is  mainly because  

tropical plants become mo r e  f ibrou s  and less  d iges tib l e  f a s ter than 

tempe ra te  grasses a s  no t ed b e f o r e . However ,  the qual i ty o f  sown and 

plan ted pa s tu r e s  does  no t decl ine as r a p id l y  wi th age a s  mo s t  na tive 

pas tures  ( Ni l f o rd and Minso n ,  1 9 6 5 )  and t h e  animals can cont inue to 

g row over a lo nge r pe r iod when g r a z i ng t h e s e  pas tures . 

2 .  2 Feed i ng Ra t ions and Gro w t h  Ra t e  

Al t hough pa s t u r e  i s  t h �  ma i n source  o f  ca t t l e  f eed i n  the tro p i c s ,  

the r e  are some a g r o - J nd u s t r y b y - p rod u c t s  which are sui table for 

suppl eme n t i ng t he p a s t u r e . The se incl ud e the by-produc ts o f  sugar 

cane , o i l - pa l m ,  r ic e ,  c o c o nu t ,  c i t ru s frui t s ,  cassava , e t c . 

I n  the tempera te countr ie s ,  concentra te (mainly c ereal based ) i s  

a n  impor tant source  of  c a t t l e  f eed . The e ffec t of  roughage to 

conc entrate  ra t io on t h e  performanc e of fa t t ening c a t t l e  has been 

s tud i ed ex tensively in the l a s t  two decad e s . This is  an a t tempt to 

reduce the cost  o f  the ration by add ing the maximum amount o f  cheap 

rougha g e  in the d i e t  and yet o b ta ining the o p timum gro w th performanc e . 
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2 . 2 . 1 Var ia tion o f  Energy and Growth Ra t e  

Varia tion of  the consti tuents i n  a ra t io n ,  princ ipally  a s so c ia ted 

with the l evel  of  energy , has marked e f f ec ts on growth rate . 

Performanc e in terms o f  LWG is a resul t o f  a number of  fac tor s , no tably 

the factors are  VFI , d iges t ib i l i ty ,  a nd compo s i t ion o f  the LWG . 

The c hange o f  ra tion cons t i tuents  and i t s  e f fec ts on VFI has b een 

d i scussed in S ec t ion 1 . 2 . 2 . 1 .  Replac ing par t  o f  the conc ent rates  o f  a 

diet  by an equal weight o f  roughages , reduc es the ne t energy content o f  

the d ie t . The a n ima l may to a c er t a in extent , maintain i t s  energy 

intake by rais ing i t s  intake o f  dry ma t ter . But ,  if  the roughage 

content in the d i e t  exc eeds a c er tain l imi t ,  d ry ma t ter intake will b e  

depressed . 

The nu tr i t ive va lue  o f  the d ie t  decl ines as roughage p erc entage 

increases  ( Raven � � . ,  1 9 69 ; Forb es � al . , 1 969) . Thi s  resul ted 

primarily from a sub s tant ia l  r educ t io n  in overa ll d iges t i b i l i ty and may 

be to a l es s er extent f rom the fac t tha t end produc ts o f  f ermen ta t io n  in 

the rumen co nta ined a higher propor t ion of ac e t ic ac id a nd a lower 

propo r t ion o f  propionic ac id . Mor eover , as  roughage p erc entage rises , 

energy and nitro gen contents  d ec l ines . 

A smal l d ec rease in energy intake a f f ec t s  the energy content o f  

gain with l i ttle  o r  no effec t o n  the ra te o f  LWG . This i s  b ec au s e  o f  

an improved effic ienc y o f  convers ion  o f  f eed energy into l iv eweigh t 

(Anderso n ,  1 97 5 ;  

� al . ,  1 969b) . 

Raven � al . ,  1 9 6 9 ; Lamming et al . ,  1 9 6 6 ;  Forbes 

For exampl e ,  Anderson  ( 1 9 7 5) res tr ic ted bul l s  to 85% 

feed ing l evels in Scand inavian f e ed uni t s  o b ta ined b e t ter f eed convers ion 
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ef f ic ien c y  than 1 00%  l evel . Raven � al . ( 1 969 )  ind ic a t e  tha t addi t io n  

o f  20% s tr aw d id no t dec rease LWG s ignif icantly compared t o  1 00% 

conc entra tes . 

Bu t this is  no t always so . Levy � a l . ( 1 97 6b )  found tha t average 

d a ily  gain and d a i ly carcass ga in  wa s lower for anima l s  on 8 0% o f  

a d  l ib i tum than on 1 00% a d  l ib i tum conc en tra te intake . 

W i th a mo re subs tantial reduc tion in energy intake (due to VFI 

depres s ion or dec r ease  in nu tr i t ive val u e of feed )  LWG s ignif icantly  

dec l ines  ( Broadben t � a l . ,  1 97 6 ;  Fo rbes � al . ,  1 9 6 9 ; Raven e t  a l  . , 

1 9 69 ) . As energy intake dec rea ses sub s ta ntiall y ,  inc r eas ing 

pro po r tion o f  f e ed energy has to be u sed f o r  ma intenanc e purpo se s , and 

l ess  wi l l  b e  a va i l ab l e fo r grow th . The o p t imum perc entage o f  

r. 1 ugh;Jgc i n  a c n nc en t ra t e  ra t ion  i s  va r ia bl e ,  because  i t  depend s 

on the qua l i ty u f  the roughage and the an imal fac tor s .  Fo r exampl e ,  

Le vy e.!_al_ . ( 1 9 7 6 ) fou nd tha t there i s  no advantage i n  ra i sing the 

pe r c en tage of c o ncent ra t e  in a fa t tening d iet  above 7 0 ,  if a c er ta in 

d egree o f  fa tne s s  i s  no t needed . 

Thu s ,  the general sta teme n t  tha t a s  the l evel o f  conc entra te  in the 

ra tion inc r eases , LWG increa s e s  is  mod i f ied in many c irc ums tances . 

2 . 2 . 2  Var ia t ion of  P ro t ein and Growth Ra te 

Ano ther impor tant cons t ituent in the ra t ion is pro tein . Provid ed 

f eed i ng is  ad l ib . ,  the evid enc e so far presented ind ica t e s  tha t the 

use of any of  the common c er eal grains , e i ther in a l l -conc entra t e  d ie t s  

o r  w i th a maximum of  1 0- 1 5% added roughage , w i l l  perm i t  r eal i za tion o f  
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the animal s '  po tential for  grow th .  

fac tor . 

Pro tein is  usually no t a l imi t ing 

However , there is  a minimum l evel  of pro tein consi s tent wi th  no rmal 

growth and heal th . The feedlo t opera tor is  a l so intere s ted in  the 

amount  of pro t e in needed to  maximi ze  ga in . The s tandard texts  on 

pro tein requiremen ts a re available  ( NRC , 1 9 63 and ARC , 1 9 6 5 ) . Besides 

voluntary i ntake , three o ther impo r ta n t  var iables which d e termine 

pro tein requi r emen ts a r e  body weigh t ( age) , ra te of LWG and the 

d iges tibil i ty of pro t e i n  ( Pres ton ,  1 9 66) . 

2 . 3  E f f ec t s  o f  Re f e ed i ng Fol l owing Under-nutr i t ion 

There i s  well -documen ted evide nc e tha t c a ttle  which have been 

re ta rded in their  grow t h ,  have the ab il i ty to re sume thei r  g rowth when 

tile re s t r i c t i o n i s  r emoved , a t  a r a t e  g r ea t e r  than the no rmal fo r 

a nima l s  o f  the  same chrono logical  age ( Topps , 1 9 7 6 ;  Presco t t ,  1 9 7 6 ) . 

This is  c ommonly re f e r r ed to  as compensa tory  growth . 

The e f f ec t s  o f  r e s t r ic t io n a nd t he na ture o f  their r ecovery g row t h  

is affec ted by : 

( i )  the s tage o f  ma tur i ty o f  the animal a t  r es t r ic t ion ; 

( i i )  the sever i ty and dura t ion o f  adverse  cond i tions and , 

( i i i )  the condi tions preva i l ing during the recovery per iod . 

The phy s io logical bas i s  o f  oompensa tory growth has no t been fully  

explained . Undoub ted l y ,  some o f  the ini tial high ra te o f  gain on 

real imenta tion is due to fairly l a rge i nc reas e s  in gu t f il l  ( Topps , 

1 9 7 6 ) . An increased feed intake during ref eed ing has held responsible 



8 4  

par tly for  compensa tory growth ( Taylor , 1 9 59 ) . Fox et  a l . ( 1 97 2 )  

sugges t  tha t part o f  the compensa tory growth is  due to the depo s i tion 

o f  more pro tein and l ess  fat  dur ing recovery . The occurrence o f  this 

preferen t ial  depo s i tion o f  pro tein and how l o ng the effec t pers i s t s  are 

o f  obvious  impor ta nc e  in cons idering at wha t age to slaughter animal s 

tha t are b eing refed af ter a period o f  poo r  nu tri tio n .  

3 .  High Tempera ture and Grow th Ra te 

In the tro pic s ,  d irec t and ind irec t c l ima tic effec ts  o f ten go hand 

in hand : gra zing anima l s  are sub j ec ted to thermal hea t s tress  and have 

low-qual i ty forage . Bu t ,  wi th adequa te nu tri t ion,  hea t s tress  £er se 

is a l so known to d epress growth ra te in c a t tl e . 

There are no t many exper iments done which de termined the d irec t 

effec t s  o f  hea t s tr ess  on grow th ra te in c a t tle . From the ava ilable 

l i tera ture , hea t s tress has invadn bly proved to have unfavourab l e  e f f ec ts  

on grow th rate  ( Vohnout  and Ba tema n ,  1 97 2 ;  Hancock and Payne , 1 9 5 5 ; 

Kamal and Johnson ,  1 97 1 ;  McDowell , 1 9 6 6 ;  Sheba i ta and Kamal , 1 97 5 ;  

Cassady � al . ,  1 9 56 ) . 

However , there are breed differenc es in the response o f  growth to 

hea t s tress . I t  would seem tha t Z ebu o r  Zebu cro s sbred c a t t l e  a r e  

l e s s  affec ted tha n  unaccl ima tized temp era te b reeds a t  the same h igh 

amb ient  tempera ture ( Col d i t z  and Kellawa y ,  1 9 7 2 ;  O ' Bannon � al� . , 1 95 5 ) . 

Thi s  may b e  expec ted a s  Zebu cattle  usua l ly have a l ower growth ra te 

and known to have b e t ter hea t toleran e .  
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Decreased grow th rate a r i s ing f rom d i r ec t  hea t s tress  i s  l ikely to 

be the ou tcome o f  a comp l ex o f  phy s iologic a l  fac tor s . The ma i n  ones 

are the reduc tion o f  VFI , and the r educ t io n  of  energy and n i trogen 

r e ten t ion in hea t s tress . 

The experime n ts wh i c h  r epor ted reduc ed growth ra te due to hea t 

s tr e s s  ha ve al so inva r iably r epor ted a r educ tion o f  f eed i n ta ke ( e . g .  

Vo hnou t  and Ba t eman ,  1 97 2 ;  Co ld i t z  and Kellaway , 1 97 2 ) . The r educ t ion 

of  f eed intake i n  hea t s tress  dec rea ses  the available energy for  

produc t ive pu rpo s e s ,  thereby reduc e s  the  anima l ' s  abil i ty to  a c h ieve 

i ts gene t ic po ten t ial for growth , espec ial l y  in B .  taurus . 

Ca t tl e  in a ho t env ironment  forced - f ed through r umen f i s tul 3 ,  

had b e e n  s hown t o  have a f a s ter ra te o f  g rowth than the c o n trol 

a n i ma l s  ( see B ianca , 1 9 65 ; Thompson , 1 9 7 3 ) . I nevi tably ,  r educ ed VFI 

plays  an impo r ta n t  pa r t  in the reduc t io n  of growth in hea t s tr e s s . 

The red uc t ion o f  energy and nitn1 g en r e ten tion in hea t s tr ess 

a r i s e  f rom the po s s ib il i ty tha t energy , pro tein and d iges t ive 

me tabol isms may be al tered in  hea t s tr e s s . 

When expo s ed to modera te hea t s tr e s s , the c a t tl e  will dec rease 

their ac tivi t ie s ,  feed i n take and hea t produc t ion will b e  kep t to their  

minimum . I n  h ea t-a c c l ima t i zed ca t tl e , basal metabolic ra te  may b e  

s l i ghtly d ep r e ssed . Wh ile this i s  done to keep the homeo thermy o f  

t h e  animal , lower energy me tabo l i sm co ntr ibu tes to a lower produc t ivi ty . 

In severe hea t , hea t produc tion o f  the animal may increa se and add 

f u r ther hea t l oad to the body . Thi s  inc r ea sed hea t produc tion 
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r e sul t s  in und e sirable loss  o f  energy a s  h ea t  rather than for 

pro d uc t ive purpo s e s . Al so , in hea t s tr es s ,  a por tion o f  the energy 

has to be used for hea t loss  ac t iv i ties  such a s  inc reased r e s p ira t io n  

ra t e  which could o therwise be  used f o r  growth (McDowell ,  1 9 66 ) . 

Despi te the minimum heat  produc t io n  during hea t s tress , ther e i s  

good evidenc e o f  increased excre tio n o f  n i trogen o r  c rea t inine in  the 

urine (Vercoe ,  1 9 6 9 ; Vercoe  and Fr isc h ,  1 9 7 0 ;  Kamal � al . ,  1 9 7 0 ;  

Kamal and Johnso n ,  1 9 7 1 ;  Cold i t z  and Kel laway , 1 9 7 2 ;  Kellaway and 

Co l d i t s ,  1 9 7 5 ) . I t  appears tha t reduc t ion in the propor tion o f  

n i t rogen re tained under hea t s tress i s  due to a s imul taneous inc rease 

in pro tein c a tabol ism and r educ t ion in pro tein anabolism (Kellaway and 

Co 1 d i t  z , 1 9 7 5 ) . This l ead s to pro te i n  wa s tage which could o therwise  

be used for  grow t h . 

The e f f ec t s  o f  high tempera ture on d iges t ive me tabol i sm are  no t 

l i kely to be a c ause in  the reduc tion o f  growth in hea t s tr es s .  Hea t 

s t ress  seems to improv� d i ges tibil i ty o f  f e ed sl ightly ( I I I . 2 . 3 ) .  

Experiments  have shown tha t there are  changes in the vola tile  fa t ty 

acid  produc t io n  due to hea t s tress  ( Olbrich � al . ,  1 97 2 ;  Kelly  � al . ,  

1 96 7 )  but  wha t al tera tions are hard to pred ic t .  

VFAs may have an effec t on grow th . 

These  al tera t ions in 



V THE EFFECTS OF RADI ATION 

There are many d e s c r ip t i o n s  o f  the energy exchang e s  o f  

animal and i ts environme n t  ( Hu tchinson � al . ,  1 9 74 ; Rob e r  tshaw and 

Finc h ,  1 97 6 )  which is  i l l ustra ted in Diagram 1 .  
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Where cont inual exposure to sun i s  unavo idable in tro pical 

pas tures , so l ar radia t i o n  becomes an impo r tant  fac tor contribu t i ng to 

hea t s tress . The d irec t effec ts  o f  so lar rad i a tion are two fo l d : 

f ir s tly , there i s  the c hemical ef fec t of  the ac t inic rays , and 

secondly t he hea t in g e f f ec ts  ( Ri eme rs c hmi d , 1 94 3 ) . 

w i l l b e  r ev i ewed . 

Only the la t ter 

Rad i a n t  e ne r g y  i n c i d e n t  o n  a n  a n i ma l  inc r ea s es i ts thermal 

load . The e f f e c t o f  the rad i a t ion  i s  compl ex , i t  may ei ther be  

ab s o r bed o r  re f l ec t e d . The absorbed energy may ei ther be cond uc ted 

i n to the  bo d y  or re- rad ia ted w i th a wavel eng th d i s tr ibu tion 

c h a r a c t e r i s t i c of  t h e animal ' s  sur f a c e  t empera ture . The to ta l 

rad ia t ion absorbed by  the an imal surface is  the produc t o f  the inc ident 

f l uxe s o f  s ho r t wave r a d i a t io n  ( 0 . 3- 2 . 5  � m )  and longwave rad ia tion ( > 3�m) , 

the area o f  the animal expo sed to each type o f  rad ia tion , and the 

absorp tanc e  of the coa t ( Finc h ,  1 9 7 6 ) . 

Very few worke r s  had a t t emp t ed to measure  all the components o f  

the energy budget  for  a n  animal in  a ho t rad iant environment  because o f  

the inherent d i f f icul t ies in assess ing energy exchanges in uncontro l l ed 

f ield cond i t ions . F inch ( 1 9 7 2 ,  1 9 7 6 )  had a t temp ted to measure 

experimentally the thermal exchanges in a na tural env ironment ( s emi­

arid and bush) in Na irobi of Afr ican herb ivo res (eland and har tebee s t )  

and Boran c a t tl e . I n  the rad ia tion componen t ,  there was a to tal ne t 



Diagram J .  The ene rgy e x chanG e s  b e tw e en an animal and i t s  en vi ronm en t . 
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ga in o f  abou t  1 7 0  Wj M2 b y  the c a t t l e  be tween 0900 and 1 500 hr . Longwave 

radia t ion f rom the ground and sky c o n s t i tu ted 6 1 %  of the to tal radia tion 

absorbed by  the coa t . The rema inder of the to tal  radia t ion abs.:)rbed 

c o n s i s ted o f  shor twa ve rad ia tion . 

As long as the env ironmen tal tempera ture i s  below the ou ter body 

s ur f a c e  tempera ture , a large par t of  the ab so rbed solar energy is  

d issipa ted to the coo ler  environme n t . I n  a ho t environme n t , the hea t 

l oad o f  so l a r  rad ia t i o n  will  inc rease the amoun t  of  hea t which mus t  b e  

los t b y  eva pora t ive coo l i ng if  a constant body tempera ture is  to b e  

ma inta ined . Thus , rad i a t io n  acc en tua tes the adverse e f f ec t s  o f  hea t 

s t ress  in a ho t env i ro nmen t and even mo re so in a ho t environme n t  wi th 

h i gh hum id i ty .  

The e f f ec t s  on rec tal tempera tur e ,  respira tion ra te and hea t  

produc t io n  pro v id e  a n  i n teres ting compa r i son o f  the rela tive ef fec t s  o f  

ra d i a t io n  in t e n s i t y  a nd a i r  temperature (Kibl er  and Brod y ,  1 954 ) . I t  

ap pears tha t th� ca t t l e  show a s  g r ea t , or grea ter , h ea t  s train a t  7 0°F 

( 2 1° C)  a i r tempera tu re wi th full  radia t ion ( 500  Kca l / m2/ hr )  as  n t  8 0° F 

( 26 . 7°C)  wi thout radia t ion . Con t inuous rad ia tion a t  500 �cal/m2 / hr 

l evel a t  2 1 ° C  . 1 . d  h a 1 r  tempera ture apparen t y prov 1 es a ea t s tress 

equival ent  to  a 5 5° C rise in  a ir tempera ture at the same l evel of  

humid i ty . 

The stud ies on the thermal e f fec t o f  solar rad ia tion � se on the 

ca ttl e  are ske tchy . The impor tance o f  so lar rad iant hea t load on 

ca t tle in tro p ical a r eas is emphas i zed by the s tudies on the provi s ion 

of shade for c a t tl e . The ma in e f fec t o f  shade o o  the ' hea t load ' i s  

to minimi ze hea t gain b y  rad ia t i o n .  
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S inc e rad ia t io n  accen tua tes hea t s tress a t  high a i r  t empera tur e ,  

i t  i s  expec ted tha t i t  w i l l  hav e  a n  adver s e  e f f ec t o n  VFI , a nd growth . 

I nd eed , many wo rker s  showed t h a t  by the provision o f  shade ,  growth ra te 

�va s improved a s  c ompa red to  u nshaded t r ea tme n t  (Me Daniel and Roark , 1 9 56 ; 

I t t ne t- a nd Kel l y , 1 9 5 1 ; Kel l y  a nd I t tner , 1 948 ; Peacoc k � al . ,  1 965 ; 

Ga rr e t l  <2 t  a l . ,  1 9 6 0 ;  Bo ren � � - , 1 9 60 ; Dyer � a l . ,  1 9 6 7  a nd 

Po n t i f � � - , 1 9 7 1 ) . 

However , Ga r r e t t  � �- ( 1 9 6 n ) , \v i th h igh energy d ie ts , fo und no 

d i f f e r e nc e  i n  g ro w th  p er fo rma nc e a t t r i b u ta b l e  to the  u s e  o f  shade 

a l t ho ugh r e s p i ra t i o n ,  r e c t a l  a nd s k i n  t emp e ra ture  were lower i n  t h e  ho t 

pa r t  o f  t h e  day i n  s ha d ed e a t t l e .  

From t he s cud i e s o f  the e f f ec t  o f  d i f f e r en t  types o f  shad e and 

d � ta i 1 s o f  d e s i g n , i t  a p p ea r s  tha t a i r  t empera t u r e  w i l l  no t be  l ower 

u n d e r  a s l t <Hl e u n l e s s  t h e r e  i s  a l ocal coo l i ng due to the evapo ra t i o n  o f  

wa ter  ( Pa y n e , 1 9 6 5 ) . 

T n  gene ra l , by d e c r e a s ing the e f f ec t s o f  so l a r  rad ia t io n  in h igh 

tempe ra ture by  u s i ng sui tab l e  sha d e , grow th ra te  is l ikely to b e  

improv ed . 

As expec ted , wa ter i n ta k e  p e r  u n i t d r y  ma t te r  in take ha s been shown 

to inc rease und e r rad ia t io n  ( Ga rr e t t  e�_al_ . , 1 960 ; Mac farlane and 

S t evens , 1 9 7 2 ;  Brody � al . , 1 9 54 ) . Presumabl y ,  this  is  because the 

anima l s  use mo r e  wa ter for evapo ra t i ve cool ing when s ub j ec ted to 

rad i a tion . There is evidence  tha t sol ar rad ia tion induces sweating 

d i rec tly (Murray , 1966)  a s  wel l a s  ind irec t l y  by ra i s ing the skin 

t emp e r a ture ( B ianca , 1 9 6 5 ; Thomp son ,  1 9 7 3 ) . 
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By  j ud ging from the e f f ec t s  of rad ia t io n  o n  rec tal t empera ture , 

resp ira t e  r a t e  and pul s e  ra te , Zebu breeds seem to b e  mo re tol eran t  

than the t empera te breeds (Kibler  and Brody ,  1 954 ) . Thu s , shade had 

a very h igh significant  e f f ec t on Fries ian c ro s ses , increasing the milk 

yield  b y  1 8 % ,  b u t  a non- sign i f i c a n t  ef fec t on milk yield o f  the Borans 

( Mac farlane  and S tevens , 1 9 7 2 ) . B rody � al . ( 1 954 ) a l so showed tha t 

t h e  e f fec t o f  rad ia t io n  depress ed VFI more in Hol s tein than in Jersey 

and intake in Brahman was unaf f ec ted . 

Co nc l us i o n  

The re a r e  a lo t o f  gaps i n  t h e  knowl edge abou t how growth 

c ha ra c ter i s t i c s  of d i f feren t types of ca t tl e  respond to various 

nu tr i t io n  c o nd i t io n s  in the t r o p ic s .  The growth ra t e  o f  a n  animal is  

the f inal expression of  numerous fac tor s ,  wh ich a l l  have separa t e  

e f fec ts , bu t i n terac t toge the r . The impo r tant factors  inc lude basal 

m e t a bo l i sm ,  VFI , d ig e s t ive e f f ic iency , hea t to l eranc e ,  d i sease and 

p a r a s i t e to l e ra nc e ,  a nd in a r id tropic s , VWI . Only  VFI , d i ges t ive 

e f f i c i ency and VW I  are reviewed in th ls  the s i s . 

I n sofar  as  tropical ca t t l e  produc tion is  concerned , the c rux o f  

the p roblem is the ex ten t to which h igh-performing � ·  taurus breed s can 

be used in the adverse environments norma l l y  inhab i ted by �· ind icus 

ca t tl e . W i th r espec t to phys iological indices of  response to hea t 

s tre s s , the B .  indicus are superior . The superio r i ty resul t s  f rom 

t he i r  b e t ter fac il i ty to d i s si pa te hea t and po s sibl e a lower hea t 

produc t ion  which arise par t ially  from the ir intrinsically lower 

produc tivi ty .  



Pre s ton and Will i s  ( 1 9 7 5 )  sugges ted tha t i t  i s  eas i er and more 

c er ta in to adap t h igh produc ing B .  taurus to  the cond i t ions  than to 

9 2  

make B .  ind icus high produc ing . Cro s sbreed ing aims a t  comb ining the 

h i gh produc ing tra i t s  of the former and surv ival tra it  of the l a t ter and 

ha s grea t po ten tial  to improve c a t tl e  produc tion in the tropic s ,  

espec ial l y  when t he nutr i t ion i s  improved . 
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MATERIALS AND METHODS 

I MAI N  EXPERIMENT 

1 .  Exper ime n tal Design and Layo u t 
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The effec ts o f  three fac tors , temp era ture ,  type o f  d i e t  a nd breed 

typ e , were inv e s t i ga ted in a 2 x 2 x 2 fac to r ial d es ign , wi th two 

anima l s  a l l o c a t ed to eac h o f  the e ight  ind iv idual trea tment s  ( Tab l e 5 ) . The 

s i x t e e n  anima l s  were ra ndomly alloca ted to each trea tment u s i ng a 

random numb e r  tabl e .  

The m ea s u r em e n t s  mad e  on eac h  trea tment and subsequen tly a nalysed 

s ta t i s tic a l l y  wer e :  

( a )  d a i l y  i n ta ke o f  d ry ma t ter ; 

( b )  d i g e s t i b i l i ty o f  the dry ma t ter , gro ss  energy and n i trogen 

i n  the d i e t ;  

( c )  ra te o f  l iv ewe ight  ga in ; 

(d )  volunta ry wa ter i n take ; 

( e )  respira t ion ra te and r ec tal t empera ture .  

( the la t ter da ta were the sub j ec t  of  ano ther thesi s )  

The anima l s  were penned ind ividua l l y  and al loca ted to their pens 

wi th Brahman x Fries ian a nd Friesian c a t tl e  in al terna te  po s i t ions . 

The animals in the ho t room were r e-alloca ted to d if f er en t  pens  in  the 

second half o f  the experiment . Thi s  method of  alloca t io n  o f  a n imal s  

was u sed to r educ e the po s sibl e e f f ec t s  o f  var ia tions i n  room tempera ture 

which migh t exi s t  wi thin the room . The po s i t ions o f  the a n imal s  dur ing 

the experimen t  are shown in Diagram 2 .  



9 4  

TABLE 5 : THE EIGHT TREATMENTS OF THE MAIN EXPERIMENT 

3 Fac tors : 

8 Trea tment s : 

Breed s - Brahman x Friesian  (BF)  and Friesian (F )  calves 

Diets  - High conc entra t e  (High ra t ion) and Low conc e n tr a t e  
(Low ra tion)  d ie ts 

Tempera tures - Ho t environmen t s  (Ho t room) and 
cool  environmen t s  ( Cool room) 

1 .  BF ; High ra t io n ; Ho t room 

2 .  BF ; High ra tion ; Coo l  room 

3 .  BF ; Low ra t ion ; Ho t room 

4 .  B F ; Low ra t io n ; Cool room 

5 .  F ·  ' High r a t io n ;  Ho t room 

6 .  F ·  ' High ra tion ; Cool room 

7 .  F ·  ' Low ra t io n ; Ho t room 

8 .  F ;  Low ra t io n ;  Cool  room 
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The exper iment was c arried out  over a p e r iod of  59 days . The d a ta 

of  the l a s t  4 5  days were used for s ta t i s t ic a l  analysis , so a s  to allow 

two weeks for the anima l s  to acc u s tom to their d ie t s , env ironmen ts a nd 

managemen t .  

2 .  Ma ter ia l s  

2 . 1  Animal s  

The animals  u s ed were 8 Fr iesian and 8 Brahman x Fr iesian ( F 1 ) 

c a s tr a ted mal e  c a t tl e .  The ca t tle were 6 mon ths old a t  the s ta r t  o f  

the experimen t and their mean l iveweigh t s  a r e  shown in F ig . 3 .  The 

Brahman x Fr ies ia n  a nd Fr iesian ca t tl e  will  be ref erred to a s  BF a nd F 

respec tivel y herea f ter . 

These ca ttle  p r ior to this exper iment  had been sub j ec ted to 

calor ime tric mea suremen ts and f ed on a d ie t  of  hay and pel l e t . 

2 . 2  Div ts ----

The ca t tl e  were given two types o f  d i e t : 

( a )  High concen tra te ra t ion - Pel l e t s ad l ib .  + 1 0% o f  the to tal 

f eed dry  ma t ter as hay . 

( b )  Low conc entra te ra t io n  - Hay ad l ib . + 10% o f  the to tal 

f eed dry  ma t ter as p el l e t s . 

The high a nd low conc entra te ra t io n s  will b e  referred to a s  high 

and low ra tio n  her eaf ter . 

The compo s i t ion of  the p el l e t s  and the pas ture hay are shown in 

Tab l e  6 .  
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TABLE 6 :  The Compo s i t ion o f  Pel l e ts and Hay 

Pel lets  

Ingred ient s  

Analysis 

Analysis  

maizemeal 
barleymea l  
mea tmeal 
pollard 

crude pro tein 
maximum fa t 
maximum f ib r e  
maximum sal t 
gro s s  energy 
mo is ture 

crude pro tein 
gros s  energy 
mo i s ture content  

sugar 
molasses  
sal t 
l ime 

9 8 

2 1 . 6% (measured ) 
6 . 00% } 
6 . 00% s ta ted by  manufac turer 
1 . 50% 

1 8 . 04 KJ/ g  dry ma t ter } 
1 0% 

mea sured 

1 0 . 4% } 1 8 . 04 KJ/ g  dry ma t ter measured 
1 4 %  

Vi tamins ( A ,  n3 , E ) , sal t  and o ther minerals  (Mn ,  Zn , Co , Fe , Cu , 

I ,  Mg) were mad e  ava ilab l e  to the anima l s  in wooden troughs . 

Wa ter wa s availabl e to the anima l s  a t  all  t imes . 

2 . 3  Environmen tal  Cond i t ions 

The anima l s  were kept  in two tempera ture-con trolled rooms . The 

average air tempera ture and rel a t ive humid i ty in one room was 1 6 . 9°C 

and 86% respec t ively ; this was designa ted the cool room . I n  the o ther 

0 room, the average a ir tempera ture was 34 . 5  C ,  black globe t empera ture 

35 . 2°c m:I rela t ive humid i ty 45% ; this  was d e signa ted the ho t room . 

The tempera tures were mainta ined r el a tively c o ns tant for  24 h a day . 

Fluorescent l ight was on 24 h a day . Air movement was negl igibl e 

in the rooms ( 0 . 35 km/ h ) . 



3 .  Me thods and Managemen t 

3 . 1 Rec tal Tempera ture a nd Re spira t ion Ra te  

Rec tal tempera ture was d e termined w i th a c l inical thermometer 

9 9  

inser ted abou t 7 c m  into the r ec tum for a t  lea s t  3 minu tes . Resp ira tio n  

ra te was counted by record ing t h e  flank movemen t  o f  the c a t tl e  for 

30 seconds . The respira t io n  r a te was usually  taken when the animal 

was l ying down . 

Rec tal tempera tu re and respira tion ra te were measured twic e daily ; 

o nce  i n  the mo rning before f ee ding and onc e  in the a f t ernoon a f ter 

f eed ing . 

3 . 2 Diets  

The anima l s were o ffered fresh feQd twice daily ad l ib . ;  w i th 

p e l l e t s a nd hay o f f e r eu i n  s e pa r a t e  m e t a l  container s .  The feed ing was a t  

abo u t  0900 h and 1 500 h .  

Ever y  mor ning , the f eed a nd wa ter which had no t been consumed were 

weighed or measured indiv id ua l l y  for each animal . One sample  o f  

refused hay and pellets  for  each anima l , and o ne sampl e  o f  hay a nd 

pelle ts o f f ered were taken f o r  the de termina t ion o f  dry mat ter . One sampl e 

o f  f e ed o f f ered was a l so taken every day and bulked for ni trogen and 

energy analyse s . 

3 . 3  Environmental Con di t ions 

Air temperature was r ecorded f rom mercury in glass thermome ter s . 

The black globe tempera ture wa s measured in a black globe 1 5  cm d iame ter 

by a mercury in glass  thermometer . The rela tive humid i ty wa s ob tained 

MAS EY UN V'= ITY 
1.1BRAR'( 
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f rom a whirl ing hygrome ter . The me tP.oro l ogical measurement s  were mad e  

twic e daily a t  abo u t  08 30 h and 1 500 h .  The averages o f  these two 

read ings were calcula ted a s  the average value for the day . 

The room (air )  tempera ture  and relative humid i ty were a l so recorded 

by hygrothermo graph . 

3 . 4  Liveweigh t 

Fas ted l iveweigh ts  o f  the c a t t l e  were measured a t  the b eginning 

and at the end of the experiment . Dur ing the experimen t ,  the anima l s  

were  also weighed weekly a t  abo u t  1 000 h wi tho u t  f a s t ing . 

l i v eweigh t was calc ula ted f rom the fas ted l iveweights . 

3 . 5  Diges t ibil i ty o f  Die t 

The gain in 

Fa ec es o f  eac h a n i ma l  was c o l l ec ted daily  dur ing the la s t  14 days 

of  t h e  e x p e r im e n t  a n d  s to r ed a t  - 1 0°C .  The co l l ec ted faeces we re t hen 

thawed , mixed and sampl ed for de termina t ions of d ry ma t ter , ni trogen 

and gross  energy con ten ts . 

4 .  Chemical Ana lyse s  

4 . 1  N i trogen Analys is 

The ni tro gen con ten t in the faeces and f eed wa s measured us ing 

t h e  macro-kj eldahl me thod . 

4 . 2  Gro ss Energy Analys is 

Gro s s  energy conten t s  o f  the f eed and faec es were measur ed by u sing the 

ad iaba t ic bomb calorime ter  ( Gall enkamp - England ) . 



4 . 3  Dry Ma t ter Determina t io n  

The samp l es o f  feed and faece s  w ere weighed ind ivid ual l y  before 

and af ter d r ying in the oven a t  7 0° C for a t  l ea s t  24  h .  

5 .  S t a t i s t ical Analysi s  

1 0 1  

Analysis  o f  varian c e  and analy s i s  o f  covar iance were u s ed for 

s ta t i s t ical a nalyses of  the da ta as shown in mod el 1 and 2 r e spec t ively . 

The metho d s  o f  analys i s  o f  var iance and covariance used follow the 

metho d s  d e s c r ibed by Cochran and Cox ( 1 9 5 7 )  and Ray ( 1 960 )  r espec t ively 

Ana l y s i s  of covar iance ha s many uses ( Co c hran , 1 9 57 ) , but it was 

employed i n  thi s exper iment for two purpo ses : -

( a )  To remove the effec ts  o f  o r iginal l iveweight ( independ en t  

va riable)  o n  feed intake (dependent  var iable) ,  independently  o f  the 

effec t s  of the trea tment appl ied . Using the regres s io n  o f  feed intake 

on or iginal l iveweigh t ,  par t of t he var iabil i ty in the o b s erva t ions 

asso c ia ted w i th ini t ial l iveweigh t d if f er enc es among the o b j e c t s  can be 

removed . However , an essent ial c o nd i t ion for this use  i s  tha t the 

adj us t ing o r  independent  var iable i s  una f f ec ted by the trea tment 

appl ied ; this  cond i t ion appl ied in  the present exper iment .  

( b )  T o  determine whe ther a c o ncomi tant var iabl e  ( ind ependent  

variab l e )  might be in  part  the  agent  through which the trea tmen� produce 

their e ffec ts on the princ iple r esponse ( dependent var iab l e ) . For 

example ,  h igh tempera ture ( trea tment)  r educed l iveweight gain ( dependent 

variable ) , which migh t be a resul t of  depressed dry ma t ter intake 

( independent  variabl e ) . Covariance analys i s  using dry ma t ter intake 



Source o f  
var iance  

To tal 

Breed ( B )  

Die t ( D )  

Tempera ture 

B x D 

B x T 

D X T 

B X D X T 

Error ( E )  

MODEL 1 

ANALYS IS OF VARIANCE OF 2 x 2 x 2 FACTORIAL DESI GN 

Three Fac tor-exper iment p lan 

Temp e ra ture (T)  Ho t ( T 1 )  Cool ( T 2 )  

B reed ( B )  
Die t ( D )  

D 1  

D 2  

B 1  B 2  B 1  

� 1 B 1 D 1  . .  

Ana l y s i s  o f  va r ianc e tabl e  

Sum o f  Degree o f  Mean Square 
squares freedom MS 

s s  DF S S / DF 

SS To tal N- 1 

SSB nB- 1  S SBf nB- 1 

SSD nD- 1 

( T )  SST nT- 1  

SSBD ( nB- 1 ) ( nD- 1 )  

SSBT ( nB- 1 )  ( nT- l )  

SSDT (nD- 1 ) ( nT- 1 )  

SSBDT ( nB- 1 ) (nD- 1 ) ( nT- 1 )  

SSE 8 (n- 1 )  s� / 8  ( n- 1 )  

B 2  

Xr2B2D2 

Mean Square 
ra t io MSR 

MS/MSE 

MSB /MS E  

MSBDTIMSE 

102  

F v l n- 1 
v2 8 (n- 1 )  

* P<O . OS 

** P<0 . 0 1  

n = DB nD = nT = 2 = number o f  repl icates in breed , d ie t  and 
tempera tur e  trea tmen ts respec t iv el y . 

N 1 6 = to tal number o f  observa t ions . 

T rx , where  x i s  the value o f  each observa t ion . 
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The f o llowing a r e  the sum o f  squares for the sourc es o f  var ia t ions : 

1 .  Among tempera tur e s : 

ET2 
t 

2 .  Among breed s : 
2 

S SB 
ETB 

nBnDnT 

3 .  Among d i e t s : 
2 

S SD 
ETD 

nBnDnT 

- T2 
-

N 

T2 

N 

4 .  Breed-d iet  intera c t io n : 

2 
S SBD 

L:Tsn T2 

nBnD N 
- S SB 

s .  Breed- tempera ture in terac t io n :  

L:TBT2 
- T2 

nnnT N 

6 .  D i e t- tempera ture  i n terac t io n :  

7 .  Breed-d ie t- tempera ture in terac tion : 

SSBDT 
= 

ET�DT T2 all 
n N 

8 .  To tal : 

88To tal Ex2 - T2 

N 

9 . Res idual or erro r : 

s s0 

previous 

SSE 8 8To tal a l l  previous s s  

ss 
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MODEL 2 

ANALYS I S  OF COVARIANCE OF 2 x 2 x 2 FACTORIAL DESIGN 

Three  fac tor  - Experiment Plan 

Temperature 
( T )  

HOT (Tl ) COOL ( T 2 )  

Bre ed ( b )  B l  B2  B l  B2  

Die t (D )  X y X y X y X y 

D l  xB l D l T l  YB l D l T l  

D 2  
XB 2D2T2 YB2D2T2 

Ana l y s i s  o f  Covar ianc e Tabl e  

Error s  o f  E s t ima tes  F n- 1 Compo nent Sum of  Degree o f  Mean Square Mean S quare 
v l 

s q ua r e s  f r eedom MS ra tio MSR v 2  8 (n-9 )  

s s  DF SS/DF MS/MSE 

Breed (B )  DB n - 1  DB/nr 1 MSB/MSe * P<O . OS B 
Diet  (D)  Dn nD- 1  * *  P<O . O l 

Tempera ture ( T )  DT nT- 1  

B x D DBD ( nB - l ) (nD- 1 )  

B X T DBT ( nB- 1 ) (nT- 1 )  

D X T DDT (nD- 1 ) (nT- 1 )  

B X D X T DBDT (no- 1 ) ( nB- 1 ) (nT- 1 )  
MSBDT/MS e 

Error We 8n-9 We/ 8n-9 

X adjus t ing or inde p endent variable 

y dependent var iabl e 

X Ex y = Ey 

n = nB nD = nT = 2 - number o f  repl ica te s  i n  breed , d il:!t and 
tempera tur e trea tments resp ec tively 

N .. To tal number o f  observa tions 
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Example o f  compu t ing DB in analysis  o f  covariance tab l e  

DB , the d isc repancy sum o f  squares f o r  breed and a measure o f  the 

apparent trea tment  e f f ec t  f o r  breed , i s  compu ted as follows : 

1 .  Compute the sums o f  squares ( S S )  and produc t s  for  breed : 

2 
SS  in x l:xB x2 Bx 

nBnDnT N 2 l:yB y2 By SS  in y -

nBnDnT N 
2 E (xsys ) XY 

nBnnnT N Bxy SS in xy 

2 .  Compu te sub to tal sums o f  squares and produc t s  f o r  breed : 

S ub to tal s s  in  x Bx + Wx 2 2 ( l:xB) where Wx l:xB 
nB 

Sub to tal S S  i n  y By + Wy 2 
where Wy l:y� - i!1B) 

nB 
Sub to tal ss in xy Bxy +Wxy 

where Wxy 
= 

l:xBYB 
l:XBLYB 

nB 

3 .  Compu te sums of  squares of  error o f  pred ic t ion for breed 

Be ( Sub to tal s s  in y )  
( Su b to tal in xy) 2 

-

( Subto tal in x) 

( Be ) :  

4 .  Compute the adjus tment  o f  the wi thin-sampl e var iab il i t y  (We ) :  

5 .  

- Wxy2 
We = Wy Wx 

Compute DB : 

The o ther s ix d iscrepanc y  S S  ( Dn , DT , DBD • DBT • DnT • DBnT) 
are calculated in a s im ilar way . 
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( DMI ) a s  a n  a dj us t ing va r iable  may be  used t o  examine whe th er the 

reduc ed l iv ewe i g h t  ga i n  ( LWG) wa s b ecause of d epr essed DMI . 

I f  t h e r e  wa s a s i gn i f ic a n t  d i f f er e nc e  in LWG be twe en h igh and low 

temp era tu r C:' s  w i t ho u t  the c o n s i d era t io n of DMI , but the s ignif ican t 

d i f f e renc e d i sa p pea r ed a f t e r  ad j u s tmen t w i t h  DMI ( i . e .  u s e  o f cova r ia n c e  

a na ly s i s ) , t h e n  t h e  d i f f pre nc e i n  LWG b e tween h igh a nd l ow temp e r a ture s  

wa s ma i n l y  b ec a u s e  o f  t h e  d i f f er e nc e i n  DMI . 

[ n  t h i s  c a s e , a na l y s i s  o f  c o va r i a nc e i s  appl ica b l e  even 

i t  i s  known tha t t h e  t r ea t men t s  may have a f f ec t ed the i ndependen t 

va r i a b l e  ( Ba r t l e t: t ,  1 9 3 h ) . 

Whe t h e r t h e  u s e  o f  cova r i a nc e  i nc rea s e s  ac curacy o f  t h e  t r ea tme n t  

compa r i so n s  ma y b e  d e t e rm i ned by t e s t i ng the e r ror  r e g r e s s i o n  o f  t h e  
L tw 

de pl'nd,� n  t v.J r iab l e  o u /  u d j u s t i  ng va r ia b l e  f o r  s i g n i f icanc e .  I f  i t  i s  

no t s i gn i f i c a n t ,  i t  w i l l  no t b e  wo r t hw h i l e  t o  ma ke t h e  a d j us tmen t s . 

When t h e  prel i m i na r y  overal l a na l y s i s  o f  var ianc e o r  cova r ia nc e  

s howed s i gn i f ic a nc e  i n  the i n terac t io n s , a mo r e  d e ta il ed a nal y s is o f  

a po s t e r io r i  tes t ( So ko l  and Ro hl f ,  1 9 6 9 )  wa s  made . I n  o t her wo rd s .  

a �s te r io r i  tes t wa s employed to t e s t  the s ig n i f icanc e  o f  means wi thin the 

in terac t io n . The � po s te r i o r i  te s t  u sed wa s  t h e  sum o f  squares 

s imul ta n eo u s  te s t  p r o c edure ( SS-STP ) . 

5 . 1 Feed I ntake 

Many wo rke r s  lwv e  expres sed f e ed intake in rela t io n  to the me tabo l ic 

we ight ( kg0 · 7 5 ) of  the a n imal s i n  their anal yses , espec ial l y  for the 

purpose o f  be tween spec ies  compar i sons (Sharma a nd Rajora , 1 97 7 ;  
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K ib l e r ,  1 9 6 5 ) . However , for feed s  which d if f er widely in d iges t ib i l i ty ,  

h 1 . b f d . k d b 1 .  . h ( k  0 . 7 5 ) t e re a t1on e tween ee 1nta e an meta o 1c we1g t g may no t 

be  identical f o r  bo th feed s  (Moir , 1 97 0) . 

The pos s ib il i ty o f  expressing f eed intake a s  some f unc t io n  of  

l iveweight had been considered when analys ing the data of  f eed intake 

in this exper iment . Bu t ,  the two d ie t s  used were of  very d i f f erent 

d ig e s t ib il i ti e s  and me tabo l izab i l it i e s  ( high roughage vs low roughage 

d i e t s ) , so , i t  was dec id ed tha t  me tabol ic weight would no t be used to 

express  feed in take . Ins tead , f eed intake was a nalysed by covariance 

us ing the original l iveweight a s  the a d j u s ting var iable . 

The regres s ions o f  bo th dry ma t ter and d iges tible energy in takes 

on o r iginal l iveweight were s ignif icant  (Append ix 1 ) , thus , the use o f  

o r i g inal l ivewe ight a s  an adjus t ing var iable would be  wor thwhil e in 

par t ially  el imina ting error from the da ta .  

5 . 2  pige s tib il i..£Y 

Diges t ib il i ty might be affec ted by  the level o f  f eed in ta ke , thus , 

a t e s t  o f  sign i f icanc e  o f  regres s ion  b e tween the two var iable s  were 

carried out  ( Ap pend ix 1 ) . S inc e i t  was no t s ignif icant ,  the unadj u s ted 

da ta  of dry ma t ter d iges t ib il i ty were sub j ec ted to analysis  o f  varianc e .  

S im ilarly ,  gro s s  energy and ni trogen d iges tibil i ties were analysed by  

analysis  o f  var iance o f  the  unad j u s ted da ta . 

5 . 3  Growth Ra te 

The ca t t l e  used were no t o f  ident ical we igh ts a t  the beginnin& o f  

the exp er imen t ,  and the growth o f  a c a l f  may d epend o n  i ts init ial 



l iveweigh t .  However ,  the tes t  o f  s ignif ic anc e o f  the regr e s s ion 

b e tween grow th ra te and o riginal l iveweigh t showed tha t the use of  

original l ivewe igh t  as  an adj us t ing variable would  no t be wor thwhil e 

(Append ix 1 ) . Thus , growth ra t e  wa s analysed u s ing ana l y s i s  o f  

varianc e o f  the unad j u s t ed d a ta . 
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Analysis  o f  covarianc e was a l so emp loyed to tes t whe ther the 

signif icant d i f ference be tween some trea tmen ts was due to d i f f erenc e s  in 

dry ma t ter in take . 

5 . 4 Wa ter  I n take 

Wa ter in take may b e  a f fec ted by l iveweigh t ( Payne , 1 9 63 ; Ba iley 

a nd B ro s ter , 1 9 58 ) . B u t ,  in this experimen t ,  the regres s io n  o f  wa ter 

i n take o n  o r i g i na l  l i vewe igh t wa s no t signi f icant (Append ix 1 ) . Thus , 

i t  wa s appro p r i a t e  to u s e  a na l ys i s  o f  varianc e  to assess the e f fec ts o f  

d i f ferent t rea tme n ts o n  wa ter intake wi thou t  consid er ing the l ivewe igh t 

o f  the anima l . 

As wa t e r  i n take wa s c losely rela ted to the l evel o f  d r y  ma tter 

intake (Append ix 1 ) , a na l y s i s  of cova r ianc e wi th  dry ma t ter i n take was 

used to find o u t whe ther the signif icant  d if f erenc e in wa ter in take b e tween 

some trea tme n t s  wa s caused by the d i f f erenc e s  in the l evel o f  d ry ma t ter 

in take . 



I I . RADIANT HEAT ST RE S S  TRIAL 

1 .  Expe riment al L ayou t  

The effects of expo sure to a 

ho t environment on feed and water 

radi ant 

int akes 

by e xpos ing six anim als to  a r adi ant he at 

he at 

we re 

lo ad 

of t wo week s , followed or  p receded by a period 

in t he absence of a r adi ant heat load . O f  th e 

10 9 

load in a 

investigated 

fo r a p e riod 

of t wo week s 

six anima ls 

used fo r these compariso n s ,  fou r were BF and two we re F ;  

three an imals were studied at one time (T able 7 ) . 

TABLE 7 T ime of expo su re or without Exposu re to R adi ant 

He at Lo ad 

An ima ls No Radi ant Heat R adi ant Heat 

F 7  � 
) 

2 7t h  May to 9th June 

( 1 4  days ) 

lOth June to 28th  June 

( 1 9 days ) 
P e riod 1 BF S ) 

BF l 

F 6  ) 
) 
) 

P eriod 2 BF 7 ) 

BF 8 

lOth June to 2 8 th June 

( 1 9 day s )  

1 8 t h  July to 3 0th Ju ly 

( 1 3 day s )  

2nd June to 1 7th July 

( 1 6 day s )  

2 7 t h  May t o  9th J une 

( 14 d ays ) 

3 0th June to 1 7th July 

( 18 days ) 

1 8th July to 30th July 

( 1 3  days ) 
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T he experiment was c arried out i n  a layout as shmvn in 

D iagram 3 

Diagr am 3 .  E xperiment al L ayout 

=R No 

Radi ant 

he at load 

E ach an imal spent 

about 1 week in 

e ach pen 
Radiant de s ign ated by ±j Heat A ,  B ,  C and D . 
Lo ad 

Radi ant H e at Room 

Wat e r  and feed int ake s ,  re spi ration rate and rect al 

t emp e r a t u re we re me asu red . 

2 .  Matef' i a l s  

2 .  1 .  Anima ls 

At the st a rt of the experiment , it
t��s intended to u se 

all e ight animals M1 ich h ad be en k ept in jhot room in t he 

ma in Experiment f o r  this t ri al . But ,  due to th e de ath o f  

one F riesian and ill-he alth o f  anothe r,  only two F riesi an 

and 4 BF c alves we re use d .  The age and the f asted liveweights 

o f  the animals at the st a rt of t he experiment are shown 

in T able 8 .  
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TABLE 8 .  Age and F asted L iveweight s  of C alves i n  Rad i ant 

He at St ress Trial 

F 7  

Period 1 BF S 

BF l 

F 6  

Perio d 2 BF 7 

BF 8 

2 .  2 Diets 

A ge (months ) 

9 

10 

F asted L iveweights (kg)  

15 1 . 0  

196 . 1  

1 2 8 . 7  

101 . 9 

1 2 3 . 9 

167 . 8  

T he rat ion o ffered w as the s ame fo r all animals : S OOg 

of pe llets p lu s  hay ad li b .  The compositions of hay and 

pe llets u sed we re the s am e as those u sed in the Main 

Exper iment ( See T ab le 6 ) . 

Water was f reely availa ble to the anima ls at all time . 

2 .  3 Env ironment a l  Conditions 

While three animals were kept in the r adiant he at 

room for the stu d y ,  the other three animals we re eithe r 

kept in the hot room ( 3 3°C )  or  in c a lor imete r  at high 

tempe rature ( about 35°C )  fed at a m aint enance leve l  o f  

feeding . 

The me an va lues fo r black-glo be , air tempe r atur e ,  

and re l at ive humidity in the radiant heat room a re shown 

in T able 9 and i l lust rated in Figu re 4 .  
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TABLE 9 .  E NVIRO NMENTAL CO NDITIO NS OF RADIANT HEAT ROOM 

Period T re atment T ime 
( h )  

F 7  ) Period Radi ant 0800 

BF5 
) 
) he at 1600 

BFl ) 1 

No 

Radiant 0800 

he at 1600 

F 6  ) Pe riod Radiant 0800 

BF7 ) 
) he at 1 6 00 

BF 8  ) 2 

No 0800 

Radiant 1600 

heat 

Bl ackglobe 
T empe r ature 

( o
C )  

3 2 . 4  

49 . 0 

3 0 . 0 

45 . 8  

- - -

------ -----

Air 
T empe rature 

( oC )  

3 2 . 2  

3 3 . 1  

3 2 . 2  

3 3 . 0  

30 . 0  

3 1 . 8 

30 . 0  

3 1 . 8  

- -- --- ----- -

1 1 3  

Relative 
Humidity 

(% ) 

5 0 . 9  

49 . 2  

5 1 . 0  

4 9 . 0  

4 9 . 5  

5 1 . 8  

5 1 . 8  

4 9 - 5  

----------
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T he r adiant l amp s we re switched o n  a t  about 0 8 00h 

and o ff at 1600h e ach day,  thus , the animals were exposed 

di rect ly to  radi ant he at fo r a bout 8h  daily . F luo re sce nt 

light was on for 2 4h a day .  Wind movement in the room was 

ne gligible ( 0 . 4 km/h ) .  

3 . Methods and Hana gem ent 

3 .  l Re sp i r at i on r ate and rect a l  t empe rature 

Resp ir a tion rate and r e cta l tempe r ature were 

me asured t wice dai ly ; onc e in the mo rning befo r e  t he 

radi ant lamps we re s witched on and once in the afte rnoon 

j us t  be fore the l�n p s  were switched off . 

3 .  2 Diet 

T he ani m a l s  were offe red feed twice daily; once 

in ·t he morning ( about 0 900h) an d  o nce in the afte rnoon 

( a bout  16 30h ) . 

Every morning , t he feed and water which ha d not 

been con sume d we re weighed or mcasu red indivi du ally gor 

e ach animal . O n e  s amp le of feed refu s e d  for e ach an imal , 

and one S cllnple of feed offere d  we re t ak en fo r th e det e r­

mination o f  dry m at t e r .  

3 .  3 Envi ronmental Conditions 

The r adi ant he at ln the r adiant he at room was 

provi ded by : 

( a ) Clear f ront P hillips infrared ref lector he at 

lamps ( 3 7 5  Watts )  which give 1 . 0  - 2 . 0  f-lill wavelengths . Ten 

pe r animals were u sed fo r 10 days , in P e riod 1 ,  then 

dec re as ed to six f o r the rest of the experiment . 

( b )  
Phillip s  

Three/ HLRG me rcu ry refle ct o r  l amp s ( 400 Watt s ) 

per two anima ls , which give 0 . 3  - 1 . 0  pm wave lengths . 
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The arrangeme nt o f  the r adi ant lamps are shown in 

Di agr am 4 .  

Di agram 4 P l an of  Radi ant L amps L ayout 

X = 

0 = 

D 

cle ar f ro nt 
phillips 

infr-ared 

lamps 

HL RG l amp s 

= an im al pen 

Screen to ' p rovide shade f o r  
animals unde r  non -r·adiant 

he at t reatment 

a 
The room tempe r ature was me asu re d by /me rcu ry in glass 

thermomet e r  wit h bu l b  shie lded by aluminium foi l ,  black­

globe temp e r atur e  by black -glo be thermometer and relative 

humidity by whi r l ing hygromete r .  These meteo ro logi c a l  

inst ru ment s were read twice daily at about 0 8  3 0 h  and 16  30h . 

The fluxes of radi ant he at in t he room we re me asured 

u� ing a so l ar imet e r  ( Solar R adi �tion Ins t rument s ,  

Australia , S R  13 ) ,  w i t h  po lythene and glass hemisphe res . 

T he so l arimete r  wi th po lythene hemisphere s me asured the 

longwave and shortwave radi ati o n  combine d ;  with the gl ass 
. i� the 

he m� sphe re ;me asu red onlyj shortwave radi a tion . 

T he net r adi ant heat exc hanges between the animal 

and its environment s we re me asured using a minature net 

radiometer ( So l ar Radiati on Instrume nt s ,  Australi a ,  SR17 ) 

wit h  po lythene hemi sphere s .  

4 .  Statistical  Analysi s  

S ince the s ame anima l was use d  for radiant he at 
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and non - r adiant heat tre atment , thus h aving the s ame 

origin al l iveweight , analysi s of varianc e was emp loye d  to 

an alyse the effects of expo sure to r adi ant he at load on 

water  and feed int ake s .  T hey we re partioned into ·tre at­

ment { r adi ant he at or  non-radiant he at ) , perio d ( period 1 

and 2 ) , and period x t re atment intere action . 



C H A P T E R T H R E  E 

R E S U L T S 

I .  MAIN EXPERIMENT 

1 .  Respir a t ion Rat e and Rectal T emperature 

The me an values of re sp irat ion r ate and rect al 

tempe r atu re fo r e ach c alf are shown in T ab le 1 0 .  

1 1 7  

The incre ased resp irat i on rate an d rect a l  temperatur e 

for both breeds in the hot room as compared with the coo l 

room indic ated that the c alves we re under he at stress . 

Ho weve r ,  the rect al tempe r atures of BF c alves wer e  lowe r  

than F c alves by 0 .  6 1  °C whe n exposed to the s ame hot room 

tempe r ature . This indicated that F c a lve s might be under 

a high e r  degree o f  he at stre s s  than BP calve s in the hot 

room . 

T he re s p ir ation rate an d  rectal tempe rature wi l l  be 

examined in det ail  ln an ot he r the sis by Mr . P .  S auwa . 

He alth . All th e ca lve s du r ing the exp e riment we re 

in goo d  health, e xcept fo r one F riesi an which h ad a m ino r 

rect a l  p ro l apse du ring the l ast we ek of the e xpe riment . The 

deve lopme nt of the prolapse was apparentely due to a f ault 

in the f loo ring of the pen , which resu lted in p ressure being 

put on the aj>dome n of the an ima l  whi l e  it was lying down . 

The pro l apse di s app eared immediately after th e floo ring h ad 

be en improved . 

2 .  F eed Int ake 

2 .  1 Vari ation of H ay and P e ll et proportionsin the Ratio n 

For animals on the H igh ration,  the quantity of h ay 
off e red w s about lO% of the tot al feed dry ma�ter ( hay + p ellets ) , 

and the calves in this High ration group we � e xpec�ed to co n ume 
all the hay given . 



Temperature 

TABLE 10 : ME AN VALUES OF RESP IRATIO N  RATE AN D  RECTAL T EMPERATURE 

HOT COOL 
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� F riesian Brahman x F riesi an F riesian Brahman x F riesi an 

High 

ration 

Low 

ratio n 

High 

ration 

Low 

ration 

Respiration Rat e 

( F 7 ) 97 . 3  

( F  4 )  9 5  • 9 

( F 6 )  92 . 4  

( F 2 ) 103 . 4  

Rectal 
tempe rature 

( F 7 )  40 . 8 6 

( F  4 )  40 . 3 1 

( F 6 )  40 . 6 6 

( F 2 ) 40 . 2 5 

(per  minute)  

( B5 ) 8 9 .  5 

( B8 ) 102 . 0  

( B7 )  95 . 5  

( Bl )  8 6 . 5  

( oC )  

( B5 ) 3 9 . 6 5  

( B8 )  3 9 . 6 6 

( B7 )  40 . 2 9  

( Bl )  3 9 . 8 7  

Numbe r s  in brackets refer t o  c a lf identification number s  

( F 8 )  5 9 . 7  

( F l )  47 . 8  

( F  5 ) 41 . 8 

( F 3 )  41 . 3  

( F 8 ) 3 9 . 1 2 

( F l )  3 9 . 04 

( F 5 )  3 8 . 8 8 

( F 3 )  3 9 . 0 4 

��-�--� '---

( B6 ) 3 3 . 6  

( B2 )  46 . 2  

( B3 )  2 6 . 4  

( B 4)  21 . 1  

( B6 )  3 9 . 2 5  

( B2 )  38 . 9 3 

( B3 )  3 8 . 9 3 

( B4 )  3 8 . 7 6 

I i 
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But th e vari able int ake of this fixed a llowan ce of h ay by 

diffe rent c a lves re su lt ed in the amount of h ay whi ch was 

actu a l ly e aten varying from 7 . 5  to 17 . 6% of the tot al feed 

( 0 . 01-0 . 05 kg of hay per day ) . The amount of h ay w as 

small rel ative to the qu antit y  of pellets e aten ( average 

about 3 kg/day ) on the High r at ion . C onsequent ly ,  t he 

va riatio n  in hay % within the High rati on t reatme nt was 

ignored . 

For c alve s on the Low r ati on , the allowance of 

pellets given was about 10% o f  the tot al feed dry matter 

( h ay + pe l lets ) ;  all the c al ves consumed al l the pellets 

given . Consequent ly ,  the small  variatio n of p e llets/total 

feed percent age within the Low rat ion t reatment was also 

ignored . 

2 .  2 Dry Matter Int ake 

T he me an valu es of dry matter int ake (DMI ) for e ach 

c al f  and the an alys is of covari anc e of the dat a a re sho wn 

in T ab le 11 and Appendix 2 re spectivel y . The me an values 

of DMI adjusted for  origina l liveweight for all the 

t re atment s and the result s of an alysis are shown in Fig . 

S a ,  b .  

At the s ame adj usted o riginal liveweight,  differences 

in DMI between diet tre atment we re s ignificant (P < 0 . 05 ) ;  

the temperature t re atment and the b reed x diet interactio n  

were highly significant ( P  < 0 .  01)  . 

Breed x diet inte raction . Further analysi s of the 

breed x diet interaction in DMI by Sum of Squ a re s  s imu lt an ­

eous t e s t  procedure ( S S -STP ) ( Appendix 3 )  reve aled that 

BF c alves had significantly higher DMI than F c alves fed 

on the High r ati on . The re were no s ignificant difference s  

in DMI between F c alves f e d  the High ration and BF and F 

calves given the Low r at ion (Fig . 5b ) . 



Temperature 

Breed 

Diet 

High 

ration 

Low 

ration 

TABLE 11 : MEAN VALUES OF DRY MATTER I NTAKE AND ORIGINAL LIVEWEIGHT 

HOT 

F riesian 

O rigin al Dry matter 
liveweight 

(kg)  

100 . 3 

10 2 . 8  

8 5 . 6  

10 9 . 6  

intake 

( kg/day ) 

2 . 8 1 

2 .  28 

2 . 3 5 

3 . 2 6 

Brahm an x F riesi an 

O riginal 
liveweight 

( kg)  

1 1 4 . 9 

106 . 7  

10 2 . 6  

102 . 6  

D ry matter 
int ake 

(kg/ day ) 

4 . 6 0  

3 . 6 3  

2 . 8 8  

2 . 8 9 

F rie sian 

O ri gin al 
1ivewe ight 

(kg)  

96 . 3 

8 2 . 9 

97 . 6  

9 4 - 4 

COOL 

D ry  
Matter 
Intake 
( kg/day ) 

4 . 36 

3 . 5 6 

4 . 01  

3 . 8 9  

1 2 0  

Bralman. x F rie s i an 

O riginal 
liveweight 

(kg)  

99 . 9  

109 . 0  

101 . 5  

10 9 . 0  

D ry 
Matte r  
Intake 
( kg/day )  

4 . 7 8 

4 . 98 

3 . 92 

3 .  96 
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2 . 3 Digestible Ene rgy Int ake 

1 2 3  

Dige sti ble en e rgy int ake ( DEI ) was calculated by 

multiplying th e gro s s  energy of the feed ingested by the 

gro ss ene rgy di ge sti b li lity of the fee d .  The me an values 

of DEI o bt aine d  f o r  e ach c al f  and :bhe analysis of covari ance 

of the data are s hown in T ab le 12 and Apl)endix 4 respective ly . 

The me an values for all the t re atment s and the 

resu lt s of an alysi s  are shown in Fig . 6 a ,  b .  

At the s ame a dju sted or igin al l iveweight , difference s  

in DEI be tween tempe rature and diet t re atment s we r e  high ly 

signif i c ant ( P  <0 . 0 1 ) . 

3 .  Dlgesti bi lity 

3 . 1  D ry Matter D igestibi lity 

Dry m atte r digestibility ( DMD ) i s  given by 

m1D = F�ed DM - F aecal  DM x lOO% 
F eed DM 

The values of DMD o bt aine d fo r e ach calf and the 

ana lysi s  of var i ance of the dat a are shown in T ab le 1 3  

and Appendix 5 re spe ctively .  
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TABLE 12 : MEAN VALUE S O F  DIGESTI BLE ENERGY I NTAKE (DEI) A ND ORIGINAL LIVEWEIGHT 

Temperature 

Breed 

Diet 

High 

ration 

Low 

rat.:ion 

Frie sian 

Ori ginal 
liveweight 

kg 

100 . 3 

102 . 8  

8 5 . 6  

10 9 . 6  

DEI 

HOT 

%: ay 

3 8 . 1 3 

30 . 8 9 

2 6 . 96 

3 6 . 04 

Brahman x Friesian 

Original 
liveweight 

kg 

114 . 9 

106 . 7  

102 . 6  

102 . 6  

DEI � 
6 5 . 3 9 

45 . 8 4 

3 1 . 8 6  

32 . 7 3 

F riesi an 

O riginal 
livewei ght 

kg 

96 . 3  

8 2 . 9 

97 . 6  

9 4 . 4 

DEI 

COOL 

%, day 

5 7 . 1 8 

42 . 7 0 

3 9 . 2 2  

40 . 2 7 

Brahm an x Friesi an 

O rigina l 
livewe ight 

kg 

9 9 . 9 

10 9 . 0  

101 . 5  

109 . 0  

DEI 

% a ay 

5 9 . 15 

67 . 10 

42 . 7 8 

41 . 36  
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Fi gure 6b . �i ges t ibl e energy int aAe ( after adjustment for variations in original l ive weight) 
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T ABL E 1 3 :  DRY MATTER DIGESTI BIL ITY (%) 

Temperature HOT COOL 

Breed Diet F rie si an 
Br ahman x Frie sian Friesian 

Br ahman x 
F rie s i an 

High 

r a ·tion 

Low 

r ati on 

7 2 . 0  

7 2 . 1  

6 4 . 5  

6 2 . 2 

7 6 . 4  

67 . 5  

6 3 . 9 

60 . 2  

7 2 . 0  

67 . 9 

5 7 . 7  

5 4 . 4 

7 2 . 7  

6 9 . 2  

60 . 5  

5 7 . 6  

The me an values of DMD of  each t reatment ,  b re e d, 

dlet and temp e r ature , and the result s  of the analys i s  are 

i l lustrated in Fig . 7 .  

The analysis s hows that differences in DMD bet we en 

t empe ratu re we re signif icant ( P  < 0 ,  05 ) and diet t re atment s  

we re high ly significant (P  < 0 ,  0 1 ) . 

3 .  2 G ross Ene rgy Dige stibility 

G ro s s  ene rgy digesti bility (GED ) is  given by 

GED = Feed GE- F ae c al GE x lOO% 
Feed GE 

The values of GED obt ained for e ach cal f  and the 

analysis of vari anc e of the dat a are shown in T ab le 1 4  

and Appendix 6 respectively . T he me an va lue s of GED fo r 

each t re atment , breed, temperature and diet ,  and the results  

of the ana lysis are illust r at e d  i n  Fig.  8 .  
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T he analysis shows that the diffe rence in GED between 

temperature were s i gnific ant ( P  � 0 .  OS ) and diet tre atment s 

were high ly signific ant ( P  � 0 .  01 ) . 

TABLE 1 4 :  

Temper ature 

' Hi gh 

ration 

Low 

ration 

GROSS ENE RGY DIGESTI BIL ITY (% ) 

HOT COOL 

F riesian Brahman x 
F riesian 

F ries i an 

7 5 . 1  

7 5 . 2  

6 3 . 6  

6 1 . 3  

7 8 . 8  

70 . 0  

6 2 . 8  

61 . 3  

7 2 . 7 

66 . 5  

57 . 4  

5 4 . 2 

3 . 3 Apparent Nit rogen Dige stibi lity 

Brahman x 
F ri e s i an 

7 4 .  7 

6 8 . 6  

6 0 . 5  

5 7 . 9 

Apparent N it rogen digesti bility ( AND )  i s  given as 

A ND = Feed N - F aecal N x lOO% 
Feed N 

Although this ratio t ake s no account of the 

heterogeneous o rigin of f aecal nitrogen, it h as commonly 

been employed a s  a digestibility c o effic ient . T he value s 

of  AND obt ained fo r e ach c alf and the an alysis of  variance 

of the dat a a re shown in T able 15 and Appendix 7 respectively . 

The mean value s of AND fo r e ach t re atment , breed, temperature 

and diet , and the result s of the analysis are illustrated 

in Fig.  9 .  



TABLE 1 5 :  APP ARENT NITROGEN DIGESTI BILITY (%) 

Temp e r ature 

H igh 
r ati on 

L o 1v 
r · at io n  

F rie si an 

7 3 . 1  

7 2 . 9  

5 2 . 4  
5 1 . 8  

HOT 

Br ahman x 
F ri e s i an 

8 0 . 4  
6 8 . 0  

5 2 . 7  
so .  0 

COOL 

F rie sian 

7 3 . 7  

7 0 . 4  

47 . 2  
4 3 . 1  

1 3 1  

Brahman x 
F riesi an 

7 1 . 8 

7 0 . 8  

5 1 . 4 
s o . o  

AN D o f  ·th e H igh ration was si gnific ant ly ( P  z 0 .  0 1 )  highe r  
t h a n  for 'lhe Low r a 'li on .  All th e othe r t re atments we re 

n irrd l a r . 

4 .  l . i ve h•e igh t. G a in 

The v a l u e s  of liveweight gain ( LWG )  fo r e ach c alf 

and the an alysis of variance o f  the dat a are shown in 
T a b le 16  and Appendix 8 re spe ctively . 
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T A BLE 1 6 : LIVEWEIGHT GAI N�c { kg/day ) 

T empe ratu re 

H igh 

r ation 

Low 

r ation 

HOT 

Frie s i an 

0 . 5 6 
0 . 2 5  

0 . 2 1 

0 . 4 2 

Brahman x 
F rie s ian 

1 .  06 
0 . 7 5 

0 . 3 5 

0 .  38 

COOL 

F riesi an 

1 .  07 
0 . 86 

0 . 70 

0 . 7 2 

-le Not adj usted for o rigin al livewe i ght 

The me an values of LWG and the r e sults of the 

an a lysi s are shown �n Fig .  1 0  a ,  b .  

1 3 3  

Brahman x 
Frie s i an 

1 .  2 8  
1 .  2 0  

0 .  7 9 

0 . 6 2  

T he effe cts of tempe r ature and diets were high ly 

signif ic ant ( P  <: 0 .  0 1 ) ; the effects of b reed and the breed x diet 

int eraction were s ignific ant {P  < 0 . 05 ) . 

Breed x di et interaction . Furthe r analysis of t he 

breed x die t  t re a·tment ( Appendix 9 )  reve aled t h at BF 
calves fed on the H igh rati on grew significantly f aster 

than F fed the s am e  rati on . There we r e  no signific ant 

di fferences 1n LWG in F fed the High r ation as compared 

with BF and F c a lve s fed the Low ration . As a who le , BF 

fed the High ration had the highest LWG (Fig . lOb ) . 

T he regres s ion be tween LWG and DMI was signifi c an t  

{ Appendix 1 0 ) , thu s ,  an alysis of covar i ance of  LWG 

adjusted for DMI was calculated to determine whethe r 

highe r LWG was due to highe r DMI ( Appendix 1 1 ) . The 

analysi s showed th at a high prop rtion of the difference s  

i n  LWG du t o  t em p e r at u re , br e e d  and the breed X di et 

t reatments was attribut able to diffe rences in DMI {F ig . 

lOa,  b ) • 



1- � 

1•1 

o-9 1--

0·7 1---- r 
:>, �-·-

'-' ......... 
b.D � 

o-s- 1� 

0-3 

o L  

p 

"F iga re l O a . L T VE ;•; t:.I';�'r 

. . . . . . . . . . . 0 . 0 . . . . . . . . . . . 0 . . . 0 . . . . . 0 . . . . . 0 . . . . . . . . . . . . . 0 . . . 0 . - �  . . 0 . . . . . . . . . . . 0 . . . . . . . . . . . . 
.. . . . . . . . . . . 0 . . . . . . .. . . ' . . .  If f f I • • • . . . . . . 0 . . . . . . . . . . . . 0 . . . . . . . . . . . . . . . . . . . . . . 

For e ac h  t re at m& n t  

L 

E 
1: : : : : . . · . · . ·  • 0 • · . · . · � • 0 • 

0 0 • 0 0 

� � � � � -. . . . . • 0 

• 0 0 • 0 

. . . . .  . . . . .  • 0 . . .  . . · . · . · 

• • 0 . . • • 0 • 0 . . .  . .  • • 0 . . . . . . . . . . 0 0 . . 0 • 0 • • 0 = · = · = · L ' • t r' • •  • • 0 0 0 • 0 • . . . . . · . · . · • • • • ·
1-----1; : : : : :  · . · . · . . . . . - . - .. . . . . 

"; AJ!-'" • 

1� 
• 0 . . .  0 0 • 

. . . . . . 

. . . • 0 • • 0 • 0 . . . . . . . . 

• 0 0 • 0 0 • . . . 0 0 0 0 0 0 • 0 0 • 

o-+1  0 -9 1 o - \ 2.  o-')1 1 · 2.4 . o-- n o - 7 •  

I l· · · c� -�· · · J · · · · .1 l" ' ' o1 , • . • , 1 • ' • ' • 1 f, ' • ' • , • : • � • A 
�-- hot ----*'=�-- cool ;.; 

":' .:: ..;. \- E:  .::- G.t u r e *  <� 

� - - ­
[ I 
r 
I I 
I I 

0·'50 0 · 9 1  �UIUIUIJHI 
hot cocl 

. . 0 • 

D 
R 
L 

B r ahman x �r i e s i an 
F ri e s i an 
>1i bh P a t ion 
T, O \'. � a t i o r , 

.. = f' <. O .  05 
ll -11- = 1' <. 0 . 01 

1 3 4 

A f t e r  ad j u s t ment for v ar i at i on s 
i n  d ry mat t e r  in t ak e . 

t= 

D i e t • 11 

· -

l 
I 
I 
I 

r+++ + + +  + + +  + + +  + + +  + + +  + + +  1.1! ! ! 
o· SS o- s �  

U.l+ + +l 
H I� 

P r e e o Y 

r - -

o - 6 0  

0 0 0 • 0 0 • 
: : : : : • 0 • . . : · : · : . . • 0 • . . . . . ·: = � = � = �  0 • • 0 • • 
: : : : : : : : : : : : · . · . · .  . . . . . . 
O·S I  

I 1 · : · : · :1 



F igure l Ob .  L IVE WEIGHT GA IN. 

L 

Breed x temperature N S  

� 'd ---... QC ..!< 

. . . . . . 

. . . . . . . . . . . . 
.
:

: : : : . . . . . . : : : : : · 
. . . . . 

�· t- : · : · : : : : : : : 

: : : : :: - ---- _ _le • • � · . .  : - : · : · 
. . . : - : · : ·  . . . : - : · : ·  . . . : - : · : · . . . . . . • • :1 I� • • • • • I" • • . . . . . . . . . · . · . · . = · = · = · . . . . . .  

· : · : · : . . . . . . . . . . . . . . . . . .  . . . 
· : · : · : : - : · : . . n::: : : . · . · . . . . . . . . . . . . . . . . . .  
· . · . · . . . . . . . . . . . . .  . . . . .  . . . . . . . . . . . . 

0 · �7 0 · - o ·84 o-q s  

I E · ·� 1 · · · 1 · = · = · �  . · : · : 
I ' • • • 

hot .  cool 

For abbrevi ations and signs see page 1 3 6 .  

Breed x d i e t -.  
t . . . . . . 

. . . . . . 
: - : · : ·1 

r - - ­
' 
I 
I 

0·� 

. . . . . . . . . , . . . : : : : : : . . . 
. . . . . . . . . . . . . , . . . . . 

· = · = · . . . 
· = · = · . . . . . -
, .o a o-Sl 

• • • I I . . . 
. . . . . . ,. - . - . • • •I . . . . . · . · . ·  . . . . . 

0· 54 

! 1. · . · · ·1 !• : · : · � . . . . . . . . . _. . -
H L 

Temp� rat u re x d i e t  MS 

0·66 o ·�S 

+ + +  + + +  + + +  + + +  + +  + +  + +  + +  •!! + + + +  + +  

' . " 
+ +  + +  + +  + +  
0· 7 1  

-+ + +-1+ + +1 + + +  +++ 
h o t  cool 

1 35 



= 1�r w.ri.ar1 x -=' r 1 e s i 1:1n . 0 = Fr i � :... .L a 1 1 
a = H J [ .;.gh Rc.. 1, .i on . 
+ +  = L = L G I• T h  t i on . + + 
- - - - = after ad justment for vari at i on s  in. dry mat ter intake 

:.� = T' <O . V 5 .  

1 36 



The difference in LWG between diet s was not totally 

acco�nted for by difference in DMI as it was still sig­

nific ant after  having be en adjusted for DMI ( F i g .  lOa ) . 

1 3 7  

The diff erence in LWG be twen d iets was due to the i r  

diffe rences in DEI . Aft e r  adj ustme nt fo r variations in 

DE I ,  the LWG f o r  the H igh and Low r ati ons we re the s ame 

( F ig . lOc ) , 

5 .  Wate r  Int ak e  

Water  int ake me asured was f ree water  int ake . The 

va lue s of wat e r  int ake and the resu lts of an alysis of 

the dat a are shown in T ab le 17  and Appendix 1 2  respectively . 

TABLE 17 : WAT ER I NT AKE 

T empe rature HOT 

Breed F rie s i an Br ahman 
F riesi an 

COOL 

X F riesi an Brahman 
Friesian 

X 

Water litres/ litres/ litres/ lit res/ 

H igh 

r ation 

Low 

r ation 

Int ake day 

30 . 5 
2 6 . 3  

2 5 . 5  
3 2 . 4  

day 

42 . 5  
3 8 . 4  

28 . 0  
1 7 . 8  

day 

16 . 1  
11 . 8  

1 7 . 6  
1 4 . 6  

1 4 . 6  
1 4 . 5 

1 4 . 1 
16 . 9  

The me an value s of water  int ake and the results of 

an a lysis are shown in F ig .  l l a ,  b .  

Ther e we re highly signific ant diffe rences ( P  < 0 . 01 )  

1n w at er int ak e due t o  the effects of t empe r ature and the 

day 
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1 41 

breed x diet inter action . Tempe rature x diet inter action 

was sign if i c ant ( P <! O , OS ) .  

Bree d  x diet inte raction . Further analysis  of the 

breed x diet int ere action ( Appendix 1 3 a )  reve aled that BF 

calve s fed on the High r ati on drank signifi cant ly more 

wat e r  than F c a lves fed on the s ame di et . T he r e  was no 

signific ant di ffe rence in wate r int ake between F c alve s 

fed the High ration and BF o r  F c alves fed the Low rati on . 

As a who le , BF c alve s fed t he High r atio n had the highest 

water intake in th e breed x diet inte re action ( F ig .  llb ) . 

T empe rature x diet int e r actio n .  - Furthe r analysis 

( Appendix 1 3 b )  showed that c alves fed the High r ation ha d 

si gnif ic ant ly highe r water int ake than c alves f e d  t he Low 

ratio n in th e hot ro om . The c alves fed the Low r atio n 

in the hot room h ad s ignific an tly higher water int ake 

than the c alves fed bot h the H igh and the Low r ation in 

the coo l room ( Fig . llb ) . 

T he regre ssion between w ater int ak e and DMI was 

signific ant ( Appendix 1 ) . T he analysis of covari ance 

of water int ake adj u sted for  DMI was employed to determine 

whether diffe rences in DMI could account for the s i gnifi c ant 

differences  in wate r int ake dis cu ssed above . The 

an a lysis ( Appendix 1 4 )  showed that th e higher water in-

t ake in BF c a lv�s
d

fed
t

the High rati on compar ed with other 
assoc1.ate w1. h 

tre atment s was / mainly to t heir higher DMI .  But , the 

signific ant effe cts of temperature , and tempe r at u re x diet 

interaction could not be accounted for by differen ces 

in DMI alone , which was expected . The mean value s of 

water int ake pe r unit dry matter int ake are s hown in Fig . 1 2 . 
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II . RADIA NT HEAT STRE SS TRI A L  RE SULTS 

1 .  Ra diant Heat Load 

1 4 3  

The radiant heat fluxes i n  the two pens with radi a nt 

heat load measured on a hori z ontal s urface at two heights 

from the ground ( 0 . 5 and 1 . 6  m )  are shown in Tab l e  1 8 . 

The total radiant heat fluxes ( LWR + SWR ) at animal ' s  

standi ng height was 1146 W/M2 , and consi sted o f  mainly 

SWR ( 9 3% ) .  

Table 1 8  Ra di a nt Heat Fluxes of Ra di ant Room 

Al A2 Positions of 

measur ements of  

Bl B2 radi ant heat flux 

-3�-+ 
LWR + SWR SWR ( W/M2

) LWR ( W/M2 ) I- -'C " 

( W/M
2

) 

Positi ons o . s m 1 . 6  m 0 . 5 m 1 . 6  m 0 . 5 m 

Al 

Bl 

A2 

B 2  

from 
floo r 

9 5 2 

9 5 7  

9 8 6 

9 1 3  

from 
floor 

1103  

119 3 

1142  

1146 

from 
floor 

8 7 8 

8 8 3  

9 0 5  

9 0 5  

from 
floor 

1 0 39 

1106 

10 57  

1064  

from 
floor 

7 4  

7 4  

81  

8 

Average 9 52 1146 89 3 106 7 59 

+ Measured with Sola rimeter with pol ythene 
hemisphere . 

1 . 6  m 
from 
floor 

6 4  

8 7  

s s 
8 2  

80 

�� Measured with Sola rimeter with gla s s  hemi spher e .  

I"�� By di fferenc e .  



2 .  Net Exchanges of Radi ant Heat 

The net exchange s  of radi ant heat between 

the animal and its envi ronme nt are shown in Table 19 . 

Table 19  Net Exchange of Ra di a nt Hea t Between the 
Animal and Its Envir onment 

B F 5  

F 7  

Readi ngs o f  net ra diometer 

Upp er 50% 
of body 

( W/M2
) 

Lower 50% 
of body 

-14  

11  

Average 
net 
r adi ant 
heat 
exchanges 

1 74 

1 8 5  

Surface area 

0 . 0 9 7  X Bw0 · 6 3 3  

( M2 ) 

2 . 7 4 

2 . 3 2 

1 44 

Net 
r adi ant 
exchanges 
p er 
animal 

( W/anima l ) 

4 7 7  

Negat ive value me ans net r a diant heat loss from the body o f  the 
anima l 

3 .  Respi rati on rate and rectal temperature 

The mean va lues of resp i ra ti on r ate an d 

rectal t emp erature are shown in Tab l e  20 . 



Period 

Period 1 

Peri od 2 

+, * 

++ 
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Table 2 0  Mean Values of Respi ration Rate and Rectal Temperature 

Resp irati on Rate ( p er minute ) Rectal temperature ( °C )  

Ra di ant Heat Non- radi ant Heat Radi ant Heat Non- radi ant Heat 
Animals 

F7 ) 
) + 

B F5 ) 

B Fl 

F6 ) 
) �� 

" 

B F7 ) 

B F8 

AM 

9 0 . 0  

44 . 9  

8 9 . 3  

79 . 8 

4 9 . 3  

71 . 7  

PM ++ 

1 2 0 . 9  

6 5 .  9 

1 3 2 . 2  

126 . 9  

8 2 . 1  

109 . 8  

AM 

9 3 .  2 

5 5 . 2 

6 9 . 1  

86 . 2  

42 . 7  

59 . 9  

PM 

7 8 . 0  

51 . 7  

5 8 . 8  

8o . 5  

41 . 2  

58 . 3  

AM PM ++ 

40 . 10 41 . 2 2  

3 8 . 7 2 3 9 . 4 1 

40 . 2 5 4 1 . 76 

39 . 79 4 1 . 0 7 

3 8 . 80 39 . 79  

39 . 32 40 . 71  

AM 

40 . 46 

3 8 . 5 8  

39 . 7 6 

40 . 0 2 

3 8 . 74 

39 . 54 

Pairs  of animals subj ected simultaneous ly to the exposure of r a diant heat stress 

PM measurements recorded a fter approximatel y 8h of exposure to radi ant hea t  

These data a r e  the subj ect of another thesis b y  Mr . P .  Sauwa 

PM 

40 . 1 4 

3 8 . 4 8 

39 . 4 4 

40 . 0 7 

3 8 . 80 

39 . 16 



1 46 

4 .  Dry Matter Intake 

The mean values of dry matter i ntake ( DMI ) 

obtained in the exp er iment a re shown in Table 2 1  and Fi g .  1 3 .  

Table 2 1  Dry Matter Intake (kg/day) in Ra diant Heat Tri a l  

Radi ant Heat Non-Radi ant Heat 
Period Animals 

kgDM/day kgDM/kg LW/day kgDM/da y kgDM/kg LW/day 

F7 ) 3 . 30 0 . 0 2 2  3 . 50 0 . 0 2 3  
) + 

1 B FS ) 4 . 20 0 . 0 2 1  3 . 8 5  0 . 0 2 0  

B Fl 2 .  52 0 . 0 2 0  3 . 10 0 . 02 4  

F6 ) 2 .  9 3 0 . 0 2 9  3 . 3 4  0 . 0 3 3  
) O <  " 

2 B F7 ) 3 . 36 0 . 0 2 7  3 . 6 4 0 . 0 2 9  

B F8 4 . 1 6 0 . 0 2 5  4 . 5 3 0 . 0 2 7  

+,  �< Anima ls s ubj ected s imultaneously to the exp osure of radiant 

heat s tress 

The anal ysis of vari ance of the data are shown i n  

App endi x 1 5 . The mean values of DMI and the results o f  the 

ana l ys i s  are shown in Fig . 14 . DMI was reduc ed by exp osur e 

to r a di ant heat stress , but the effect was not s tati stically 

s ignific ant . The DMI in Pe riod 1 was  lower than i n  Per iod 2 ,  

but thi s  di fference was also not significant . 

s i gni fic ant Period x treatment interacti on . 

There was no 



Fi cu re l ;. . R ad i ant he at s t r e s s  t ri al _. _  nry mat t er i nt aKe .  (kg Dlwi'}Kg 11�/a ay )  
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F 7  BF 5 �� � f 7  B F 5  � F  I 1= 6  SF 7 

+ + +  + + +  
c=J = 
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R ad i ant he at 

�r o n - r ad i  ant h e at 

pe riod 2 

+ + + +  
+ + +  
+ + +  + + +  
+ + +  + + + + + +  
+ + +  + + + 
+ + +  + + +  + + +  
O - O l. 5  0 · 0 3 3 O ·O l. "  0 - 0 .l. 7  r+ + + ' L_l LJ LJ + + +  
B F B F 6  l) F  7 I:)F B 
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Figure 1 4. � ad i ant heat s t r e s F  trial - --Dry mat t e r  &nd v. ater in t aK e s . 

+ + + -+ + + - P ad i ar,t he at d re s s  
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5 .  Water Intak e 

The mean values of water intake obtained in t he 

experiment are shown in Tab le 2 2 .  

Table 2 2  

Period 

1 

2 

Water Intake (1/day) in Radiant Heat Tri a l  

Anima ls 

F7 ) 
) +  

BFS ) 

B Fl 

F6 

B F7 

B F8 

Ra diant Heat 

2 1 . 9 1 

3 6 . 7 8 

2 1 .  so 

2 1 . 4 6 

2 4 . 2 3  

3 7 . 6 4 

Non- Radi ant 

Hea t  

2 6 . 9 6 

3 6 . 8 2 

16 . 32 

2 2 . 1 8 

2 2 . 2 8  

2 8 . 0 5 

Anima ls subj ecting t o  the exp osure of radi ant  

heat stress at the s ame time 

The analysis of va riance of the data i s  shown in 

Appendix 1 6 . The me an values of water intake and the 

r esults o f  the ana l ysis are i l l ustrated in Fig .  1 4 . 

Wat e r  int ak e was increas e d  in three calves and 

decreased in the other three c alves when exposed t o  

8 h/da y of radi ant heat stress , but it  was not 

s t atisti c a l l y  s ignificant . Water intake in :Peri od l 

w a s  higher than Period 2 ,  but t his di fference was  also 

not signifi cant . There was no signific ant Per i od 

x treatment interacti on . 
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C HAPTER 4 

I . MAIN EXP ERIME NT 

In the hot room , the black-glo be tempe r ature 

was only 0 . 7 °C higher than t he air temperature . Thu s ,  

the the rmal he at stress in the hot room was mainly du e 

to the high air temperatu re r at her than the radiant he at . 

This was different f rom the Radi ant He at St ress t ri al in 

which both r adi ant he at lo ad and high air temperatu r e  

constituted t he he at stress , s imu lating dire ct sunshine 

in a hot envi rorunent in the t ropics . 

1 .  Feed Int ake . 

T empe rature . The con sumption of dry m atte r and 

digesti ble ene rgy was signific ant ly lower in t he hot room 

than in the coo l room , as expe cted . Re su lts are in 

agreement wi th those of Ma rt z et al ( 1 9 7 1 ) , Kel l away and 

Co ldtiz ( 1 9 7 5 ) ,  Co ldit z and Ke l l away ( 1 9 7 2 ) , Ve rco e and 

Frisch ( 1 9 7 0 ) ,  Vohnout and Bateman ( 1 97 2 ) .  Fee d  

consumption result s i n  an inc rease i n  he at produ ctio n  

i n  the body ; in order to redu c e  th is extra he at loa d  

in th e hot environme nt , the anim al depres ses i t s  VF I ,  

proba bly as  a consequence of the rmo static 1 sign als 1 •  

I t  is difficu lt to  comp a re the present resu lt s  

f o r  the amount by wh ich feed int ake was reduced i n  the 

hot envi ronment with th e resu lt s of othe r experiment 

be cause diff e rent diet s ,  types o f  animals  and degrees of 

he at stre s s  we re used in different experiment s . Howeve r ,  

the subst ant i a l  depression o f  VF I  i n  th e hot envi ronment 

( 3 9% and 3 4% dec rease in DMI and DE I respectively ) in the 

p re sent exp e r iment i s  comparab le with the work shown in 

T ab le 2 3 .  

T he reducti on of VFI i n  the present expe r iment 

affected l iveweight gain and wat e r  int ake su bse quent l y  

( S ection I ,  3 ,  4 ) .  
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4 .  

5 .  
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Table 2 3  COMPARI SONS OF  VOLUNTARY FEE D  I NTAKE I N  H OT AND COOL ENVIRONME NTS 

DIET 

High concentrate 
( p ellets ad lib . ) 
and Low concentrate 
( hay ad li b .  ) 

Cereal-based di et 

( 2 2 %  fibre ) 

Cereal-based di et 
( 16 %  fibre ) 

Cereal-ba sed di et 
( 10% cottonseed hull ) 

Cereal-based diet 
( 55% c ottonseed hull ) 

Cereal-based pelleted 
rations ( 1 5% and 86% 

oaten chaff ) 

Cereal-based pelleted 
ration ( 1 5% oaten cha ff ) 

ANIMAL 

Brahman x Fri e s i an 
and Friesian 

castrated 
calves 

Jersey bull calves 

Scotch Highland 
and zebu hei fers 

Scotch Hi ghland 
and z ebu heifers 

Brahman : Fri esian 
and 
Brahman x Fri esian 
hei fers 

Fri esian , 
Brahman x Fri esi an 
hei fers 

- - - -

ENVIRONME NTA L 
CO NDITIONS 

Hot ( 3 4 . 5°C ,  4 5% RH ) 
Cool ( 16 . 9 ° C ,  8 6% RH ) 

Hot ( 36 ° C for 9 h/day, 
2 7°C at night ) 

Cool ( 2 3°day , 1 7 °C night ) 

Hot ( as above ) 
Cool ( a s above ) 

Hot ( 31° C )  
Cool ( 1 8 °C )  

Hot ( 31°C )  
Cool ( 1 8° C )  

Hot ( 3 8 °C ,  40% RH ) 

Cool ( 1 7 °C ,  70% RH ) 

Hot ( 3 8°c ,  4 6 %  RH ) 

Cool ( 2 0°C ,  6 8% RH ) 
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Continu ation o f  T able 23 

DRY MATTER DI GE STIB LE SOURCE O F  
INTAKE ENERGY I N TAKE 
( kg/da y )  (MJ/DAY )  DA TA 

l .  3 . 00 after adjustment 3 7 . 1 3  The Present Mai n  
for va riati ons in Exp erimen t 

4 . 2 8 original  LW 50 . 0 7 

per lOO kg LW MJ/1 

2 .  2 .  9 7  2 1 . 0  

3 . 54 2 5 . 2  Vohnout and 

2 . 9 5  2 4 . 7 Bateman ( 1 9 72 ) 

3 . 4 8 2 9 . 1  

3 .  4 . 04 

4 . 7 3 
Olbrich 

4 . 6 6 et al  
- -

6 . 4 2 ( 19 7 3 ) 

4 .  2 500 g/100 kg LW Co l dit z and 

2 740 g/100 kg LW Kel laway ( 1 9 7 2 ) 

5 .  204 7 g/100 kg LW Kel l away and 

2 79 5  g/100 kg LW Colditz ( 1 9 7 5 )  
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The c alves fed the High rati on ( low roughage diet ) 
ate s ignificantl y mor e dry matter and digestible energy 

than those fed the Low ration ( high roughage di et ) . Thi s 

i s  in agre ement with the findi ngs of Vohnout and Bateman 

( 19 7 2 ) ,  Balch and Campling ( 19 6 2 ) ,  Forbe s ,  et al  ( 1 9 6 9 ) and 

Raven et al ( 1 9 6 9 ) .  It is di ffi cult to comp a re th e 

differenc es in VFI between h i gh and l ow roughage diets 

in di fferent exp eriments as the compositi on of the di ets 

used in di fferent exp eriments vary widely .  

Thi s  result contrasted with Colditz and Kel l away 

( 19 7 2 ) ,  who found th at c onsump tion of the high r oughage 

di et was higher than the low roughage di et although the 

di fference was not signi fi cant ; however , their high 

roughage di et was pe lleted . Grinding an d pel leting of 

roughages would be expected to improve intake ( C ampl ing 

and Freer , 1 9 6 6 ) .  

The higher V FI of the High rati on than the Low 

r ation was  probabl y related to the phys i cal c ont rol of 

VFI . With roughage di ets cont aining at  least 10% crude 

p rotein ( CP ) , control of VFI b y  physi cal factors  in  

a dult cattle app ears to  cease at  the range of  6 5- 6 7% 

di gesti bi lity ( Campl ing , 19 70 ) .  The hay used in the p resent 

experiment contained 10 . 4% C P ,  and the dry matter and 

energy digestibi l ities ranged from 56 to 64 and 5 6  to 6 3% 

resp ectivel y .  Thus , the low c oncentrati on of dige stible 

energy ( h i gh bulki ness ) and l ow dry matter digestibility 

of the Low rati on were the p ro bable physical f a ctors whi ch 

prevented the calves from bei ng able to take in suffici ent 

hay to meet thei r metabolic demands . The High r a ti on had 

significant!� hi gh dry matter and digestible energy 

digestibi lities ( average 7 1 . 2  and 7 2 . 7% respectivel y ) 
than Low r a tion . Thus , when the calves were fed on the 

Hi gh rati on , a physi cal intake-dep ress ing effect w ould 

not have been expe cted to oc cur . 
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Besi des the dr y matter digesti bility and digestib l e  

energy concentrati on o f  the feed, the p rotein content of  

th e diet per � may also affect V FI . The int ak e  of 

for ages was reduced ma rkedl y when thei r CP content was 

less than 7% ( Mi lford and Mins on 1 9 6 5 ) ,  or 8 . 5% ( Bl axte r  

and Wi lson , 1 9 6 3 ) .  The hay used i n  the present exp er iment 

cont ained 10 . 4% CP . The p rotein c ontent per � was , 

therefore , unlikely to limit VFI of hay in the Low r ati on . 

For concent rate ( p ellets ) diets , V FI of steers decreases 

when the CP content gets below 1 1% in the diet for growth 

up to 2 50 kg liveweight ( Robe rtson et � ;  19 70 ;  Kay and 

Macdearmi d ,  1 9 7 3 ) .  The p ellets used in the p resent 

exp e riment contai ned 2 1 . 6 % CP . It was unlikely tha t 

VFI would be limited by the p rotein content per se of the 

High ration . 

Breed . B F  ca lves ate s lightl y mor e dry matter an d 

digestible energy than Fri esian calves , but it was not 

signi f icant . This wa s in agreement with Col dit z and 

Kel l away ( 19 7 2 ) .  In thei r experiment , BF also had s li ghtl y 

higher dry ma tter intak e than Fr iesian . However , the 

voluntary feed i ntake by the di ffer ent breeds was comp l i cated 

by ( i ) the type of di ets fed, and ( i i ) the temperature of 

the envi ronment . These breed x diet and breed x temp e r ature 

intera cti ons wi l l  be dis cussed in deta il in the next two 

secti ons . 

Breed x Di et Inter acti on . The findings that 

B .  indicus usua lly ha d a higher intake of high roughage 

diets than B .  t a urus cattle ( e . g . H owes et al ; 1 9 6 3 ;  

Karue et al  19 7 3 )  was not evi dent i n  thi s experiment . 

B F  and F calves had very s imilar feed intake when fed 

the hi gh roughage diet ( Low r ation ) . 

B F  c alves ate signi ficantly more dry matter than 

F calves when fed the low roughage di et ( High ration ) ; 

thi s i s  in agreement with the result obt ained by Coldi t z  

and Kel laway ( 19 72 ) although their experiment showed tha t  

the di fferenc e between breed typ es was small and non­

signi fi cant for the roughage diet . 
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B F  calves also  had a higher DEI than F calves 

when fed the High r ation ; the di fference in VFI between 

BF and F calves when fed the High r ati on in terms of 

digestible energy ( 2 3% )  was smaller than in term of dry 

matter ( 2 9 % ) ,  p ro ba bly bec ause of the l ower GE digestibility 

of one B F  cal f ,  whi ch was 5 . 0  digestibility units lower 

than F calves in the same treatment . 

These results agree closel y with those of Col ditz  

and Kellaway ( 19 7 2 ) ;  alth ough their p aper does not give 

any interacti on det ai ls . 

The reason wh y B F  calves ate mor e than F calves 

when fed the High r ation cannot be ful l y  explained in the 

p res ent experiment , becaus e not all  the factors a ffecting 

VFI were studi ed ( e . g .  retention time o f  diges ta , etc . ) .  

But , it was not due to di fferences in digestive efficiency ,  

since they ha d very similar dry matter and digestible 

energy di gestibilities . 

In any cas e ,  the higher feed intake of B F  calves 

fed the High ration was the main cause of their subse quent 

higher liveweight ga in and water intak e  ( Section I 3 ,  4 ) .  

Breed x tempe rature intera cti on . One of the ma j or 

interests in the p r esent tri a l  was to determine whether 

BF ca lves could have higher VFI than F calves in the 

hot envi ronment . Kellaway and Colditz ( 19 75 ) ,  Coldit z 

and Kellaway ( 19 7 2 )  found signifi cantl y higher VFI in 

B F  than F at high temperature . In the p resent exp eriment , 

B F  calves also ate more th an F calves in the hot room , but 

this differenc e was  not signi ficant . The higher DMI 

and DEI of B F  than F calves i n  the hot room was due solely 

to the higher intake of BF calves on the High rati on ;  on 

the Low r ation, c alves of both breeds had ver y  simi l a r  

intakes at the h o t  and the c ool temperatures . 



Di et x t emperature int eracti on . The c a lves fed the 

High rati on had a higher DMI tha n those fed on the Low 
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r a ti on in the hot a nd cool rooms . Sinc e high roughage di ets 

( Low ration ) h ave a greater sp ecific dynamic action ( S DA ) 
than low rougha ge di ets ( High ration ) ( Kibler , 1 9 6 1 ) ,  the 

difference in V FI b etween the two di ets was expected 

t o  be greater a t  hi gher temperature .  However , the 

di fferences in DMI betwe en the High and Low r a tions were 

s imi la r in th e hot and c ool rooms in the p res ent exp eriment 

( Fig . 5b ) .  Thi s is in a greement with the fi nding of 

Vohnout and Bateman ,  ( 19 7 2 ) .  

Breed x diet x temperature interactions . Althou..gh 

Breed x diet x temp eratur e interactions were not 

s ignifi cant , B F  calves ate more dry matter and di gestible 

energy than F c alves when fed the High rati on in the hot 

r oom . The cons ump ti ons of  dry matter an d di gestible 

energy by BF a nd F calves were simi lar when fed the Low 

ration in the hot room . 

A ma j or p o int of i nterest is that B F  calves had l ower 

body temperatur e  ( rectal temperature ) and resp ir ation 

r ate in the hot room than F calves , but only ate more when 

fed the High r ation , not the Low r a tion ( Fig . 1 5 ) .  Thi s 

r a i s es the question about the suita bi lity of body 

t emp erature a nd resp i rati on r ate as the indi c ators of  

heat stress . 

Silva ( 19 7 3 ) found a hi gh geneti c correl ation between 

da i l y  gain and rec-tal  t emper ature i n  cattle kept under 

r ange conditions in Bra z i l  and suggested the possibi li t y  

of  selecting s imult aneous ly for weight gain and heat 

toleranc e ( indi cated by r ectal temp erature ) in beef c a ttle 

production esp e ci ally in tropical  a reas . However , Pr es ton 

a nd Wi llis ( 19 7 5 )  suggest ed that s election should be o n  

growth , not on body temperature a n d  respirati on r ate . 

In the p resent exp eriment , the r ectal temp er ature 

and respiration rate ( heat stress indi cators ) did not s erve 



Figure 1 5 .  Main Tri al - - -Dry matter int aK e , rec t al  t emp e rature and re spirat i o n 
r at e  in the ho t room. 
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a s  good indicators for dry mat ter intake and subs equently 

di d not p r ovide a goo d  guide t o  LWG in the h ot room . 
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( This asp e c t  will b e  investigated further b y  Mr . F .  Sauwa ) .  

2 .  DIGE STIBI LI TY 

The digestib i l i ty in s ome of the treatments i n  

t he present experiment w a s  c onfounded by two factor s : 

( a )  the l evel of  feed int ake , and ( b )  the c oncentrate : hay 

r a ti o .  These factors should be consi dered when c omparing 

the digestibility of the vari ous treatments . 

Temperature . I n  the hot room i n  the p r es ent 

experiment , there was  a slight but signi ficant increase 

in dry ma tter digestibility ( DMD ) ,  but not app arent 

nitrogen digestibi l i t y  ( AND ) . This is in agreement with 

the findi ngs of Verco e and Fr i sch ( 19 70 ) ,  Vercoe et al 

( 19 72 ) ,  Colditz and K ell away ( 1 9 7 2 ) .  The 3 . 5  digestibilit y 

units higher DMD in t he hot temperature is s imilar to the 

r esult of Colditz and Kellaway ( 19 72 ) ,  who rep orted a 

di fferenc e of 3 . 4 digestibility units . However , Vercoe 

a nd Fri sch ( 1 9 70 ) ,  Verco e et al  ( 19 72 ) r eported a smaller 

increase in DMD ( 1 . 0  and 1 . 7 digestibi l ity uni ts 

r esp ective l y ) . All thes e results were unadjusted by the 

l evel of DMI . 

Ther e  has app arent ly been no other similar 

exp eriment on gross energy digesti bi lity ( GED ) . But , one 

w ould exp ect the GE D to fo l low the tr end of DMD as higher 

DMD would probably lead to higher digestibi l ity of 

energy, hence GED .  

The effect of t empera ture on di gestibility was 

c onfounded by di ffere nces in the level o f  feed intake 

and concentrate : hay rati o between the t emp eratures . In 

t he hot room ,  the calves consumed about 2 . 3  times their 

m aintenanc e  requi rement , whi le thos e in the cool room 

c onsumed about 2 . 9  t imes their maintenance requirement 

( App endix 1 7 ) .  Anderson et al  ( 19 59 ) reported var iable 



effects of  intake of a mixed r a ti on ( c oncentrate and hay ) 
on DMD b y  s teers , They found no r elati onship between DMD 

and level o f  intake when i ntake ranged from 1 . 0  to 2 . 1  

t imes mainten ance .  H owever , Blaxter and Wainman ( 19 6 4 ) 

found that when the l evel of i ntake differed from 

maintenance to 2 times mainten ance intake ,  the AND and 

GE D were found to be lower at the higher level of feedi ng . 
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Table 2 4 . Digestibility and L evel of Fee ding ( From Blaxt e r  
and Wainman , 
1 9 6 4 ) 

Di et % of  Energy Digestibility ( % )  Nitrogen Digestibility ( % : 

Hay Mai z e  Level of  Feedi ng Level of Feeding 

slightl y l ess s lightly l ess 
than than 

mai nten ance ( M ) 2 x M M 2 X M 

8 0  2 0  6 9 . 6  6 2 . 7  5 7 . 0  5 3 . 4  

2 0  9 0  8 3 . 4 7 9 . 4  6 5 . 9 

5 9 5  8 7 . 6  8 5 . 9  7 6 . 5  

In view of the s e  reported results , the di fference 

in DMI between the hot and cool temperatures in this 

experiment might be large enough to c ause some s i gnificant 

i ncrease in digesti bi l ity in the hot room . I f  the level 

6 4 . 2  

71 . 3  

o f  intake had any effect , i t  would have i ncreased the 

digestibility in the hot room and henc e it c ould h ave 

a c c ounted for some of the measured di fference in digestibi lity 

be tween the temperatur e t reatments . 

However , the results of Blaxter and Wai nman ( 19 6 7 ) 

were obtained by comp aring M with 2 x M whereas the present 

r e s ults were obtained with l evels of feeding about 2 . 3  x M 

in the hot room and 2 . 9 x M in the cool r oom . 

The digestibility of the di et decreases as  the 

p ercentage of hay increased ( Tabie 2 4 ) ;  however ,  since the 

p e rcentage of hay in the diets of the calves in the hot room 

wa s onl y  very slightly higher ( 0 . 6% )  than the diets of the 

c a lves in the cool room , it  was unlikely tha t  thi s had any 

b ea ring on the difference in digestibi lity between tempera tu r es .  
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The w a y  in which a hot envi ronment ma y affect 

digesti on is not fully understoo d .  Many workers have 

attributed the increased digestibility at hot t emperatures 

t o  a dec reased DMI . But , in thi s exp e r iment � whether 

dep ress ed DMI have p l a yed a p art in the increased 

digestibi lity is unc ertain as noted befo re . Attebury and 

Johnson ( 19 6 9 ) had sp eculated that a dec reased rumen 

moti lity and thus a decrease in the p a s s age of digesta 

might cons equentl y i ncrease digesti on in the hot 

t emperature ; the rate of p as sage of digesta was not 

measured in thi s exp eriment . 

Diet . In the p r esent exp eriment , the Hi gh r ation 

was mor e di gestible ( dr y matter , energy and nti rogen ) than 

the Low ration ,  whi ch was expected . Thi s was because in the 

High rati on contained much less hay tha n  the Low ration . 

The hay would have been associ ated with large amounts of 

structur al constituents whi ch gi ve high faecal  losses , thus , 

has a low di ges tibi lity.  Thi s substant i al di fference in 

digestibi lity cont ri buted to the hi gher feed intake of the 

Hi gh rati on and the s ubsequent hi gher li veweight gain of 

calves fed the High rati on . 

It  is di ffi cu l t  to comp are the di fference in 

digestibi lity between th e hi gh and the l ow roughage di ets 

with other work as the composition of the di ets of di fferent 

experiments was di fferent . In the p r es ent experiment , a 

7 6 . 4% di fference in hay p ercentage c aused digestibility 

to be 11 , 1 3  and 2 2 . 8  uni ts hi ghe r for dry matter , gros s  

energy and app a rent nitrogen resp ective l y  in the Hi gh rati on 

c omp ared with the Low ration . These results a re comparable 

t o  the results of Blaxter and Wainman ( 1964 ) ( Tabl e  24 ) .  

The level o f  feeding was higher in calves fed the 

High rati on than the Low ration,  it  might t end to  decrease 

the di gestibility in the High r ati on , if there was a 

signi fic ant effect . But , the High rati on still had higher 



digestibility even though thei r higher intake might have 

l owered digestibility values . 

Breed . There is conflicting evidence a s  regardi ng 
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t o  the di fferences i n  digestive efficiency between zebu 

crossbreds and British typ e  cattle in the l i terature . In 

the p res ent exp e riment , no s i gnifi cant differenc es between 

B F  and F calves in diges tibilities ( dr y  ma tter ,  energy a nd 

nitrogen ) were found . Ka rue et al ( 19 72 ) ,  Vercoe ( 19 6 7 ) ,  

Kellaw a y  and Co1 ditz ( 1 9 7 5 )  also found no s i gnificant 

differences in digestibi lity in Zebu crossbre ds and Bri tish 

b reeds . 

Breed x diet interac ti on . Of p articular interest 

i n  thi s  trial was to find out wh ether Zebu cross breds had  

higher digesti bility than British breeds when fed  the high 

r oughage di ets a s  rep orted b y  Ashton ( 1962 ) ,  Vercoe ( 19 6 6 ) ,  

Vercoe and Fr isch ( 19 7 2 ) .  I n  the p res ent exp erimen t ,  there 

was no s i gnificant differenc es in digestibiliti e s  @ry 

matter , energy and nitrogen ) between BF and F calves when 

fed the Low rati on . However , the di gestibility of the Low 

ration ( 6 0% ) was not rea lly low,  a nd might not a l low the 

B F  calves to show s ignifi cant superi ority in diges tibility 

as with the low digestibility diets ( about 5 3% diges tibility)  

reported above . On the other hand, Coldit z and Kellaway 

( 19 72 ) found a lower dry ma t ter and nitrogen digestibilities 

for B F  and Brahman heifers than pure Friesian when fed the 

high roughage diets ( about 5 8 %  digesti bilit y ) . 

3 .  Liveweight Gain ( LWG ) 

Temperature . In the p res ent exp eriment , hot 

temperature was c l early shown to reduc e  LWG whi ch is in 

agreement with Vohnout and B ateman ( 19 7 2 ) ,  Kama1 and 

Johnson ( 19 71 ) ,  Shebaita and Kamal ( 19 7 5 ) . The reducti on 

of VFI c aused by heat stres s  was the main c ause for the 

reduction of LWG in the hot room . Assuming the same 

metabo1i zability of digested feed for calves in the hot 

and cool rooms , the VFI were approximately 2 . 3  t imes and 

2 . 9 times their mai ntenance r e qui rements respectivel y 



( App endix 1 7 ) .  As a r esult , the higher VFI a bove 

maintenance requirements by calves in the c oo l  room 

gave them more energy avai l able for LWG . 

Though reduc ed DMI was  shown stati sti c a l l y  to  
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account for the reduced LWG in the hot room in t he p resent 

exp eriment , other rep orts p r ovide the evidenc e that energy 

and nitr ogen retenti ons in c attle were reduced a t  hi gh 

temperatures ( Blaxter and Wainman,  1 9 6 1 ) .  The heat 

product i on of both F and BF calves in the p res ent experiment 

was increased,  but only by a small amount , during exp os ur e  

to a h o t  envi ronment whi ch c aused increases in body 
0 0 ( temp e ra ture of 1 to 1 . 5 C .  Dr . Holmes , unpublished 

data ) . Thi s inc reased heat p roducti on resulted in the loss 

of some energy which would o therwi s e  be used for LWG . This  

might have p a rtially contri buted to the lower LWG in the 

hot room when c ompared to the cool room . 

Reduc tion of nitrogen retenti on in high t emperature 

has been rep o rted,  as indic a ted by the increased excretion 

of nitrogen and/or creatinine in the uri ne ( Vercoe , 1 9 6 9 ; 
Coldit z and Kel l away,  19 72 ) ,  whi ch might reduc e LWG . 

Ni trogen metabolism was not measured in the p resent 

expe riment . 

� ·  The calves fed the Low r ati on had  

signi fi c antly l ower LWG than those fed  the High ration 

in the present exp eriment whi ch substantiated the results 

of Broa dbent et al ( 1 9 76 ) ,  Forbes et  al ( 19 6 9 ) .  The LWG 

in calves fed the High r ati on ( 0 . 8 8  kg/day ) and the Low 

ration ( 0 . 5 3  kg/da y ) in the p resent exp eriment were 

s imilar to  the LWG of the c attle gra z ing improved p astures 

duri ng early growing peri od ( 0 .  9 -1 . 2  kg . day ) and l at.e 

mature p eriod ( 0 . 6  kg/day ) reported by Stobbs ( 1 9 76 ) .  

Higher DMI in calves fed th e High ration than 

those fed the Low ration could not t ot ally a ccount for 

the subsequent higher LWG of the former calves . At the 
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same DMI , the c alves fed the High ration still grew 

signifi cant l y  faster than those fed the Low rati on ( Fi g . l Oa } ,  

indicated the former had a better efficiency of dry matter 

uti li zation { unit DMI to produc e uni t LWG ) . A better 

efficiency of dry matter uti l izati on could be due to  a 

higher met abol i zable energy { ME )  o r  better uti lization of 

ME or both { App endix 19 ) .  In the p res ent exp eriment , a 

higher digesti bility of the High r ation than the Low r a tion 

probably resulted in  a higher ME f rom the former than the 

latter . 

Anothe r  important constituent in the di et whi ch 

might affect LWG was p rotein content . The common method of  

des cribing p rotein re qui rements make use of  the term "%  
p ro tein in the dry ma tter of  the diet " ( Preston and Wi llis , 

19 7 5 ) .  In s te ers , weighing 80- 4 2 0  kg LW and gaining a t  

1 . 0-1 . 3 kg/day , 14% protein i n  dietary dry matter i s  

a de quate at a l l  st ages of growth ( Robertson et a l  19 70 ) .  
The di et conta ining 11% CP in dry matte r reduced growth rates 

in weight range of 80- 2 70 kg LW in steers ( Robertson et al 

19 7 0 , Kay et al 19 6 8 ) .  In view of these findings , the High 

ration woul d p e rmit reali zati on of the potenti a l  growth of 

the c alves as  the pe llets containe d 2 1 , 6% CP in dry 

matter . For the calves fed the Low ration, low p rotein 

content ( 10 . 4% CP dry matter ) eer � would probably be one 

of the factors whi ch contribute t o  the lower LWG tha n  

th ose fed th e High ration . Mor eover , the Hi gh rati on also 

had significantly higher AND than the low r ation whi ch 

woul d result in a higher nitrogen ava ilability p e� uni t 

DMI . 

Breed and Breed x diet inter action . Although 

the stati sti c a l ana l ysis showed that the LWG was 

signi ficant l y  highe r for BF than F calves , it  was solely 

due to the l ar ge superi ority in LWG of B F  calves fed t he 

High ration over F calves fed on b oth diets and the B F  

ca lves fed the Low ration . The B F  and F calves fed the 

Low ration h a d  very similar LWG . Thus, in the p res ent 



exp eriment , it w a s  not evident tha t B F  calves grew faster 

than F calves , but it was c learl y noted that B F  calves 

grew s ignificant l y  faster than F c a lves when fed the High 

rati on . 

There are a number of rep orts whi ch have 

shown that Brahma n- cross cattle up to the age of 2-2 !  
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years have a rate of growth sup eri or to that of Bri t i sh 

breed c attle under trop i c a l  or sub- tropical conditi ons 

( Alexa nder and Chester , 1 9 56 ; Mawson , 19 5 6 ;  Arbuckle ,  1 9 5 8 ; 
Dowling , 1 9 6 0 ; Kennedy and Chirchi r ,  19 7 1 ) ,  but not 

exclus ively fo r high qua lity diets . Some sup er iority of 

crossbreds over p urebred ca ttle may be  exp ected in vie� 

of poss ible heterotic effects . Dammon e t  al ( 19 6 1 ) found 

that the greatest heteros i s  in beef p roducing traits 

occured in cros s e s  i nvolving parent b reeds of wi del y 

divergent sources such as between Brahman and Fri es i an 

cattle in the p r e s ent exp erime nt . However , when ' indigenous ' 

zebus ( e . g . Boran ) were used for crossing with Bri tish 

breeds , Bri tish b reeds had higher V FI and cons e quentl y  

higher LWG than the ' indigenous ' zebu crossb reds 

( Ledge r et al ; 1 9 70 ;  Rogerson � a l ; 19 6 8 ) .  

The higher LWG of BF  than F c alves fed the High 

rati on was mainly due to a greater DMI of BF than F c alves . 

Assuming both BF and F calves fed the High rati on had the 

same meta bol i za b i l ity of digested feed,  BF calves ate 

approximately 3 . 4  times thei r maintenance requi rement 

and F c alves approximately 2 . 7  t imes their ma intenance 

requir ement ( Appendi x 1 8 ) .  The highe r VFI above maintenance 

by BF  c alves result ed in a proporti onally gre ater amount 

of energy available  to produce LWG over that required 

for maintenan c e ,  s ince both BF and F c a lves had simi lar 

energy requi rements for growth and maintenance ( Dr .  

Holmes , unpubli shed data ) .  

Breed x diet x t emperature interactions . The ma j or 

obj ecti ve in the p r es ent trial was to  determine whether B F  

calves c ould grow faster than F calves  in th e hot 
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envi r onment , and when fed the high r oughage di et . B F  

c alves grew faster ( not signi ficantly ) than F calves in 

the hot room , but they also di d s o  in the cool room . Thus , 

the higher LWG o f  BF than F calves was not restri cted to 

hot environments .  Moreover , B F  calves grew faster in 

both temperature s  onl y when fed the High rati on a s  noted 

before . 

4 .  Water Intake 

The water contents of ha y and pellets were 

low ( 14 and 10% resp ectivel y ) . The mean DMI was 3 . 6 4 K g/da y .  

The c alves ordi na ri ly obtained only about 0 . 5 1/da y from 

the ration . Thus ,  th e ca lves in the present experiment 

obtained water mainly as free water . 

Temperatur e . The c orrelation coefficient of the 

DMI and water intake ( -0 . 2 6 )  was negative ( App endix 14 ) .  
Even though the DMI in the hot room was signi ficantly 

lower in the c oo l  room , the water intake was s ignificantly 

higher in the hot room . Thi s might be expected as  much 

more water was requi red in the hot room to comp ens ate for 

the increased losses by evaporati on whi ch probably occured 

at the high temperature . The increase  in water int ak e was 

greatl y  influenced by the s everi ty of thermal stres s . 

Winchester and Mori s ( 19 56 )  estimated a 9 0% increase in 

water intake for an increase in temp erature from 16  to 

32°C ,  with an average of 4 . 19 kg/day of DMI for s teers . 

Thi s  is comp ar able with the results in the present 

experiment . The water intake inc r ea sed by 9 9% at 34 . 5°C 
as  compared with 16 . 9°C ,  with an average DMI of 3 . 09 and 

4 . 1 8 kg/day in the hot and cool rooms resp ectivel y .  

Breed x diet Interacti on . The significantl y high er 

water intake by B F  calves fed the High rati on than other 

treatments was because of thei r hi gher DMI .  When water 

intake was expressed p er uni t DMI , their water intakes were 
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similar  ( Fig . 1 2 ) .  Thi s  might be exp ected as  water intake 
was closely r elated to feed intake through i t s  functi ons in 
the processes of digestion of food ,  elimination of undigested 
resi dues , the excretion o f  waste p roducts and general 
metabolism . 

Temperature x Diet Interacti on . In the temperature 
x di et interaction ,  it w a s  understandable that calves fed 
both the High and the Low rati ons in the hot room had a 
higher  water intake than in  the c ool room . This was again 
due to the requi rements of more  water for evaporative cooling 
of the  body , though there was a lower DMI in the hot room . 
The s i gni ficantly higher w ater int ake with calves f ed the 
High r ati on than the Low ration in the hot room w as mainly 
a refl ection of higher DMI by calves fed the High rati on . 

Breed x temperature interaction . B .  indicus 
were frequentl y reported to have lower water requi rements _ 

than B .  taurus if heat stress was impos ed ( Rogerson et al ; 
1 9 6 8 ;  Horrocks and Phi l l ips , 1 9 6 1 ; Col dit z and Kel l away, 
19 72 ) .  Although this was not significant in the p resent 
experiment , B F  calves had a lower increment o f  water 
intake than F calves ( 5 . 7  and 7 . 0  1 /day/kg DMI respectivel y )  
when heat stress was imposed . With the absence of heat 
stress ,  BF  and F calves had very simi lar water  intake . 
This  is in accordanc e with the results of Rogerson et � 
( 1 9 6 8 ) and Ledger et al  ( 19 70 ) .  
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II . RADIANT HEAT STRESS TRIA L DISCUSSION 

1 .  The Radi ant Heat Envi ronment 

The solar radi ation at the ground for a zenith 
sun measured in the tropical p art of u . s . A .  ranged from 
0 . 3 - 2 . 0  pm ( Bond et al 1 9 6 7 ) .  The radiation wavelengths 
suppli ed by the two typ es of radiant heat lamps  in the 
radiant heat room closel y res embled the s e  actual solar 
radiation ( 0 . 3 - 2 . 0  pm ) ,  i f  the manufacturers information 
is accurate . 

The potenti al shortwave radiant heat load near 
Nairobi , Kenya ranged from 0 w/m2 at 0 700 h to 1 200 w/m2 

at 1 300 h ( Finch , 1 9 7 2 ) . The radiant heat load in the 
p r es ent trial was 9 52 w/m2 at 0 . 5 m and 1146 w/m2 at 
1 . 6  m from the floo r . Thes e radiant heat fluxes would 
resemble  the sola r radiant heat load near Nai robi , Kenya 
at mi dday .  

The black globe temperatures under radi ant heat 
were about 44- 50°C in the present exp er iment . These black 
globe temperatures c losely resembled the globe thermometer 
t emperatures in the field measured by Murray ( 19 6 6 ) in 
Australia . 

Under these r a diant heat envi ronments , the 
calculated net radiant heat gain by the calf was 4 5 3 watts/ 
animal . This was much higher than the n et radiant heat gain 
measured by Finch ( 19 76 ) nea r  Nairobi between 0 9 00 and 
1 500 h for steer , whi ch was 1 7 5  w/anima l . 

2 ,  Respiration rate and rectal t emperature . 

The rate of absorption of heat from the environment 
p lus the rate of heat  producti on by metabolism must e qual 
the rate at which heat is dissipated from the body in 
order for an animal to maintain a constant body temperature . 
The increase in rectal temperature when the calves were 



exposed to radiant heat load indicat ed that there was a 
p ositive storage of h eat b y  the calves . The increased 
r espirati on rate represented an attempt to  increase heat 
dissipati on by the calves during exposure to th e radi ant 
heat stress ; however , since body temperature increased 
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in  all calves any inc reases i n  the rates o f  heat dissipation 
were not as  large as the rate o f  heat gai n .  

Using the two p airs o f  B F  and F c alves sub j ecting 
to the radi ant heat at the s ame time , the increment in the 
r e ctal temperature was  higher in F than B F  calves . This 
might indic ate that F calves were under a higher degree 
of stress when sub j ecting to the  same radiant heat load 
o r  able to increase evapor ative losses to a smaller 
extent than the B F  calves . 

3 .  Dry Matter Intake . 

The effects of radiant heat load on the DMI of 
c attle are l ikely to be important in the tropics . 
Unfortuna tel y, the data avai lable is limite d .  There  was 
no si gni ficant decrease in DMI when the calves were 
exposed to 8h/day  radiant heat stress in  th e p resent 
exp eriment . Johnston et al ( 19 5 7 )  compared the DMI 
of lactating Holstein cows in op en barn and expos ed to 
Louisiana Summer sun . There was also no significant 
difference in the DMI of the two groups . Brody � � 
( 19 54 )  studi ed the effect of radiant heat stress on the 
f e ed intake of lactating Holstein and Jersey and non­
l actating Brahman cattle and f ound that when the animals 
were exposed to maximum of 568  w/m2 of radiant heat load 
while the ambient temperature was 2 1 . 1  to  2 6 . 9°C ,  the 
TDN intake of the Hol steins declined more  than that of 
the Jerseys and that the intake of the Brahmans was 
unaffected . 

One of the interests in th e present radiant 
heat stress trial was to assess the relevance of t he Main 
experiment to the natural trop ical conditi ons s imulated by 
the radiant heat room . The addition of the radiant heat 
load to the high air t emp erature in th e Radiant Heat Stress 
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Tria l  did not significantly reduce dry matte r  or increase 
wate r  intake . This showed that the effects of the high air 
t emperature represented by the hot room in the Main Trial 
would probably resemble  the effects of hot environmental 
condi tions in the tropics . Thus , the findings of the Main 
Tria l  are p robably relevant to the fi eld condit ions in the 
trop ics . Moreover , the results in the radi ant heat stress 
tria l showed a smaller increase in body temperature in BF 
than in F calves duri ng exposure to the simulated sunshine , 
but there was no differ ence in DMI between both breeds fed 
the high roughage di et ( Fig . 16 ) .  This  confirmed the 
findings in th e Main exp eriment that BF and F calves 
ha d very similar DMI when fed the Low r ation ( high roughage 
di et ) ,  although the inc r ement in the body temperature  of 
the F calves was higher than BF calves wh en subj ected to 
the s ame heat stress . This also raises the question about 
the suitability of body temp erature as an indicator of 
heat stress as discussed  before . 

4 .  Water Int ak e . 

Water intake per unit DMI has been shown to 
inc rease under radiant h eat stress ( Garrett et al 1 9 6 0 ; 
Macfarlane and Stevens , 19 72 ; Brody et al 1 9 54 ) .  
Presumbaly, thi s was due to the animals utilizing 
inc r easing amounts of water for evaporative cooling 
purp oses when subj ected to the radiant heat stress . In the 
p res ent experiment , there was no s ignific ant di fference 
in w ater intake when the calves were exposed to 8h/day 
radi ant heat stress . This  is in contrast to the above 
findings . The re was no apparent explanation . 

Peri od . 

Although this tri a l  w as carried out i n  two periods , 
with slightly high er black-globe and air  'temperatures in 
Per i od 1 than Peri od 2 ,  there was no si gnificant di fferences 
between the two periods in DMI and water intakes . There 
was also no si gnificant period x treatment interaction . 
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Figure 1 6  • . Rad i ant H e at s t r e s s  T ri al - -Dry m at t e r  i nt ak. e , re c t al t empe rature .. 
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CHAPTER 5 .  

I .  MAI N TRI A L .  

1 7 1  

1 .  Temperature . The c alves in the hot room { 34 . 5°C ,  
4 5% RH ) ,  had a signific antly lower dry matter and di gestible 
energy intakes aud subse quently ha d a lower li vewei ght gain 
than those i n  the cool room { 16 . 9 °C ,  86% RH ) . High a i r  
t emp erature w a s  one of t he main  reasons for low liveweight 
gain in the hot room in the p resent experiment and p robabl y 
it i s  one of the  main limitations  to high beef producti on 
in the tropics . 

In the hot room, there were 
slight but significant increases in dry matter and energy 
digestibiliti es , but not app arent nitrogen digestibi li t y .  

Even though t h e  dry matter intake 
in the hot room was signi fic antly lower than the cool room , 
the water intake was signific antly higher in the hot room. 
Thi s finding stresses the importance  of water availability 
to the cattl e in hot conditions . 

2 .  Di et . The calves fed on the High ration 
{ 1ow roughage di et ) ate s ignificantly more dry matter and 
digestible energy than thos e fed the Low ration { hi gh 
r oughage di e t ) . The High rati on was more digestible { dry 
matter , energy and nitrogen ) than the Low ration . Subs equently,  
the  c alves fed on  the Hi gh ration had significantly higher 
liveweight gain than those fed the Low rati on . In the 
tropi cs , most  of the beef is produced on Low ration type 
diets , and this is probably one of the limitations to high 
beef producti on attained in some o f  the agriculturally 
advanced countries . 

3 .  Breed . There was no significant difference 
between BF  ( Brahman x Fri esian ) and F ( Friesian ) calves in 
voluntary fee d  intak e ,  di gestibility,  liveweight gain and 
water intak e . 
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4 .  Breed x diet interaction . B F  c alves ate significantly 
more and grew faster than F calves when fed the High r ation . 
BF  calves ate and gained the s ame amounts as F calves when 
fed the Low rati on . Thus , i t  is  probably advantageous i n  
terms o f  l iveweight gain in rearing B F  breed i f  l ow 
roughage diets are  fed . 

The water intake by B F  calves fed th e High ration was 
signific antly hi ghe r than other treatments and this  was 
because of their hi gher dry matter intake . 

S .  Breed x temperature interaction . The higher dry 
matter and digesti ble energy intak es , and liveweight gain 
of BF tha n  F calves in the hot room was due solely to the 
higher intakes and liveweight gain of BF calves on the High 
rati on ; on the Low ration,  calves of both breeds had ver y  
similar intakes and liveweight gain . Thus , B F  breed i s  
not likely to b e  better i n  terms o f  l iveweight gain than 
F breed in hot envi ronments unless low roughage di ets are 
fed , Sin c e  in the trop ics where cattle feeds are  mostl y 
of high r oughage t yp es ,  Fri es i ans might be exp ected to 
grow as  fast as Brahman x Fri esian crossbred in view of 
the present results . 

How ever , this  does not lead us to the c onclusion 
that Friesians are as sutiable as Brahman x Fri es i an crossbred 
for beef producti on in the tropics . This is b ecause � 
all factors affecting beef p r oducti on in tropical conditions 
( e . g . r es i stance and tolerance to diseases , insects , 
par asites ; reproduction , etc . ) were studied in the 
pres ent experiment . 

6 .  Temperature x diet inte raction . The c alves fed on 
the High rati on had higher voluntar y  feed int akes and liveweight 
gain than those fed on the Low ration,  and these di fferences 
were similar in both the hot and cool rooms . In view of 
these ,  it seems that the advantages of the Low roughage· 
diet , is not accentuated in the hot envi ronment in  terms 
of liveweight gain . 
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The calves fed the High ration had a significantly 

higher water intake than those fed the Low rat i on in th e hot 
r oom . This was mainly a reflecti on of the higher dry matter 
intak e by calve� fed the High rati on . 

Two main factors which affected water intake in the 
p resent experiment were the temperature and dry matter i ntake . 
High water intake was associated with either high temp erature 
or hi gh dry matter intake or both . 

7 .  Breed x diet x temperature . On the High ration , the 
a dvantage to the B F  calves was consi derably greater in the 
h ot room than i n  the cool room for both voluntary feed intake 
and liveweight gain . On the Low rati on , BF  and F calves 
had ver y  similar  voluntar y  feed i ntake and liveweight gain 
in both the hot and cool rooms as menti oned before . The 
implications of these in the tropics  have been di scussed in 
Secti on I .  5 .  

In the Radiant heat Stress tri a l ,  radiant heat load was 
added to high air  temperature ( 30 . 0 - 3 3 . 1°C )  for 8h/day to 
s imulate direct sunshine in a hot envi ronment in the tropics . 
When fed  on a high roughage di et , there was no signi ficant 
reduction in dry matter intake or increase in water intake 
when the calves were exposed to 11 sunshine 11 •  High ai r 
t emp erature was sufficient to represent tropical  condi ti ons 
and i ndicated the relevanc e  of the findings in the Mai n  Trial 
t o  the  trop ical conditions . 

I n  both the Main Tri a l  and Radiant heat Stress trial ,  
the  r ectal temp er ature as h eat stress indicator did not 
correlate well with the dry matter i ntake and l iveweight 
gain of BF and F calves under heat stress . Thi s  c astes 
doubts on the s uitability of using rectal temperature as 
the i ndicator for heat stress and subsequently for the 
predi cti on of l iveweight gain . 



APPENDI X  1 

THE TEST OF S I GNIFICANCE OF REGRESS IONS 

Var iables Pw Vpw Ew Vew F = Vpw S ignif-
Vew icanc e 

Dry ma t ter intake and 0 . 888  0 . 88 8  0 . 48 6  0 . 069 1 2 . 80 1  'X* 
o r iginal l iveweigh t  

D i ge s t ible  energy intake 1 0 . 94 6  20 . 94 6  1 1 . 7 1 2  1 . 6 7 3  6 . 54 2  * 
and o rigina l  l iveweigh t 

Dry ma t ter d iges tib il i ty 
1 7 . 8 3  1 7 . 8 3  5 2 . 4 5  7 . 4 9  2 . 38 NS and dry ma t ter in take 

Liveweight gain and 
0 . 0292  0 . 02 9 2  0 . 1 2 94 0 . 0 1 8 5  1 . 57 8  NS o r iginal l iv eweight 

Wa ter inta ke and 2 .  248 2 .  24 8 3 . 44 8  0 .  4 9 2 6 4 . 5 64 NS o r iginal l iveweigh t 

Wa ter intake and dry 
2 . 6 1 9  2 . 6 1 0  3 . 08 6  0 . 44 1  5 . 9 1 8 * 

ma t ter intake 

The me thod used fol lowed the me thod used by  Ray ( 1 960) . 

Pw = Predic ted sum o f  squares , based on the within- sampl e  sums 
o f  squares and produc t s . 

( Wxy) 2 Pw where Wxy Wx 
Hx 

Vpw Predic ted var iance 

Pw 
1 

1 ( E \ Ex · y ·  8 \. 1 1 

i (Ex · 2 
8 1 

_ Exi LYi J 2 

- a:�i ) 2 ) 

Ew W i th in-sample sums o f  squares  o f  error of  e s t ima t e :  

Wy (Wxy) 2 
whe r e  Wx 

Vew 
Ew 
N-C- 1 

* P < O . O S 
** P<0 . 0 1 

where N = to tal number o f  o b s erva t ions ( 1 6 )  
C = number o f  samples ( 8 )  

Vew = error var ianc e 
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APP ENDIX 2 

ANALYSIS OF COVARIANCE : DRY MATT ER INTAKE ADJUSTED 
FO R O RIGINAL LIVEWEIGHT 

Errors of Estimates 
Sum of Degree of Mean square MS Squares freedom MS F = 

Signific ance 
of F test 

ss DF SS/DF M Se v1 1 v2 = 7 = 

Bree d  ( B ) 0 . 1 2 2  1 0 . 122  1 .  7 5 8  
Tempe r ature ( T ) 5 . 6 7 7  1 5 . 6 7 7  8 1 . 8 0 1  
Diet ( D )  0 . 7 2 1  1 0 . 7 2 1  10 . 3 8 9  
B X T 0 . 3 2 1  1 0 . 3 2 1  4 . 6 18 
B X D 0 . 95 3 1 0 .  95  3 1 3 . 7 3 2  
D X T 0 . 10 8  1 0 . 108 1 .  5 5 6  
B X D X T 0 . 095  1 0 , 095  1 .  3 7 5  
E rror ( e )  0 .  48 6 '7 0 , 06 9  I 

�<- P < O . 05 
�H(- P <O .  01 
NS Not significant 
Me an x ( o riginal LW) = 1 00 , 98 kg ± 2 . 1 2  
Me an y (DMI ) = 3 . 6 4 kg/day ± 0 . 21 ( S . E .  After regression ) 
Regression co efficient = 0 . 0 3 
Co rrelation coefficient = 0 . 311  

NS 
��-�� 
�� 

NS 
�r-)r 

NS 
NS 



APPENDIX 3 

SUM OF SQUARES SIMULTANEOUS TEST PROCEDURE FOR 

DRY MATTER INTAKE (KG/DAY ) IN BREED x DIET TREATMENT 

Breed x d i e t Sum of  Squares  Cri t ical SS=Fa ( l ,  7 )  (a- 1 )  (MSe ) trea tment 
( S S )  

l .  F 

BF  

F 

2 . BF 

BF 

F 

F 

f ed High ra t ion  

f ed Low ra t io n ,  and 0 . 1 22 

f ed Low ra t io n  

fed High ra tion vs  

f ed Low ra t io n ,  
1 . 208 

f ed High ra t io n ,  

f ed Low ra t io n  

(a- 1 )  Degree of  freedom where a 

Mse Mean square of error . 

F = F ra t io , v 1 = 1 ,  v 2 = 7 .  a ( l ,  7 )  

No t s ignif icant 

** P< 0 . 01 

number of  r epl ica tes  in the 
trea trnent . 



APP E NDIX 4 

ANALYSIS OF CO VARIANCE : DIGESTIBLE ENERGY INT AKE (MCal/d� 

ADJUSTED FOR O RIGINAL LIVEWEIGHT (kg) 

Comppnent s 

Breed ( B ) 
Diet ( D )  
Temperature ( T ) 
B X T 
B X D 
D X T 
B X D X T 
Error ( e )  

�H� P<:O . 01 

Sum of 
Squares 

ss 

1 .  46 
41 . 8 2 
3 3 . 1 8 

2 . 14 
8 . 49 
3 .  47 
1 .  51  

1 1 . 7 1 

NS = not signifi c ant 

Errors o f  Est imates  
Degree of Me an squ are 

freedom MS 
DF SS/DF 

1 1 .  46 
1 41 . 8 2 
1 3 3 . 18 
1 2 . 1 4 
1 8 . 49 
1 3 .  47 
1 1 .  5 1  
7 1 .  67  

Mean x ( original LW) = 100 . 98 kg + 2 . 12 

F MS 
MSe 

0 . 8 7  
25 . 00 
19 . 8 3 

1 .  2 8  
5 . 08 
2 . 0 8  
0 . 90  

Mean Y ( DE I )  = 10 . 42 MC al ± 0 . 7 1 ( S . E .  After regression ) 
Regression coeffic ient = 0 . 55 
Correl atlon coefficient = 0 . 38 

Significance 
of F test 

v1 = 1 ,  

NS 
�*"�� 
7��� 

NS 
NS 
NS 
NS 

V = 
2 7 
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ANALYSIS OF VARIANCE : DRY MATTER DIGESTIBILITY (% )  

Sum of  Degree o f  
Components squares f reedom 

(SS )  DF 

To tal 6 2 2 . 558 1 5  

Breed ( B )  1 . 1 03 1 

Diet  (D)  4 8 1 . 803 1 

Temperature (T )  48 . 303 1 

B X T 6 . 003 1 

B X D 0 . 4 2 3  1 

D X T 1 1 . 2 23  1 

B X D X T 3 . 44 3  1 

Poo l ed s ta ndard error 2 . 96 

Mean squa r e  
MS 

S S /DF 

1 . 1 03 

4 8 1 . 803 

4 8 . 303 

6 . 003 

0 . 4 2 3  

1 1 . 22 3  

0 . 39 

S tandard error p er animal 0 . 1 9  

MS 
S ignif icance 

F MSe F t e s t  V1 
vz 

0 .  1 30  NS  

54 . 84 * *  P<0 . 01 

5 . 50 * P<0 . 05 

0 . 68 NS 

0.  05 NS 

1 .  28 NS 

0 . 39 NS  

o f  
1 '  
8 .  
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ANALYS I S  OF VARIANCE : GROSS ENERGY DIGESTIBILITY (% )  

Sum of Degree of Mean s quare MS S ignif icance 
Components squares f reedom ss DF 

To tal  84 2 . 8 0 1 5  

Breed ( B )  4 . 63 1 

Die t ( D )  6 5 7 . 93 1 

Tempera ture (T)  7 9 . 2 1  1 

B X T 1 0 . 89 1 

B X D 0 .  7 1  1 

D X T 0 . 36 1 

B X D X T 0 . 25 1 

Error 8 8 . 8 2 8 

Poo l ed s tandard error 3 . 33 

MS 
S S / DF 

4 . 63 

657 . 93 

7 9 . 2 1 

1 0 . 8 9  

0 . 7 1  

0 . 3 6 

0 . 25 

1 1 . 1 0 

S tandard error per animal 0 . 2 1  

F 
MSe F t e s t  v 1 

V 

0 . 4 2  NS 

5 9 . 27 * *  P<0 . 01 

7 . 13 * P < 0 . 05 

0 . 98 NS 

0 . 06 NS 

0 . 03 NS 

0 . 02 NS 

of 
1 
8 
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ANALYSIS  OF VARIANCE : APPARENT NITROGEN DIGESTIBILITY ( % )  

Components 
Sum of  Degree o f  Mean square 
square s  f reedom MS ss DF S S / DF 

To tal  224 7 . 3 5 1 5  

Breed ( B )  6 . 8 9 1 6 . 89 

Die t (D)  208 1 . 64 1 208 1 . 64 

Tempera ture ( T )  3 2 . 7 7 1 

B X T 4 . 7 3 1 

B X D 4 . 7 3 

D X T 3 . 5 2 1 

B X D X T 1 7 . 02 l 

Error  ( e )  9 6 . 05 8 

Poo l ed s tandard error 3 . 4 7  

3 2 . 7 7 

4 .  7 3  

4 . 7 3 

3 . 52 

1 7 . 02 

1 2 . 006 

S tandard error per animal 0 . 2 2 

MS S ignif icance o f  
F 

MSe F t e s t  v 1 1 '  
V = 8 .  

0 . 57 NS  

1 7 3 . 33 * *  P<0 . 0 1 

2 . 7 3 NS 

0 . 3 9 NS  

0 . 39 NS 

0 . 29 NS 

1 . 4 2  NS  
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ANALY S I S  OF VARIANCE : L IVEWEIGHT 

Sum o f  Degree o f  Mean s quar e 
Compo nents s quar es f r e edom MS ss D F  S S / DF 

To tal 1 .  6 6 1  1 5  
B r e ed ( B )  0 . 1 68 1 0 . 1 68 

Die t ( D) 0 . 5 04 1 0 . 504 

Tempe r a ture ( T )  0 . 664 1 0 .  664 

B X T 

B X D 

D X T 

B X D 

Error 

0 . 020 1 

0 . 1 3  1 

0 . 00 6  1 

X T 0 . 00 7  1 

( e ) 0 . 1 58 5  8 

Poo l ed s ta ndard error 0 . 1 4  

0 . 0 2 0  

0 . 1 3 

0 . 006 

0 . 007 

0 . 0 1 98 

S tandard error per an imal 0 . 009 

F 

GAIN ( kg/ day) 

MS 
= -

MS e 

8 . 4 95 

2 5 . 4 6 5  

3 3 . 5 5 1  

0 . 98 5  

6 .  7 2 2  

0 . 3 1 8  

0 . 3 69 

0 . 0 1 98 

S ignificanc e 
F t e s t  v 1  

V 

* P < 0 . 05 
* *  

) P< 0 . 0 1 
* *  

N S  
* P < 0 . 05 

N S  

N S  

o f  
1 '  

= 8 .  
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SUM OF SQUARES SIMULTANEOUS TEST PROCEDURE FOR L IVEWEIGHT GAIN 

(KG/DAY ) IN BREED x DIET TREATMENT 

Breed x die t trea tmen t Sum of  Squares Cri t ical SS=Fa ( 1 , S ) (a- 1 ) (MSe ) 

1 .  

2 .  

3 .  

BF f ed Low ra tion vs  

F f ed Low ra t ion  0 . 00 1  

B F  f ed High ration vs  

F f ed High ra t ion 0 . 300 

F f ed High ration vs 

BF f ed Low ra tion and 0 . 069 

F f ed Low ra tion 

( a- 1 )  Degree o f  freedom where a 

MSe Mean square o f  error 

F a ( 1 , 8 )  = F ra t io , v 1 1 ' v z 8 .  

NS 

* *  P<0 . 0 1  

NS 

number of repl ica tes  in the 
trea tment 



Pw 

APP E ND IX 10 

THE TEST OF SIGNIFICANCE BETWEEN T HE REGRESSION OF L IVEWEIC� 

GAIN (KG/DAY) AND DRY MATTER INTAKE (KG/DAY ) 

Vpw Ew Vew · F = Vpw 
Vew 

Significance 

0 . 1157  0 . 1 1 5 7  0 . 042 9 0 . 00 6 1 3  18 . 8 7 4  ** P <0 . 01 

The abbreviations used are the s ame as in Appendix 1 .  
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LIVEWEIGHT GAIN (KG/DAY) ADJUSTED FO R DRY MATTER 
I NTAKE (KG/DAY) 

E r rors of Sum of 
Estimates squares 

Component s ss 

Breed ( B ) 0 . 0007 
Temper atu re ( T )  0 . 007 3 
Diet ( D )  0 . 111 9 
B X T 0 . 001 
B X D 0 
D X T 0 . 007 
B X D X T 0 
E rror ( e )  0 . 042 9  

NS Not signific ant 
-:H� P < O . 01 

D egree of 
f reedom 

DF 

1 
1 
1 
1 
1 
1 

1 
7 

Me an x ( DMI ) = 3 . 6 4 kg/day + 2 . 1 

Mean squ are 
MS F = MS 

SS/DF MSe 

0 . 0007 0 . 115  
0 . 007 3 1 . 1 97 
0 . 1119  18 . 3 4 
0 . 001  0 . 1 6 4  

0 0 
0 . 007 1 . 1 48 

0 0 
0 . 006 1 

Me an y ( LWG )  = 0 . 7 0 kg/day ± 0 . 30 ( S . E .  after  regression ) 
Regression coeffic ient = 0 . 3 7 5  
Correlat ion coefficient = 0 . 9 40 

Signifi c ance of 
F test v1 = 1 ,  

v2 ;; 7 .  

NS 
NS 
�*"�� 

NS 
NS 
NS 
NS 
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ANALYS I S  OF VARIANCE : WATER INTAKE ( GALLONS / DAY ) 

Sum o f  Degree o f  Mean square 
Components squares  freedom 

s s  DF 

To tal  65 . 4 65 1 5  

Breed ( B )  0 . 5 1 2  1 

Tempera ture  (T )  4 3 . 62 6  1 

D i e t  (D)  2 . 4 9 7  1 

B X T 0 . 504 1 

B X D 4 . 305 1 

D X T 5 .  08 5 1 

B c D c T 2 . 808 1 

Error ( e )  6 . 1 28 8 

Poo l ed s tandard error 0 . 8 7 5  

MS 
S S / DF 

0 . 5 1 2  

4 3 . 6 2 6  

2 . 4 9 7  

0 .  504 

4 . 30 5  

5 .  08 5 

2 . 808 

0 .  7 66 

S tandard error per animal = 0 . 05 5  

MS 
S ignif icanc e o f  

F = - F t e s t v 1 1 .  MSe V 8 .  

0 . 668 NS  

5 6 . 953  * *  P<O . O l  

3 . 260 NS 

0 . 658  N S  

5 . 620 : ] P< 0 . 05 6 . 638  

3 . 666 NS  
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SUM OF SQUARES SIMULTANEOUS TEST PROCEDURE FOR 

WATER INTAKE (GALLONS/ DAY) 

Componen t s  s s  Cri tical s s  Fa ( 1 , 8 ) (a- 1 ) (MSerror ) 

( a )  

( b )  

Breed x d i e t  trea tmen t 

1 .  F f ed High r a t io n ,  

F f ed Low ra t io n ,  0 . 95 

B F  f ed Low ra tion 

2 .  BF  fed  High ra t ion vs  

F f ed High ra tion , 

BF  f ed Low r a t i o n ,  6 . 3 5  

F f ed Low ra t io n .  

Temp era ture x d i e t  t r ea tment 

1 .  H igh rat ion in ho t 
t empera ture  v s  

7 . 3 5 Low ra t ion in ho t 
t empera ture 

2 .  H igh ration v s  Low 
r a t ion in cool 0 . 2 28 
t empera ture 

3 .  Low ration in ho t 
room vs  Low ra t ion 14 . 648 
i n  cool room 

** P<0 . 0 1 * P<0 . 05 

( a- 1 )  Degre e  o f  freedom where a 

Fc( 1 ,  8 )  F ra t io ,  v 1 1 ,  v2 8 .  

NS 

* 

* 

NS 

** 

number o f  r epl ica t e s  in 
t he treatment .  
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.. 

A NALYSIS OF COVARIANCE : WATER I NTAKE (GALLO NS/DAY) 

ADJUSTED FO R DRY MATT ER INTAKE (KG/DAY) 

Errors  o f  
E stimat e s  

Components 

Brel:d ( B ) 

Diet ( D )  

Tempe rature ( T ) 
B X T 

B x D 

D X T 

B X D X T 

E rro r ( e )  

�:- P<!O . 0 5  
�{--��- p <0 . 0 l 

Sum o f  
square s 

ss 

o . s o 
0 . 0 4 

20 . 6 3 

0 . 0 3 6  

0 . 0 8 

5 . 02 

1 .  9 3  

3 . 0 9 

NS Not significant 

Degree o f  
f reedom 

DF 

1 

1 

1 

1 

1 

l 

1 

7 

Me an x ( DM I ) = 3 . 6 4  kg/day + 0 . 21 

Me an square 
MS F = MS 

SS/DF MSe 

o . so 1 . 14 

0 . 04 0 . 0 9 

2 0 . 6 3 46 . 8 9 

0 . 0 3 6  0 . 08 

0 . 0 8 0 . 18 

5 . 02 11 . 41 

1 .  9 3  4 . 3 9  

0 . 44 

Signif icance of 
F test v1 

= 1 ,  

NS 

NS 
���� 

NS 

NS 

�� 

NS 

Me an Y ( wate r  int ake ) = 4 . 96 gallons/day + 0 . 5 2 2  ( S . E after 
regre ssion ) 

Regression co efficient = - 2 . 98  

Correlation c oefficient = -0 . 2 6 



• 

Appendix 15 Analysis  of  Variance 

Source of Sum of 
Vari ance Squares ss 

Total 3 . 67  

T reatment 0 . 21 

Period o : 2 1 

P eriod x T re atment 0 . 0085  

E rror ( e )  3 . 2 4  

DRY MATTER INT AKE (kg/day) in Radiation T ri al 

Degree of Mean squ are Mean Square 
F reedom MS = SS/DF ratio MS/MSe 

DF 

11 

1 0 . 2 1 0 . 5 2 

1 0 . 2 1 0 . 5 2 

1 0 . 00 8 5  0 . 021  

8 0 . 40 5 

-----

F V = 1 V = 8 1 2 

NS 

NS 

NS I 



Appendix 16 Analysis  of Variance 

Source of  Sum of  
Vari ance Squares ss 

Total 5 5 5 - 3 3  

T re atment 9 . 92 

Period 1 . 6 5 

P eriod x T reatment 9 . 6 0  

E rror ( e ) 5 3 4 . 16 

Water Intake (1/day) in Radiation T rial 

Degree of 
Freedom Me an square Mean Squ are 

DF MS = SS/DF ratio MS/MSe 

11 

1 9 . 92 0 . 15 

1 1 .  6 5  0 . 0 3 

1 9 . 60 0 . 1 4 

8 6 6 . 7 7 

F V = V = 8 1 2 

NS 

NS 

NS 



Appendix 1 7 . Estim at ion of Level of Feeding in relation 

to Maintenan ce requirement in the Hot and 

Cool rooms 

Energy requirement f o r  maintenance = 0 . 43 MJ ME/kg0 · 7 5/day 

( D r . Holme s ,  unpublished 
dat a) . 

GE  of feed = 18 . 0 4 MJ/kg DM 

% digestible in Hot Room = 6 8 . 6  
1 1  1 1  1 1  Coo l  Room = 6 4 . 1 

Assume that ME = DE x 0 . 8 2  

Average DMI in Hot ro om = 3 . 0 9 kg/day DM 
1 1  1 1  1 1  Coo l 1 1  = 4 . 18  1 1  DM 

Average metabolic weight of c alves 1n Hot room 
1 1  1 1  1 1  1 1  1 1  1 1  Cool 1 1  

M aintenance requirement for c alves in Hot room 

11  1 1  1 1  

ME intake by c alves in Hot 

1 1  

room 

= 

1 1  Cool 1 1  

18 . 0 4 X 68 . 6% 

31 . 3 6 MJ/day 

= 3 2 . 3 8  kg0 ·
7 5  

= 31 . 3 6 kg 0 • 7 5  

= 3 2 . 3 8  X 0 . 43 

= 1 3 . 9 MJ ME/day 

= 31 . 3 6 X 0 . 4 3 

= 13 . 5  MJ ME/day 

X 8 2% X 3 . 0 9  

ME  intake by calves  in Cool room = 1 8  • 0 4  X 6 4 . 1% X 82% X 4 . 1 8 

= 3 9 . 6 4  MJ/day 

E stimated level of intake by calves  1n Hot room = 31 . 36 

1 ,3.9 

= 2 .  3 times 

maint enance 

E stimated level of intake by calves in cool room = 39. 64 

13 . 5  

= 2 .  9 t imes 

maintenan ce 



Appendix 1 8  Estima tion of the Level of Feed Int ake for  

BF and F calve s  fed the High ration in rel atio n  

to Maintenance required . 

Ene rgy requirement fo r maintenance = 0 . 43 MJ ME/kg0 • 7 5/day 

( D r .  Ho 1mes ,  unpublished 

data)  

GE  o f  feed = 18 . 0 4 MJ/kg 

% digestible by BF c alves fed High ration = 7 3 . 01 

Assume that ME 

F 11 11 1 1  1 1  = 7 2 .  4 

DE X 0 . 8 2 

Average DMI by BF c alves fed High ratio n 4 . 5 0 kg/day 
11 1 1  1 1  F 1 1  1 1  1 1  1 1  3 . 2 5 1 1  

Average met,abo lic weight of BF fed High ration = 3 3 . 42 kgo . 7 s 

1 1  1 1  1 1  1 1  F 1 1  1 1  1 1  = 3 0 . 5 7  k 
0 . 7 5 

g _ 

Mainten ance  requirement of BF fed High r ation = 3 3 . 42 X 0 . 43 

= 1 4 . 3 7 MJ ME /day 
1 1  1 1  1 1  F 1 1  1 1  1 1  3 0 . 5 /' X 0 . 43 

= 1 3 . 15 MJ ME/day 

ME intake by BF fed High ratio n = 18 . 0 4 X 7 3 . 0 3% X 8 2% X 4 . 50 

= 48 . 5 9 MJ/day 
1 1  1 1  1 1  F 1 1  1 1  1 1  18 . 0 4 X 7 2 . 4% X 8 2% X 3 . 2 5 

= 3 4 . 8 1  MJ/day 

E stimated 1evel of DMI by BF fed  High ration = 48 . 59 = 3 . 4  times 

1 4 . 37  

Estimated 1evel of  DMI by F fed High ration = 34. 8 1  

1 3 . 15 

= 2 . 7  times 

maintenanc 

mainten.anc e  



Appendix 1 9  Explanation f o r  the Higher Liveweight gain (LWG)  

in  c alves fed  the High r ation than the Low ration 

D ry Matter  intake (kg/day) High ration < 
L iveweight gain ( kg/day ) ( 4 . 6 9 )  

T hi s  could be due to : 

Low ration 

( 6 . 91 )  

( i ) Met abo liz able en ergy availability f rom unit DMI 

a )  Gross energy digestibility :  H igh ration > Low ration 

(present experiment ) ( 7 2 . 7% )  ( 5 9 . 9% )  

� 

Digestible Energy Intake (MJ/day ) 

(present experiment ) 

High ration'>Low Rat iorJ 

( 50 . 41 )  

b )  Assume th at �lE = DE  x 0 .  8 2  fo r both High and Low 

rations 

( 3 6 . 7 9 ) 

E stimated ME availability ( MJ/day )  High ration > Low 

Ratio n 

( ii )  Utilization o f  unit ME in LWG 

ME (MJ/day) : High ratio n 

LWG ( kg/day ) 

> 

( 41 . 3 ) 

Low ration ? 

This was not me asured in the p re sent experimen1j . 

( 30 . 2 )  
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