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. 
WBANING or MALI HOLSTIIN' CALVIS AP!BR PUDING MI~ 
RBPLAClR rOR 3 OR S wu~s WI'l'H nlrrDBNT TYPES OP 

COMMJ!llCIAL GRAIN MIXTUDS, 

Studie. were CQftduoted ln thr •• triala "'to )Setermine 
., .. Ct' ~ .. ./' o? 

'the .ffect, of lilfti ting uae' o~ -Iftil~ replacer (L 0'-;7 kg/clay) 

o ta 3 ~ 5 w.ak,peri~f and lim1t~ qUafttiti •• (~l:. k9/day) 
~/ of diff.rent type. of ;rain ~ixtu~ea (v.tYif' coat.), on~ 

growth of week'7oid male lIo}..tei~ c.1".. ra~l.ed over _ l2-week 

, 

. . 
p.riod for ua. in b •• f froduotion. 

_ 0 

In the firai(t~ ~lal., c.~v.~ fed milk repla~er 

(MR)'fO~we~. and the eheaper g~.in mixtu~elilk-Maker) 

had the 'b •• t overall growth and economio perfo nee. \ In 
\ ~ 

-the third trial, how.ver, calvel fed milk replaoer for 3 

weeka land ~e mol'. co.tly 9~ain mixture (Calf Starter) ,ave 

the be.t overàll perfor~nce. '. D \ ~ ~ , 

T~ere!Orr' dair~ bee! calvel .. y ~ rai.ed luce ••• ·, 

fully and eCOnomically by fee41ngl (1) KR for a longer perlod 

(5 we,ek.) with a chuper grain ,mixture, or (,2) by fee4ing 

, MR for a ah-orter period (3 w.et.) vith a ll\Or. expen.ive grain' 
\ 

mixture. 
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SBValGB DB VEAUX MALES HOLS~BIN AyANt EtB NOURRIS 
PENDANT lAS SlMAINBS DI SUBSTITUTS DE LAIT IT 

DI DIFF,RiNTS TYPIS DI MILANaiS DI GRAINS COMMERCIAUX 

'l, ' 
Troi •• xp'ri.nce& furent conduite. afin de 

1 • 
deter.min.~ l'effet ltmitl de substituts de lait (LO.? 

1 

kq/jour ~endant 3 a 5 ,.emain.s) et de quantit's limit'e. . ) , 
de m'lang •• de graina de coGt. varil~ (~1.4 )q/jour) 

! 
sur la crois.ance. de la deuxi~e a la douliame semaine 

--- f • 

~inclu.ivement, de veaux mile. Hol.tein 'l.vas pour 1~ 

boucherie~ 

Dans le. 2' [prui'res explriene •• , le. veaux 

nourris de substituts de lait pendant 5 samaines'et du . 
mll~n~e de grains le plu. Iconomique (Milk-Maker)ont pri-

e ~ - , -

senti la meilleure croj'~ance 91n'rale et la meilieure 

performarlce Iconomique. 'nans la ~oi.i~ exp'rienee, le. 
4 • 
,. a • 

veaux nourris de .ubstitut. de lait p.~dant 3 semaines-et 
, \ 

du ~lang. de grains.le plu. coGteux (Calf Starter) ont 

, donnl la meilleure performance g'nlra~e. . , . 

\ 

. , Le. Tauri~lon. laitiera p~~vent ain.i Itre rlevt. 

~vec SUCc,. ~t 'conom~e en le. nourl.i.santl (1) de sub.titut 

de lai~ pendant une plus l~fU~ plriode (5 ,.em&i~e.) 'et d'un 

m'lange de 'grain. plu •• oonoliqu., ou (2) d •• ubatitut d. 
, ,\ , 

lait pendint une plua coute ·pki04. (3 ... in •• ) et d'un. 
\.. ,\ \ 

\ 

mllange ae 9t'aina plu. cottewe. 
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1. IN~RODUCTION 

( 
The rearinq of calves plafs an important role in a 

da~ry operat~on. The,mo.~ ~itical period in rearinq young 
.. 

calves ia during the firat,few weeka-of life. Calves are then 

very susceptible to a variety of di8eases~ in particular 
\ 

diarrhea and respiratory infection. ' Durinq this early period 

calf performance and mortality can be markedly affected by 

their nu~ritiona.l reqimen (Gorrill, 1972) ,,'.hence it ~,s ~mpor­

tant to have diets oorrespOpding to thé type of weaning 
/ 

/ 
/ 

practised. , 

Dai~ beef producers poatponed ~e weaninq of 

potential beef calves, fearinq that limited consumption of 
, / 

milk woul~ hi.dèr their growth. However, in the ear1y 1950's 

it was rea1ised that even though e'r1y-weaned calyes initially 

grew more slowly than late-weaned calves, after three months 

they coula gain just as much or more ,by compensatory growth 
J 

(Roy, 1970&). 

Early-weaned calves differ from late-weaned calves 

i~ that: Cl) they are fed limited amounts of ztlk or milk 

,~~c:er .. fO~ a short period (und~I\ six weeks)l' and {2} they/ 

are Jncouraqed to rumina te early by feeding a calf-starter 

ration. 

The, earl~ weaning of, dairy calves is adv~ntageous 

to both the farmet and the consumer. The farmer may benefit 

in three'ways: ~ll lover feed c~st by using le~s milk or 

/ , 
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r 
\ 1 

milk replacer to feed calves1 ta} raduced labour costa, and 

(3) fewer problems vith diarrhea add digestive upsets. The 

consumer ·can benefit by~ III more ~at bei~g on the market 

at a cheapar cost, and (2) more ~lk being available for 

buman 90nsumption. 

At present most,bull calves produced on farms in 

\ 

the\dairy provinces of Canada (O~tario and Qu.bec) are either 
. 

sla.ughtered as vealers or sold to the Uni,ted States (Canadi~n-,. 
Federa.l Task Force qn A9ric~lture, 1970). This practice 

represents a 10ss in beef production potential. The Federal'\ 

Task Force on Agriculture stated that Canadian exports of 
calves i~creased tram less than 7,000 per year in the period 

1955 ~ 1957 to 131,000 in 19689 They indicated that since 

Canada imported beef, many of the calves which were exported 
1 
1 

could have'be~ retained and subsequently become part 9f the 

feeder catt1e or fed cattle supply., This would necessitate . , 

raisin~ dairy beef c~lves as economically as~ssible. 
. 

This study was cçnducted to: (1) demonitrate that 

male Holstein calves can be weaned successfully'on to a 

commercial grain mixture and hay after being fed limited 

~ounts of m~lk replacer for 3 or 5 weeks; and (2) determine 

" how efficiently this can be done" 

,1 

2 

" ( 
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Il. REVJ:EW OF LI'l'BRA'I'URE 

. 
A.. PHYSIOLOGlCAL CHARACTERISTJ:CS "OF THE NEWBORN CALF 

1.. Characteristics' of the Gastrointestinal Tract of the 
Newbôr1'1 Calf 

In th. newborn calf only the abomaaum ia functional 

{Grosaman, 1949, Foley .t al., 1973). T.he reticuto-ruman, 

al though ~~n-functional, ,has an inheren~ capaoi ty of about 
" 

1 

2 litres at birth (~~er et al., 1956). In the adult rumin-

ant,.. howev&r. less thfn 12' of the stomach capacity is in ,the ..... 

~bomasum, whereas the ~lume of the rumen reprêsents about 
. , 

64" of the total (Phillipson, 1970L. 
~, . 

In the young calf liquid food can by-pass , tbe 

reticulo-rumen and go directly to th~ abomasum by flowing 

through a tube formed by the c10sure of the oesophageal 

qroove. The closlke of this groove, which 'extends fram the 

cardia to the reticulo-~sal orifice, occurs when milk is . 
fed (Wester, t926) and when the glossopharyngeal nerve is 

stimulated (comlin~ and Titchen, 1951). Observa~ions of 
, ' 

\ 

qroove'function in fistulated.antmals by Benaie and . 

3 

Phillipson '(1957) have demonstrated that the reticular groove / 
, 

functiona primarily in the young suckling calf to by-pass 
, 

1 milk fram the oesophagus to the abomaSUIQ. It has been 

) suggested. that cl~sure of the groove is initiated. by the 

suckling reflex (Watson, 1944) and can also be stimu1ated 

by sodium salts and glucose tR~~, 1954). 

/ 

Roy (197Qb) has 
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1 
Observed that the oesophage_l 9 ove reflex 18 at1m.lated 

equally by water, m1lk and m1i ·by-produots for\~e f1rat 

8 weeks of the calf's life, ~ reafter m11k is more 

effective. 

2. Enzyme Activity of ~e Digestive Tract of the Newbornl Calf 
• 1 i 

Thè fore-stomacha of ruminant ani~als do not develop 
1 1 

fully and pe~form their characteristic digestive function 
• ' 1 • 

until ~e young anima s begin to eat substantial qu~ntities of 

solid 

a) 

.enzyme, 

\ 
present in' young calves. ~is 

eted by the pàlatine glands, hydrolizes 

butyric acid esters of glyoerol. I~s optimum pH for hydro-

I~ lyzin~ tributyrin i between 4.5 and 6.0, and at pH\2.4 

its activity is com letely inhibited. IThe ab~asal contents 

of a newDorn calf h~ve a pH of 3.5 and it is believed that 

salivary lipase would stil~:"have som~ activity in the 'abomasb. 
1 

Thé secretion of 'salivary lipase is increased in calves 

oonsuming milk containing triglyceriges consisting of bu~yrate 

~groups and decreases with increasing consumption of roughage 

(Grosskopf, 1965). 

\ 

\ 

\ 



. 1 

\ , 

\ 
hl Enama Activit)' i~ the AbamasUl'Q 

pne of the character1atic features of the neO~natal 

ca.lf's. abOJt\asum, ls lta lÙlk coaSU:1ating abi~îty. Many authora 
. . 

(Berridge et al., 1943, Barridga, 1~45, ~sh, 1957, Hehschel 

.t al.~ 1961b, Preston, 1964)e agra• that th~ enzyme 'rennin is 
, 

.responsible for ~lk clotting/a~d 15 to a large extent 

specifie for the breakdown of easein. Berridge .~\Ql. (1943) 

and Berridge (19.5) stated that milk separates int~ Il casein 

clot and whey. Mylrea (1966) demonstrated. that wlfey appears 

in the duodenum.within S minutes after feeding milk only, 

but the casein clot is slow1y degraded and its products 
• e ... 

. eventua11y discharqed into the duodenum. 

Berridge et al. (1943) and Bensehel et al. (1961a) 

found that rennin was the 'main enzyme secreted in \the , 

abomasum of the young milk-fed: éalf, but tha t some pepsin 

(though not in appreciab~e quantities) was secreted. In 

addition, Benschel et al. (1961a) found\ that ithe relative. 

amounts of each enzyme secreted varied among calves but, in 
.. 

general, a t about 4 weeks of age large quanti ties of pepsin 
\ 

were secreted. \ 

c) Intestinal and Exocrine Pancreatic Enz~e Activity 
\ 

Dollar,and Porter (1957) and Buber ,t ~z. (1961a) 

have demons'trated that the calf is born with large amounts 
_ J 

of lactase which are essential to hydrolyze lac.tose. Bowe~e! ' '" 

with ad~ancing age, lactase ~evel, gradua~ly decline, perhaps 

due to the animal's decreasing dependence on mi~k. 

'-

( 
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A atudy conducted in 196' by Bywater and Penh_le 

\ 

\ 

.howed'that da~e.aed lactase activitia. occurred in calv.. 
, ù 

,1 
which had.scoured for a few days. 'lt ia now estab~i.hed that 1 

a relative deficiency of lactase would re.ult in exce.sive -. . 
quantities of lactose in the small intestine. which~could 

predispose the animal to fermentat~ve diarrhea a8 dtaacribeGlI 
in man (tleijerls and Van 'de lte.r, 1965)'. 

r<-

The activities of maltase, sucrase and pancreatic 

amytase are low in the gastrointéstinal tract of the neo­

natal calf. Tpis jexplains why young calves cannot d~gest 
\ .' 

maltose (Dollar and Porter, 1957) nor sucrose (Okamoto et aZ., 

1959; Buber et al., 1961a; Buber et al., 1961b: Ruhar', 1969: // 
. \ , , ~ 

(Siddons et al., 1969). The pancreatic, amylase enzyme activity 

is also low in the newborn calf (Larsen et al., l'S~f Buber 

et al., '·1961a) •. 1 \ ! 

• Thè level of pancreatic protease was found tq be 

low in newborn'" cal ves and remàined low up to 44 days of age 

(HUber et al. ,t~1961'a) • _ However, Gorril-l et al. (1967) in 

studying the activities of trypsin and chymotrypsin on calves, 

found that those calves on an all-milk diet secreted signifi~ 
< 

cantly greater quantities of pancreatic juice_and higher con-
, . 

centrations of trypsin and chymotrypsin ~n the calves on a 
, 

high soybean-protein diet. "This, indicates that vagetable 

protein in the dieta of very young calves/may decr~se 

secretion of pancreatic ~rotea$és. 

o 

.. 

1 



1 

e 

• 

, ! 
" Bile salta are important. in the digestion of \ • 

, 
fata. ~ilson (1962)' in a number of exp.riments demonstrated 

t~at bile s~lts and panoreatfc lipase vere both necessary \ 
, 

J~or maximum digestion of f~ts. 

, '. 1 
3. Liaita~ions of the Digestive Tract of the Newborn Calf , 

"-

The ~ntestina:~act of" the newborn calf ia capable 

o~ absorbing antibodies from the colostrum only within the 

first 24 hours,of the calf's life. These antibodies provide 

a passive inmunity in the calf t~:many diseases lSchmidt and 

Van Vleck,1 1974~ • 
, 

At birth the capa ci ty .of the ~l{ t ~ stomach, is s~1f 

~nd its .only functional part is the abotnasum. At 'this stage: 

the -'cal~ can only digest nutrients of mille origin wi th high 

efficiency. Although lactose is the major carbohydra~e 

in ndlk, it can only be utilized by calves in relatively 

small amounts (Rojas st at., 1948; Fisoher and Sutton, 1949i 
. 

Blaxter and Wood, 1953; Duncan, 1955). 

___ Radostits ahd Be~l ll970), after rlrri:éwing many 
\ 

articles, concluded that the size of the fat globule was .. , ~ 

critiyeal. Fat Globules in, COW'aS ~lk vary fram 0.11 'to 1.0 p­
in diameter, while fats from other sources are much 1arg~r; 

.. '" ' 1 

, .' " henc:e the young ca4.f cannot digest non-miJ.k fats properly 
-

unless they are homogenized (Roy et al., 1961; GorrilI, 1972). 
, 

Other investigators found that the type of fat was important. 

'e Ma et al. (.1964' shOW"'ed that monoglycerides and i;riglYC~ides .,. 

, . 

\ 

• 
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\. . 
of Uft!aturated fa~ty acids were more efficiently abàorbed than-. 
the monoglyceridea-and tr~glyc.rid •• of .aturated fatty acid •• 

\ Several inveatigators a(Hebschel et al., 1~6l.f 

çSChel" et .. ~., ~96lbl Pierce, 1962', liuber F Sl~de, 1~71 
rrll,l and Thomas, 1967, Gorrill and Nicholaon, 1969) have 

\ 

shown that very young-calvas did 'not thrive wall whén 100t of 
\ . -- . 
their dietary pratein was of non-milk origin. Cal ve. are not 

• 1 • 1 

wall equiPPe? to digest proteins of ~n-milk origin because t 

. 
the appropriate enzymes are lacking (Benachel et al., '196lb). 

i 

.' The Men of • calf may be fully functional 4 or 5 

)Ieeks after birth. Neverthelesa, some investi.ors (McMeekan, 
& .', 

, , .. 
1954, Prestdn, 1957) have'found that calves can start to 

~, . digest thé dry'tOatter of grass as ~rly as 7 days afte~ birtb. 

HOl(ever, only œll quanti ties of dry matter are util.ized a't ., '- ., 
that aga and only when the calvas are abo~t 3 weeks old could . 
they utilia, 7~' ot' the drYwlllatter of grass. If digestion 

tàkes place in the rumen, then the end products are volatile . ' ,. ~ . , 
fatty acids (VFA) which may be 'absorbed and utilized as 

, .. .q ... 

soq,r~es of energy by calves. KcCarthy ana ltessler (1956) 

andcMartin et al. (1959) pointed out that n~wborn c~lves 

cannot absorb VFA wi thin the first wèù of life, but aré 

able to d~ .so subsequent,~Y. Li~g et al. (1967~, on the , 

other hand,.have produced evidence that pre-rum~nant calvas 

vi th a non-functional rumen vere able tf utilize ,VF~ ~ pro­

bably produced i~ the lar~e .intestines. 

" 

D 
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B.. KlLk RBPLACDS 
, 1 • '1 " '. " .r . ...., 
~. dair~ farmer wishing to k .. p bull calves for 3, t6 

~ 

4 montha'bef~ •• lling th .. te a f-.dlot is faced with the 

\ ~V~sP.ct of.either f.edin~ whol. m!~k t~ his c.lve~ o~ 
•• lling th. whol. milk and ~~ing cheaper milk replacera. 

, Many farmers feed' limited amount~ of whol. lt\ilk to their 
) 

calves for about a' week after birth, then they switch over 
1 ~ 

to milk replacer. 1 

! 
1. Definition , - - - -

Mi1k{rePlac~rs are s~titut~s for whole milk. 
\ \ .. 1 j . -

The composition of a ~i1k replacer is determined primari1y 

~ the rate of gain required and the age and weight of the 
~ 

calf 1Preston and Willis, 1970). In order to reducë the 

risk of,diarrhea and p08sibly fatal infection~ a milk . ( 

, 
r~l?lac;=er must ~e composed of ~ighly digestible,,, in~redients. 

The choiee of protein and(fat~sourees should take into 

aecount the var fous limttàtions ~posed by physiologieal . 
aspeqts relating to their u~ilization~1 

\ 
'v 

2., Sources of Nutrients in Milk Replacer 

a) .Protein 

Generally\milk replaèers cont.in soma proteine 

T~e ~ thr~-_ cOIIDDOn sources of milk prote in. used in milk 

replacets: sltim milk powder, dri~ whey and butterailk, 
. Î 

" 
\ '­"'1 u 

\ 

, .. 
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powqer. Skirn milk is probably the Most wide1y used. Bowever, 

although it usually provid'es 'good quality prot,ein, improper 

processing o~ skirn~ilk May have a negative effect on calf' 

performance (Gorrill, 1972). 

" Whey powder is a re~atively cheap source of prote in 

and the cos t of milk replacers cou"ld be reduced cons;iderably 

'if it were weIl utilized by' young calves. However, Roy 

(1970a)in?icated that when calves re~~ile large quantities 

of whey they, tenQ to have diarrhea, presumably due to its 
r;< 

hfgh lactose or-mineraI content. Sweet whey is considered 

a bettex source of protein f~r calyes than acid w~ey (Gorrill, 
-

1~72). "Volcani and Ben-Asher (1974) successfully used sweet 

whey powder in a Iimited feeding system to replace part or 

aIl or the skim milk powder in co~ercial rnilk replacers with no 
.} , 

harmf~! effe~ts; but calv.es on ~~y perforrned 20 to 25% less 

efficiently than those o~ ,skim milk. It was also suggested 

that the system only works weIl when sufficient concentra tes 
! 

are conslllÎl~d. J 

Buttermilk po~der has been used as part of or the 
\ 

entire protein source in ~iquid GPlf diets (Gorrill, 1972). 

It'has a relatively high fat co~tent (about 9%) compared to 
J'À " 

whey pQwder (l,.l%)\ and g,kim m.ilk powder (0.1%). It therefore 

gives almos~/~oimal calf growth wi~out the addition of extra 

fat. In New Zealand, Fraser (1961) found that 'veal calves 
, " 

performed as weIl on reconstituted buttermilk as on,w~e 

milk. 

, u 

\ 
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In the past,calves reared on milk replacers contain~n9 
l' 

non-milk proteins ~erformed poorly_ However, much work has been 

done on the non-milk protein source of mi1k replacers iwith 
o ("" 

" a fair amount of success. Satisfactory results h~ve been 

obtained by replacing 50% or more of the~milk protein in milk 

replacers by specially processed soyf1our. 
" 

1 

/ Gorrill and Thomas (1967) and Gorrill and Nicholson' 

(1969) reported that calves can ~tili.ze a highly prrified 

soyflour with 71% crude protein (CP) and perform as weIl as 
J 

calves fed on whole milk •. However, these authors indicated 

that when ca Ives wer,e fed regular soyf1our (50% CP) to' 

furnish 60% of the dietary protein, their growth rates were 

retarded and the incidence of diarrnea was high. On the other 

hand, Nitsan e.t al,. (1972) were abJ..e to replace up to 90% of 

the t?tal protein by a soyprotein concentrate in a milk 

replacer formula, provided the animaIs had free acdess to 
, 

concentrates and-hay. They reported that, under their 

eircumstances, the incidence of diarrhea Was low. , 
~ -" ..... 

1 l / Other vegetible proteins have been tried as protein 

sources in milk replace~s with l~ited succ~ss. Bell et ~l. 

(1974) ~sed a pea protein~oncentrate and enzymatically ! 
hydrolized pea flopr to providè half the dietary proteino"in 

milk /replacêr.s. They observed that cat-ves under 2 weeks : o· 
".' I~ 

of age co~ld only digest 25% ~f the,ve~e~le proteine 

Buber and Slade (1967) used fish flour ~o furnish 
o 

some of the die~ proteins in mi1k replacers fed to ca~ves 

1; 

\ 



o 

/; 

from 3 to 45 days of age. There were no significant differ­

ences when 140% of the milk replacer protein was supplied by 

fish meai. However, at leveis of160% and over, marked 

decreases of growth rate occurred. 

\ 
h} Fat 

12 

The fat content of dried whole milk of most domestic 

animaIs is in the region of 30 to 40% (Maynard and Loosli, 

1969). Therefore, it could be presumed that milk replacers 

designed to simulate whole milk should be prepared with a 

relatively high fat content. The energy derived from the 

fat seems necessary for1maximal utilization of nutrients 

in milk and for high nitrogen retention. Griffiths and 

McGann (1966) also held this theory and added that improved 

weight gains would be expected. Bush et al. (i~63) observed 

that additional fat reduced the incidence of diarrhea. 

1 Fats suqcessfully used in milk replacers includè 

tallow, lard, coconut oil, peanut oil and palm ail. Calf 
. 

performance has usually beén better on lard ~Gorri1l, 1972). 

Early attempts to incorpora te inexpensive vegetable 

and animal fats in a satisfactory milk replacer led to 

unfavorable results. Inad~ate hamogenization of the fat 
0° ." , 

before adding i t to the mi~ replacer ingredients reduc.ed 

its digestibi1ity. 'Now, with proper h~ogenization and 
'[ .. , 

emulsificatibn, the utilization of fat by calves is marked1y , . 

------:i:mproved (Gorrill, 1972). 
\ 
Roy 8t al. (1910) ~eported tha~ 

\ 
,L 



·, 
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----~----------- -- -- -. 

t there ~s no advantage to he gained hy increasing the fat 

content of a milk replacer above 20\ (dry matter hasis) 
\ . 

unless fat deposition is required. The recommended J,evel 

of fat in milk replacer is 10\ of the dry matter (National 

Research Council, .1971) • 

c) Carbohydrates 

As previo~sly mentioned, young calves cannot 

u~iliz~ large amounts of carbohydrate (Dollar and Porter, 
1 

1957; Weijers and,Van de Xamer, 1965; Siddons ~t al. , 
, 

1969). The types of carbohydrate which can be used as 

"fillers n in milk replacers are l~ited. Burt and Irvine 

(1970),in a review on this~subject, concluded that lactose 

and glucose were «!he' only two carbohydrates that coulq, he 

used at relatively high levels. Sucrose is not digested. 

_ -Starch is very poorly digested even by older ca Ives • Bow-
. \ . 

èver, Morrill et aZ. (1970) indicated ~h a combination 

of prrcessed starch and an-amylolytic ~zyme may be used 

in a milk replacer for very young calve. Burt and Irvine 

(1970) reported that the addition of invertase to milk 

replacer containing 251 sucrose ~educed diatrhea in calves 

", and increased nutrient digestibilitie$ by as much as fifteen 

pereent. 

13 



d) Vitamins and Minerals 
, 

Supplemental minerals and vi tamins are ~nly 

required in milk rep~acers if the basic ingredients of 

these formulas are deficient in them. However, as a 

safety factor they are added routinely to exceed the 

o nut~ient requirements (Gorrill, 197JI. 

c. COMPOSITION OF DIETS' FOR EARLY-WEANED CALvks 

1. Mi1k Replacer Nu~frent Levels 

\ 
a) Dry Matter 1 Q 

1 
The vOl.untary dry matter (DM) intake of pa~atable 

foods by the y~lg calf depends in part on the fOrIn in which 
1 

the food is gi ven. Roy (1910t)has shown that up ta a live . 

weight of 70 kilograms (kg), more dry matter can be con­

sumed in the +iciuid form than in the ~y forme Pettyjohn 

et al. (1963) indicated that ca1vèS achieved the'greatest 

efficiency.pf feed'conversion when their ljquid diet had a 
\ 

DM content," of -15 peicent. Under practical. farm conditi?ns, 

the! DM content of liquid milk replacers is quite variab~e 

lRadostits and Bel~, 1970)~ 

b) Protein 

" The factors which must he taken int:o account in 
\ 

det~ning the protei~ leve~ of' miJ.k -replacera are: 

Ci} physiological deve1opment, of the ca~f;, (ii)' desired 
'\ 

14 



o 

\ 

~ 10 ., 

, " ~, 

/' 

level of animal'perfor.mance; (iii) origin and amine acid 

composition of th~ protein; (iv) quantity and quality of 

fat; and Lv) compositioD'and actual intakes of other com­

ponents of the diet (i.e. hay, dfY concentrates). 

lS ' 

, Roy et al.' (1970) found that calves on a high fat 

(30%) and higp protein (26 to 29%)'milk substitute diet 

perfor.med better than calves on a high fat with lower protein 

(19%) diet. Bowman et al. (1965) in,~an ear~ier -study found 

no significant difference in growth performance between 
1 

calves fed milk substitutes with 20 and 25% CP raspectively. 

It wou1d séem then that 20% CP was ad~quate to maximise, 
" 

growth. 'But, it has been shown that a mi1k substitute con-
t 

taining 19.3% CP did not sustain maximwq, growt.h in 80 kg 
, 

/-C'alves (Stobo et ~Z.," 1967). Bowever, it is not necessary 

/'Y' for .dairy beef calves ta grow maximally, and Roy (1970b) 

suggested that the minimum CP content required in a milk 
.-

substitute for a 60 kg calf with an average daily gain (ADG) 

of 0.5 kg is 17% of the 'dry matter. 

Fat -
The quantitative f~t requirements for optimum 

grC?Wth in the diet of young c;alve, are ~t known (Radostits 

and Bell, 1970). Prior ta 1960, ioost mille substitutes cpn­

tained ~ut l...R fat \(DM basi&). Boweyer, vith mcreasing p-_--- 1 

evidence that starch and its degradation products~were poorly 
- " 

digested, JDilk substitutes containing 15 to SOt fat (tilfbasis) . \ \.. 

\ 

-- \ 
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1 

1 

began to be commercially produced (Roy, 1970b). 

Griffiths_ and McGann (1966) have shown that ,calves 
'. 

( ' .. 
on high fat Ils to 20\ DM basis) milk substi~ute diets in an, 

early weaning system perform better after weaning. . Roy 

(1970b) suggested that the feeding of high fat mi1k s~b­

stit~~es ~esu1ts in increased la~ deposition in the carcass, 

and that this fat may be drawn upon to supply etrergy during 1 

.. , \ 
the tran.i:tion .ta'le 'am 'pre-ruminant to ruminant. , Roy 

a1so stated that 17 to 20' ·hamogenized fat of animal or 

vegetable origin Is adequate for md1k substitutes. 
G 

d) Carbohydrate 

The preparation of milk-rep1acers con~g low 

fat (5' DM basis) anèl relatively 10w protein '(19' DM hasis) 

dictates that large amounts of carbohydrate are incorP9rated 

as a source of energy (Gorrill! 1972). The tbree carbohydrates 
- 1 

which are commonly used i'D milk replacers ar-e lactose, glucose-

and starch. Raven and Robinson (1958) found that calves 

receiviÏlg a milk substitute with as much as S6.~.J.actose did 

not scour.. However, Gorrill (1972) stated that any liquid , 

di,et fed to ca~ves~ c~taiDing more \tha~ 50\ lactose will 

cause ~iarrhea·. 

Buber ana bis assoclates (1968) concluded that-the 
'\ 

maximwn level of starch in milk replac~s fed to calves 

under 3 weeks of age should be 10 percent. They also 

mentioned tha1: after 3 weeks of age the starch cOntent in' 

1 / 

- . 

I~ 

_~~l !: 
~t ~ 1 J 

~ " ~ : .'. 
': .. t .... 

, Il... 
.,' 
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a'; liquid diet could va.r:( 'trQl'Q 9 to 27% without' retarding calf 

growth. 
1 _ 

The literature contalns 11ttle info:cuation about the 
" 1 

use ,ot glucose in milk replacers. HOwever, Gorrill and 
-

Nicho).son U969) have used up to 25% of tl/lis sugar in a 
\ J/ 

for calvas without encountering Any serïôus problems. 
, / 

formula 

- . 
e) Vitamins and MineraIs. -

l i 

Vi tamin and mineraI requirements of milk replacer 
~, 

fed calves havé been studied over li number of ~ear~. Recom­

mended levels of vi tamin and miner~ additions to, milk 

replacer powder are listed in a review article by Radostits 

and Bell (1970) • 
• 

The two mineraIs most commonly added to milk 

replacers are calcium 'and phosphorus. Blaxter and Wood (1951 

-and 1952), ~nd Raven and Robinson (1958) showed a linear 

relationship between rate Of/bodY weight gain and retent!on 

of calcium and phosphoruse The present recommended levels 

of calcium and phosphorus in milk replacer powder are 0.55 
• . 

and 0.42% ~espectively (National Research Council, 1971). 

, ' 
f) Antibiotics 

Antibiotics are routinely added to milk replacers .. 
although under ideal conditions (adequate feed, experienced 

j , 

herdsmen, weIl ventilated buildings, and smal.1 number of 

calves per unit) t:hey shou1~ no~ be necessary (Gorri11, 1972). 

Ca1ves bro~ght in fram unknown s~.urces should be treated 

vith antibioticsi particu1ar1y if they did not receive 

( 

1 _ 

\ 

/' 
\ 

, 1 
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sufficient colostrum. Preston U9641 bas de.monstrated that 

the addition of 50 milligrmns ûngl chlortetracycline daily tq 

milk replacer during t~ first 3 weeks o~ life increased calf 

growth by 10 percent_ 

Lassite~ et al. (19581 reported that crystalline 
, 

aureamycin or bacitracin added to calf milk replacer 

(23 mg/kg) increased daily gains significantly to 7 weeks 

of age. ~rrill and Nicholson '(1969) also reported good 

results from calves treated with aureamycin (11 mg/kg of . ' 
milk replacer). 

Preston and Wil)iS (1970) are of the opinion that 
\ 

it is economical to fe~,antibiotics to this class of 

animals. However, Radostits and Bell (1970) suggested that 

the need for a~tibio~ics in milk replacers should be re-
: 

examined. Their main r~ason for this suggestion is the 

development of multiple drug resistance of tne intestinal 
. \ 

~croflora of calves which may result in a potential public. 

health hazard. 
/ .. 

,1 • 
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2 • Calf Starter Ra tians ,-

a) Defini tion, 

ICalf starters are dry rations which 'are féd to 
'[ 

young calves from'l to 16 weeks of age. Formulas of some 

common calf starters àre shown in 'Table 1. Calf starters 

should be palatable, high in energy (75' total digestible 

nutrients (TON) ), and conta in about 16% CP (Foley et aZ., 

1973; Schmidt and Van Vleck, 1974). 

bl Protein 

The p~centage CP of start'krs fed to cal~es weaned 

\at 3 ta 7 weeks~sbould be over 16% (Schmi~t and Van Vleck, 
o 

1974) • Roy (l~'76ii) indicated tbat calves weaiied ~t 3 weeks 

\ 
of age should have a calf starter ration with a CP content 

\ 1 
over"12 percent. ,Jacobson (1969) in a review on energy 

1 

, 

and pratein requirements of the calf concluded that the' 

optimum CP level for calf starters is about 16%, but lowe~ 

levels (to about 12%) often resulted in maximum.gro~ 

response. However r Danie1:-s and Flynn (1971), 'in a study on , 

the evaluation of protei~ levels in calf starter rations, 

19 

found that calves weaned at 6- to 8 weeks can perform very weIl 

on calf starters witJl 15', but not 12:5% CP. Sto" and Roy. 

U9731 and John and Chandler (1974) iupported this observation • 

.Morrill and .Melton U973) reported satisfactory 

performance wœn/ calves wean~ at 6 weeks were given a 

starter ration containag 13: 51-. CP. Tinnimi t and 9lomas 

- 1 
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TABLE 1. CALF S!1'ARTERS 

Corn (coarsely ground) 

Oats (crimped, crushed) 

Wheat bran 

Soybean meal 
~-

Linned meal 

,-, 

Corn distiller's ~ried solublea 

D~hydrated a1fa1fa mea1 

Dried whey 

Molasses (b1ackstrap) 

" 
" 

\ 
\ 

Calcium and phosp?orus supplement 

Trace mineral 

l 

\; 

./ 

.. 

.. 

l 

35 

30 

22 

---

10. 

2 

l 

~ 

Starters (il 

234 

40 21 27 

27 20 20 

20 

10 

2 

l 

15 10 

11 

10 

5 

10 

5 

2 

1 

15 

15 

10 

2 

l 

/" 

5 

46 

30 

21 
~ 

2, 

1 

Add per pound of starters 2,500 lU vitamin A, 300 lU vit~in D, 10 mg 
ch1ortetracyOline (Aureomycin) or oxytetracycline (!1'erramycin). 
Source: Van Horn and Jacobson, 1966. Hoard's Dairyman 111:1015. Cited from 

.Schmidt and Van Vleck, 1974. 
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(1974) obs6[Ved that: a por~i~ of the prote in !Jrequi~ement 

in calf starters cou1d be supplied by non-protein nitrogen 

campounds such as urea,I biuret and ammonium propionate, 
\ 

without having any adverse effect on calf performanCe) 

G~rdener and Xung (1913) notee g~ins of over 1 kgJday 

when calves weaned at 6 to • weeks of age were fed a 15.1% 

protein starter with 1.25% protein equiva1ent supp1ied by 

urea. 

c) Fat 

_ Preston et â~.!(1960) reported that the inclUrion 

of tallow at a level of 5', replacing an equivalen~ am!lunt 

of cereals in a concentrate mixture, resulted in improveQ 

body growth. But 'there is 'soma' indication thât the animaIs 

on this diet had reduced nitrogen reten~ion. Chandler et al. 

21 

(1968) found that when corn ail at levels above 4% was in­

cluded in the ration of dairy ca~~esl digestibiliti~s of drY~/ 
ma ~ter ~ 'energy and 1ipid were reducëd, feed intake dec).ined, 

"-
and growth was inferior. Gardener and Wallintine (1912) 

, 
found that calves on starter with 5% added renderer's grease 

1 

did nrt gain as much as- calves on starter without renderer's 

" grease. Bowever, it bas been reported (Brown and Lassiter 1 

1962; SCh1iJrmàn and Xefs1er, 1974) tlult the pro~ein ta energy 
(1 i -

ratio is important and that SODe fat should he added ta the 

calf starter ration.. ~ addition, a' little fat in the ration 

! helps ta reduce dustiness. 



() 

, 
Calf starter rati~s general1y contaÏD a 10v level 

of fibre. No, d~fference in calf performance vas observed 

vhen calves weaned at 9 weeks vere given starter rations 

con~aining 5, 9, or 13' crude fibre up- to a maximUm starter 
\ 

,intake of 1.8 kg/day (WhitAker st at., '1~57): John and 

:" Chandler (1974) found rtbat the high~ the fibre content in 

,a starter ration, the qreater the response- to increased 
,fl 

protein levels. It is feasible that a 10_ crude fibre con-

22 

tent .miqht be' important at high 1eV81fs of concentrate feeding, 

but at low levels increàsed fibre content tends to di1ute the 

available ênergy ... 

e) Palatabili~ • 

Calves receiving limited amounts of whole milk and ~ 

,1 
weaned at 3 to' 7 weeks of age must receive a goad qua1ity 

palatab1e age (sclÙni.dt 

and' van Vleck, 197"). The addi tian of a sweetener such as 

molasAes to the calf starter improves the acceptance of the 

feed by the young calf - (Roy, 19'70a; Schmidt and Van Vl'eck, . . . 

1974). Coarsely gro~èr ~tarters sti.mul~te gr~ter' intake 

~ finely ground materia1, even if the-îatter is pelleted 
1 

(Gorril1, 1.972), and may be more ~atable (Baklter, 19681jJ . . 
Schmidt and Van Vleck, 197.). Bakker (1968) noted that' 

pel.leting: starters had 110 benefic.ial effect -on illtake un1ess· 
:. r 

a cClIIIp1ete hi9h-~oughage diet vas fed. Schaddt aDd Van Vleck 

f 
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" (1974) indicated that pelleted starters are as pa1atab1e 

as a coarse-textured meal if the pe11ets are soft enough' to be 

ea.si1y broJç,en by the calf. BarUey (1973) fo~ that newborn 

calves feJ mJlk ~nd a se1fLfed pelleted mixture of 3 parts 
~ 

calf starter and 1 part ground sun-cured alfalfa hay consumed 

'significantly more feed and gained more veight than calves 

fad :mille, starter, and hay separa tely in the conventional 

manner. ~ 1 .. 

3. Hay 

When calves are veaned on to concantrates Mone 

the susceptibility to bl~t is greater, esp'iilCially if the 

concentrate' mixture cont~ins l.ittle material. vith roughage 

cl\aracteristics. However, Roy (1970a) reported that calves 

have been weaned successfully at / weeks of age on to a 

concentrate diet containing 10' dried grass meal. . . 
Bay should be offered l as soon as the calves will 

p 

.. 

begin ta eat it:, uSl@lly at 1 to 2 weeks of age. !rIie quantity 

of hay consumed by a calf depends on the qual.i ty of the hay 
, ~ 

... and the amount of starter availaple. Schmidt.and Van Vleck 

(1974) sug,gested that a calf's diet sbouldlconsi~t of at 

least 10 ta 2~' rougba~. Roy (1.970a) suggested that qood 

-quality# vell-cured, JlM leaty hay should be .offered vith a 1 

restricted mil.k feeding program. Two of the better types of 
..-", . 

hay used in CèlDada' are aUalfa and timothy. 

\ 

, 
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/ 
92% DM, 2Q~ CP and 32% crude fibre. Hinders and Owen (1968) 

observed that alfalfa is \mor~ ,ieasi;ly ,d~gest~d wh~ ofed 'whofe 

rather than pe~leted. Stiles et al. (1970) found that dairy 

calve,~ed alfalfa pasture and alfalfa
r 
green chop gained 

significantly more weight than did ~~lves fed alfa1fa hfY.' 

Although alfalfa hay is·very nutritious, it deteriorates 

rapidly when eut and left in "the fields (Voe1ker et al. 1 

1970). Leaves are lost, dry -~tter inéreases,'carotene is 
. 

lost, an~ protein is reduced. It also deteriorates under . ! 
, - t 

storage~thougp to a lasser degree. 
1 

. b) .T imothy ! - i. 

Timothy is not as"nutritious and palatab1e as 
o 

alfalfa, but it stores bet~er. 
. {~ , 
1S 7 to 9% JHogan et al., 1967; 

The CP content of timot~y 

Stiles et aL, _1970)0. 
. , 
These authors found that the energy digestibility of timothy 

hay'~ecreases when feq ad lib~tum 
.~ 

feeding rate. 

rather t~an on a limited 
/' 

. \ 

'. 
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D. C~ RAISING TECHNIQUES 

1. Early Wea9ing 

al 

\ 
\ 

Definition 

25 

Il 

. , 

~ . . (; 
Early weaning describes the practice of ~ntroduc1ng 

the young calf to feeds other than milk or mi1k replacer 
# 1 

early iD life, so that by 3 to 5 weeks of ag~ liquid feeding 
, f • 

could be cut off entire1Yi no debilit~ting effect on the 
" a 1 

health of the animal should odcur. The performance of calves 

/, after'early weaning must not ~e adversely affected to the 

extent that mature performance is lowered ,(Go;-rill, J972) • 

. ' 

) 'f 

b} Weaning Age 
1 

The criteria used for weaning calves inc1ude: 
• 1 

age, body we1g~t, body weight gain, total intake of liquid 
,j- 1 

diet and daily starter intake. Although on the farm a 

combination of two or more of these factors is'genera1ly 
I~\ . 

involved,.only weaning h7 age will be discussed. 
J 

Barly weaning at 3 to 5 weeks differs f~om 8 week 

weaning "fn ' tha" : (a) -milk volume i8 restrictedr (h) the 
zt;f- • , • 
calf is given a highly palatable and nutritious calf 

starter; and (c) mi1k is completely replaced by calf starter 

between .the third and the fifth week. One' of the advantages 

'of 'early weaning is that the calf has fewer problems with 
1 #' 

diarrhea and digestive upsets • 

.. 

, '. 

•.. . . 

/ , 
r 
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It is easier to wean calves accordlng to age 

than by any of the other factors .mentioned above. Bakker 
1 

(1968) and Roy (1970a) have shawn that calves can ~e success~ 

fully weaned at 3 to 5 we~s pf age, provided that the 

'féedi~g of concentrates is instituted early. Gorril1 (1972) 

has indicated that calve~ can be successfully weaned at 2 

to 3 weeks of age if at'least 0.5 kg of starter is being 
• 

consumed daily. 
, of 

Ruminating calves at the age of 3 weeks can digest 

grass as efficiently as the adult ruminant and 'this effi­

ciency is achieved\within two days of the ~rass~being fed 
, r 

(Preston, 1957). The factor limiting performance is the 

amount of grass inqested by ~e young calf. Roy (1970a)-
7' 

also meqtioned that for early weaned calves to gain weight 

at the rate of late weanedcalves, the former m~st g~in 

weight at a level at least 1%' of body weight per day. 

Weaning may be graduaI, over one, week, or abrupt. 

The advantages of-abrupt weaning outweigh the disadvantages. 

Bakk,r ,(1968) and Clark and Whiting (1~6i) indica~ed th~t 
, growth of calves, given the same total amount of liquid 

diWt, is no more affected by abrupt weaning at 3 ta 5\~eeks 
l , 

of age, than b~ graduaI weaning over l to 2 weeks. Calves 

weaned abruptly wiil generally consume dry feed more readily 

after weaning. However, so.me] calves will aot eat solid 

feed as long as liquid di:et is fad, and graduaI weanillg 

1 
26 
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O'.l, 
lÙ 

de'lays the time wlien the calf 1.s forced ta eat so~id feed 

(Gorrill,. 1'972) • 1 

Little campensaJory growt~ appears to occur with 

calves tbàt have been early weaned on to pasture alone 

and have made low weight gains during the first 12 weeks of 
\ 

life (Roy, 1970~).. The kèy to early weafing is te ge~ the 

animaIs on t~ a go~ quality and pa1atable starter and good 

qua1ity roug~age to supp1y aIl ~he nutrients no longer­

supplied by milk. 

2. Feeding Routines 

a) Once Versus TWice D~ilY Milk ~eedingO . 
Tradi tionally, calves have been fed 1iquid ,die'ts 

at least twice daily. Farmers operated under the belief -, 

Ithat nutrien~s given in small quantities at short intervals 

were more efficiently utilized than when given in large 

quantities over long interv~ls. Much research bas been 

Carfied fut on thls and the present consens~s is that the . 

overall performance of calves is-not adversely ~ffected by 

feeding milk or milk replacer once daily (OWen et al.,1965; 

Burt, 1968; Acke~n et az.., 1969, 1 Davis et az.., 1970;~. 

Fieber, 1972; Morrill and Melton, li73 ; Fowler et rl., 1974; 

Sclunidt and Van Vl~k, 19141. 

Calves fed liquid diets once daily,tend to eat dry -

feed 'more readi1y, and consequently may be w~ned ear11~r 
\ 

- \ 

,than c,alves fed twice dàily. Generally, tbere i8 DO difference 



o 
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" 

d':le to feediI,lg frequency on boay weight and weight gains. 

Scouring may be more prevalent in calves fed oD~e daily 
\ 

(Davis et al., 1970; Gqrril1, 1~72). Feeding once daily 

reduces the cost of labour 1 but less~-time is spent observin<] 
" 

the calves. lt has been ,suggested that ca Ives on a once-a-

day liquid feeding regimen should be fed at about the same 

time every day. and should b~ checlled a t o<~" intervals! ' 

for ;?_,Signs of i11 health. (Go:i11. 1972Y. 

/ b) HippIe Versus Pail FE7eding , 

28 

HippIe feeders simulate the cow's teat, and calv~s 

bbtain milk in a fashion si.mi.1ar :to 'normal ~uCking. Moreover, 'l' 
sucking thrOU~ a)Dipple ~pp~~rs to cause an increased pra-

l ' 
duction of salivary lipase and oesophageal groove closure 

-.....::: [ 1 

which- may lead to fewer digestive 'dis"turbances :(ROy, -1970a): 

Experiments have shown that/lcalf 'performance is about the, 

same whether they are nipple f~ or pai-l fed. (Roy, 1970~; 

Schmidt and Van vlecf' 1974). Although it is easier to get 

young calves-to nip~le feed than to drink from a pail, it ls. 

more sanitary and less time crnsumlng to use pails. 
. \ 

3. calf Scours} and LiqQ.id Diets 

A common ~roblem of liquid fed calves is diarrhea 

of nutritional origine This cOnQition results in ~ogressiva 
, ~ 

dehydration and dkth in hourt5 or days if treatment i8 not;: 
. ... 

instituted. Several workers have indicatàd the possible 

/ ' , . 

\ 
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\ 

1 
1 causes of this disorder in calves. Shil1am et al. (19621 

\ 

concluded that improperly processed skim milk powder in 

\milk replacers may be one of the causative agents., Owen 
l ' 

et al. (1958) studied the influence 'of different cdmponents 

of milk diets on the consistency of feces and found that 
- \ 

the addition of lactose ,at twice normal lev,ls' (10%) resulted 

tin looSe feces,. Pettyjohn et al.' (1963) stated ~t a hiCJh 

dry matter intake prèdisposed young calves to diarrhea. 

Mylrea (1966) demonstrated that overfeeding Can cause this 

dis arder in young calves. 

Good managerial practices can control calf scours 

and reduce mortality (Bartman et al. ,1974). Gay (1965) 

indicatedY that colostrum fe~ calves, ,are 'u~uallY protected 

from Eschezaichia·· co~li s~pticema, a cause of diarrhea. Roy 

(1969) concluded that the composition of chyme is of great 
\ . 

'importance in maintaining a balanced bacterial flora and in 

preventin~ diarrhea'. Stiles et al. (1974) stressed that 

the 'level of fluid intake la important in calf scours. It 

is generally accepted .tha~ antibiotics redùce or prevent , 

diarrhea and increase weight gain by lowering the activi~ies 
1 

\ \! of the l~ss desiràble gastrointestinal microflora (Gorrill, i , 
~972) ., 

29 

/ 

, 

'1 
! 
1 

'.1 
! 



e 
/ 

/ 

/ 

.... 1>' l " "'''" 

r 

III. 

/ 

OBJECTIVES OF THE RESEARCH 
1 

- .... ;It 

The high cost of beef in Eastern Canada is due-: 

lin part to the scarcity of Iocally produced beef animaIs. 

One solution'~~uld be to reduce the export of dairy beef 

calves which would be raised. locally to beef slaughter 
\ 

weights. In order to produce beef successfully the calves 

should be weaned as early as possible without hindering 

their growth potential. 

The work presented in this thesis attempted to: 

(1) demonstrate the successful weaning of male Bolst~in 
v 

calves after bei~q fed limited am~unts o~ milk replacer 

3 or 5 wJ~kS with dif$erent types bf grain mixtuJes of 

for~ 

.,. 
vary~ng costs; and (2) det~ne how efficiently this can 

he done, in" terms of feed conversi~ and feed c~st·ratios. 

\ 

/. 

/" '. 
1 

" ,/// 
. / 

/ 1 
-( 

,,, 
", \ 

" 
}~ 

30 .:i 
·i; 
I;,,~ 

tJJ ,!, 
'.1 

" 

': d, 

". 

", 

, 



o 
IV. TlUAL:I 

\ 

, 
A. EXPEIUQNTAL PROCEDu1u: 

1. Management 1. 
1 

Thirty-tvo Holstein bull calves were purchased 
r 

at local" auctions tor from the Macdonald Coll:ege farm in 

April\ and May, 1971. On arrivaI the calves were about 

:1 veek old and,Sl kilogramâ. (kg) average body weight. \They 

were numbered and irijected vith antibiotics (peniC~llin, 

200,000 :IU) and vitam;ns (vitamin A, 500,000 lU; vitamin 

0 3 ,50,000 IU: vitamin E, 5~.~U). 

Bach calf vas iDdividua1ly housed in a pen vith 
Q 

a concrete floor aPP,rox~tely 1.88 square meters (sq. m) 

in s,ize. - .The !four s~es '1~e ~~ ,from meshed' wire (1. -
~ .' .. 

centimeter .(cm) x 5 cm). Each side was 1.~7 matera Jm) 

long and about 1.0 m high •. , The pen contained a 'bay bin, ~ 

an automatic water ~1, and a gréiin tray. 

31 

The pens were [Cleaned and bedded vith wood sbavings 

every day. \ 

Light was 
• 1 / 

provid~fo~ approximately 8 hQurs 
{ 

each day and the temperatur~ vas controlled in a range of 
" 

18 - 24°C. 
, 

- 1 

\ 

, \ 

/ 
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,2. ~erimental Desi9n 

The trial was conducted as a completely'randomized 
1 

design in a 2 x 2{ factorial experiment. Tb,e treatment 

fac~~$ were-iength of milk replacèr ,feeding (3 a~d 5 weeks) 

and tYPes of grain mixtures (calf starter-grc;>wer (SG) and 

/-tilk-Maker- grain concentrate (MM) ). 

The design of the trial is shawn in Table 2. 

TABLE 2. EXPERDŒNT~ DESIGN - TRl:At l 

Length of Mîlklfeplacer 
Feedinq (weeks) 

3 :-

5 

, 

" 

\ / 
V 

Type 
1 

SG2 

:;; 

83 (I)4 

8 (II) 

l, Weeks on trial . 
2 'SG: Starter-Grower ~ .MM: ItMî11è-Maker-
3 N~r of calves 
4 Group number 

. f 

---

\ 

/ 

of Grain 
1 

MM2 

8 
- .~ 

(l'lI) 

8 (IV) 

/ 
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3. Rations 

Calves were fed whole milk for one week, then 
1 1 

they were gradually switched to milk replacer. 1 During the 

second week aIl calves were fed a commercial milk replacer 

(MRI) containing 24'% crude protein (CP) and S% ether extract 

(EE) (Table 3). From the beginning of the third week unül . / . 
~ 

weaning at 39 or 4S days tliey received. a second cOlllllercial 

milk replacer; (~II) contairi~g 20% CP and 20% BE {"-able 3).', {/ 
, J \ /. 

This change in mille replacers was due te the manufa'cturer 

laltering speCifi~atihns. 
The protein sOlU'ces of the' milk replacers were 

\ 
predominantly dried skim milk powder and dried whey powder. 

(The fat source was mainly dried bu~terfat power (personal, 

communication, Robin Hood Multifoods Ltd., 1971). 

Two groups of 16 calves each were fed either SG 

or MM from the fi~st week on trial. ISG was a formula for 

young calves and MM for mature .ciairy cows. The composition 
\ 

of the grain ~es, which i; based on inf0rID1ltion supplied 
\ \ 1 

by the feed manufacturer, is listed in 'l'able 4; and the \ 

chemical a~alyses in Table 7 (Results). 
1 . \ 

s.y composed mainly of alfalfa and timothy species 

(7:3 respectively) -was chQPped to a length ~f about 3 cm and 

fed to the ca Ives ad "libi tum from the first ,week of the trial. 

( 
/ 

. , 
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TABLE 3. GUARANTEED ÀNALYSES OF MI~':lREPLACERS1, CAIiF STARTER .. GROWER2 4001 
AND MILl{ ,MAUR DAIR~ RA!l'IOW 402. 

Components 

Crude Prote in (min) (t) 

Crude Fat (min) Ct) 

Crude Fibre (max) Ct) 

Sodium Ch10ride (t) 

Calcium Ct) 

Phosphorus Ct) 

Vitamin A, (min) (lU/lb) 

Vitamin D, (min) (lU/lb) 

MRI* " 

24.0 

5.0 

0.5 
, , 

2.75 
\ , 

1.25 
~-

0~75 

15,000 

5,000 

-

MaII*· 
1 

\ 

20.0 

20.0 

\ r 0.25 

3.0 

1.0 

~ 0.75 

15,000 

\5,000 

SG 

16.0 
~ 

2.0 ' 

7.0 

1.0 

0.7 

0.6 

2,000 

. MM 

16.0 

. 2.5 

\ 9.0 

0.5 

0.6 

0.5 

2;000 

/' 

-Vitamin -E (min) (lU/lb) l~ 
,. 

Chlortetracycline 
) (Aureomycin) (Mg/lb) 

1* 

2 
3 

** 
Lactone, Reg. No. 
Supetvealer,. Reg. 
CSG 400, Reg. No. 
~_DR 402, HS~16, 

[ ... 25 .. 
~. 

~ 
1 _ 

4767 ) 
No. 4767 ) 2843 ) Robin Hood Multifoods Ltd., Montreal,Qua. 
Reg. No. 9718' ) 

,. 

~ 

,-~ -
\~ 
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TABLE 4. COMPOSXTION' OP CALF S!rAR~-GROWER AND HILK 
~ DURY RUION ('1 
'. ~' _. ' . ,1 

Ingredient CQIIlpOsition SG 

Bàrley .,- 42.9 

Wheat bran 5.4 ! 
- \ 

~~ Shorts (wheat) 5.4 

\ 

., 

! 

Hiddlings (wheat) 

Wh • 1 -
eat m~1l run 

Wheat 
/ 

/ 

Corn 

Soybean meal . 

Molasses /-

Sodium chloride) 

Calcium ~MinJal tRi.x 

Phosprrus •. 

Urea 

. . 

) 
) 

.. 

• 

5.4 

5.3 

17.1 

4.3 

7./0 

3'.0 

4.2 

,0 

1 

.. 

[ 
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46.4 

5.8 

5.8 

5.8 / 
5.8 

18.6 

4.6 

3.0 

3.2' 

, 1.0 

\ 

a 
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o 

1 

l ' 

Water and salt (Cobalt J:odized Sodium Chloride) 
\ 

were available at aIl times. ,. 

4. Feeding Pl70gramme 

al Liquid Feeds 
, 

During an initial 6 day peri~ calves vere fed 

whole milk OJlly. This was foliowed by -an adaptation period 

of 3 days (days 7 to 9) during which milk replacer feeding 

superseded whole milk as the liquid diet (Table 5). 

1 The dry milk replacer vas added to water (40oC) 

and mixed wi t1t a piece of wire (shaped in the farm of an 

egg beater) attached ta the motor of an electric drill. 
a 

36 

\ 

AlI liq'uid diets were nipple fed in two equal 

portions: in the mor~g (8:30 a-i.) and.afternoon (3:30 p.m.). 

Calves were veaned abruptly after the 3 or 5 week 

milk repi~cer feeding period. -

, 
b) Dry Concentrates 

After the adaptat~ period, 0.23 kg of grain 
1 "J~ ;' 

mixture was made available to each calf, vi th the amount 
/' 

gra~ually increased up ta a maximum of 1.4 kg per\day. 
" 

The uneaten porti~ of the grain mi.X~ure was weighed and ' 

disc~ded daily. 

c) 
~ -- " Cbopped hay vas -availabl~~t aIl tilDes and the 

", 
"'-" 

~unt consumed: by each calf vas recordèd daily. 
, .. 

, . 

9 

, 

1 
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TABLE S. ~ OF WHOLE MILl< AND MILl< REPLACER FED TO ~CH CALF IN 
THE PRE~WEANING FEEDING PROGRAMME. 

___ period Whole Milk Milk Replacer powder Water Added 
(kg) . (kg) (kg) 

Pre"8X2erimental pro~ramme 
---

Day' l ~ 6 - 2.80 - ~1 

p.4y 1 2.73 G 0.08 0.-68 

----~ 8 1.82 0.15 1.82 
1"' 

Day 9 / 0.91 0.23 -2.73 
\ 

Ex2erimenta1 Programme 
.----' -- , 

Week 1 .. 0.30 2.73 
" 

Weeko 2 0.38 2.73-
.~- -----1.., ca 

W.ek 3 .. 0.53 2.84 

W.ek 4 ,. 0.61 3.30 --- [ . 
Week 5 0.6g " 3.30 

---" 

o 
~ b. 

I!l 

~ .,. 
\ 

--- -- " 
.: 

reme -nte. l' srrt 

c 

w 
...a 

---

'. _. 1 
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. . d) Feed Data 

Collection of experimental data for discussion 

in the thesis;was begun after the adaptation period (days 

7 t~ / 9), hereàf'~er called week i. The trial continued 

throQ.gh weeks' 11 to 12 inclllf!live.· " ~ 
1 

5. ' Weighings 
j 

1 • 

'38 

Each calf was weighed on the fir~ two days ~f week 

1 and the,mean was considered the initial trial weight. 

~ ,Througho~t-the 12 week triài cal~es were weighed on the-same, 
\ ' . 
dayof each week, prior to feeding. They.were a1so weighed 

on the/last ~w'o days o~ the trial and the Mean recorded 

as the "final weight: " <. 
1 , 

~ 

o 

6. Evaluation of Feed Samples 
" 

a) 'Collection of f'e~d ~amPles 0 

) 
Fe~d samplesowere'collected once 

It 

1 / • 

a week in poly-O 

ethylene bags, s~led, and stored at room, temperature. At 
, . \ 

the end of the trial, aIl samples of a particular feed were 

P09led and the compos~ te s~pl~ analYsed. / 

b) Chemical Analys;s . / 

AlI feed/sam~les~were JrOÙnd using a Raymond 
'" 

hamme.r mill fitted...with a l millimeter (ltm) diaiDeter mesh 

'screen. 
? ~ ~ é/. 

Samples vere analy-.~ for (i) ab.olute dry màtter, 
<>, ... 

- " 

" 
1 . . 

, 
"' 

". 

• 



l' .iz ...... ________ .; ______ .. ____ ~ __________________________________________ ~~i~ __ ___ 

.' 

a 

39 
\ 

(; 
l ' ' • 

by the vacuum oven drying method tA.O.A.C."1970); 
, , 

. , 

~ (ii) crude protein ~cèordlng to 'the Kje~dahl method tA.O.A.C., 

1970); (iii) calcium, ~using a unicam! Sp. 90 Atomic Absorption. , 

l' 

, 1 

Spectrophotometer i' and Uv} phosphorus, by the photometrie 

meth?d tA.O.A.C., 1970). 

7. Statistlcal Analyses 

Data were analysed accordi~g'to least squares 
1 

procedures fO~ ,unequa1. subclass numbers (Harvey, 196,0)' using 

the following model: 

Y"k= U+T.-fï;"g,-r<rg)i';;" e"k 1.J ' 1. J Y 1.J 

where Y ijk::: a trait measured on the ijkth calf; U = 
, 

the population Mean; Ti - the effect on the i th milk replacer 

treatment; gj :: the effect of the jth grain treatmenti 

rgij-the interaction èffect of the i th milk repfacer and jth 

grain treatment; and eijk == random error. 

The following parameters w~re a~lysed statistically. 
, , 

weekly: weight gain; daily intakes of milk replacer, hay, 

f grain ; total' daily intake of Idry matter; and total daily 
" l , 

o 

estimated'métabolizable energy (EME); EME per kg-of gaint 

dry matter~intàke per kg of gain; total feed oost; and feed 

cast per kg of gain " __ 
\ -

Significant differences between !Duns at the" 
- / ~ 

p 4. .01" and the p'~ .05 levels were determined by Duncan f 8 
" ... 

New Multiple Range ~st (Steel and Torrie, 1960). 

• , .. 
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8. Feed Cost Analysis 

The costs of feed used in this tria1 are 1iste~ 

in Table 6. It may be noted that the formula for young 

ca1ves (SG>jis 28% more expansive than the formula for 

matura cows (MM). 

j-

TABLE 6. APPROXlMATE FEED COSTS IN TRIAL I (1971) 

Feedstuff 

Fluid Whole -,Milk 
(Manufactbring grade) 

Milk Rèp1acer (powder) 

~Calf Starter-Grower 

Milk-Maker ' ' 

Hay 

\ 

-

;, 

( ~ 
$/Metric Ton 

123.00 

495.00 

126.28 

90.64 

33.00 

-~ ~ 
1 

1 

Ç/kq 

1 
113 • 20 

49.50 

12 • .63 

9.06 

3.30 

• 

. -
/ . 

;>; 

l ' 
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B. RESULTS AND DISCUSSIO, 

1. thelnicai'cO!UPOSi'tion of'F~éds 
'-

Althouqh in the guaranteed analysiè provided by the 
1 

manufacturer the ~rude protein contents Qi milk replacers 

MRI and DII were listed .as having minimum amounts of 24 and 

20t respectively (Table 3), the chemical analysis of a camPfsite 

~ample determined th~ crude protei~ content t~ be o~ly 19 

-"-;-~' percent (Tàble 7). 

1 

1 

The crude protein ~nalysis for the grain mixtures 
'of 

revealed hïgher values than those stipulated in th, guaranteed 

analyses, with star~er SG having a higher content than starfer 

MM (Table 7). 

The protein content of hay was relatively high, 

probably because of the alf~lfa component (Table 7). • 

1 

TABLE 7. CHEMICAL COMPOSITION OF FEEDS (t,. TRIAL 1. 

Feed Dry ~tter protein Ca P 
As Fed • 

'; 1 
Mil~ Replacer 95.3 19'.3 0.80 0.66 

\ .. 
Stari:er .. Grower JSG) 93.2 19.3 0.88 0.76 

Milk-Maker (MM) 1;" 93.5 1].7 0.96 0.42 
<-

Hay 92.6 f2.~ '1.02 0.22 . .. . 
( 

and ,MR~ 1 éomposit~ sampls '?! M1U 

;1' 
r\ 

" 
" 'il" 
" 

~ 

.. 
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2. Animal PerforJoan"e 

al ~ - 5 Week peri~ 1 

/' 

" A summary of ca~f performance during the first fiv~ 

, , 

" 

e 
1 ~ 

weeks of the trial is shown in Table 8. Group II (fed SG mix' 

~d milk replacer for 5 weeks) performed better than Groups l, 
,-; f 

III and IV. It had a higher average daily gain (ID.G) (0.51 kg) 

and the high~st feed efficiency (2.78 kg DM par kJ of gain). 
, ~ \ 

This group wa~ fed milk replacer for a longer period, and wa~ 
1 

fed the better grain mix (without urea) . 
f 

1 

Group IV was next to 

Group II in feed effic~ency, although Group l had a slightly 

higher ADG. Group III had the lowest ADG probably because of 

the shorter period on milk replac~ and the lower quality of the 

grain mixe 

In general the calves fed milk replacer for 5 weeks 

(Groups II and IV) performed better, thou~h not significantly 

~ > .05}, than those fed milk rep~acer tor 3 weeks (Groups l 

and III), probably because of t~e higher intake of mi1k 

replacer. 
1 

A1though the calves fed- 'milk repl~cer for 3 weeks 
1 

tMR3) consumed more grain mix (22.6 kg/calf) than those fed 

milk re~lac.er for 5 weeks (16.6 kg/calf), still the MR3 'F0ups 

had lower total DM and mm intakés (Table 9), because they 

could not consume enou~ grai~ and,hay to compenaat~e 
DM provided by the milk replacer, 

, , 
, \ When the JUltr"iant intakes (DM, CP and Dm) orthe 

'tour treatment 9~OQP. weka compared vith th8 nutrient ~e 
1 ( • - • 

',. 

1 

1 

\ 



.. 

.. 
, 

\ \ \ 

e " 
,~ 

t , 
'!'ABLE 8. CALF PERFORMANCE, 0 - 5 WEEKS. TRIAL 1. 

--
Grain Mix SEl 

Il 

Starter"Grower ~ Milk-Maker 

Wéeks on KR--
1 

3 5 3 5 -
Groups l II III IV 

---
No.. of Animals 8 7 8 ~ 

'; Av .. Initial Wt (kg) .. 51.4 51.'0 51.0 51.9 4.2 

Av. 5 Week Wt (kg) 

A.D.G. (kg) 

Total Feed Intake (kg/ca1f)-
1 

M±lk Replacer (powder) 

Hay -

Grain,Mix 

Total Av. Da11y DM Intake (kg) 

Feed Efficiency (kg.bM/kg~gain) 
f 

~ 

67.4-

0.45 

10.8 

10.6 

21.3 

1.14 
-- - 1 

3.57 

68.8 63.3 67.2 6.4 

0.51 0.35 0.44 0.10 

21.6 10.6 21.6 0.1 

11. 0 6 .. 9 10.6 3.9 

17.0 23.9 16.1 5.0 

1.33 1.11 1.30 0.07 

2.78 3.46 3.07 0.87 

l' Approximation of stan~ error (SE) of the Mean. In this-table, as well as in 
al1 others of simi1ar format, on1y the significant«p~.Oll· or (P ~.05~ , 
differences among. means ~e indicated by different super~cripts (A,B,C or a,b,'c 
respective1y) within a given 1ine. Absence of 1etters should be interpreted as 
lack of significanee (P>. 05)-. 
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requirement.'s reçgmmended by NRC IU971), estimated DM intakes 

" were lower (Table 9). Only t.wo groups (.II and IV) apparent.ly 

met the toi1 protein and ME intaltes set ~"the NRC standards 

(Table 9). 

TABLE 9. 
\ 

DAILY DRY MATTER P>M), PRO'l'EIN AND ENERGY (EME) 
INTAKES OF CALVES (0 - 5 WEEKS, 'T!IAL 1) AS A 
PERCENTAGE OF NRC RECOMMENDATIONS. 

-.. .. ~ 
Group Wks on MR Grain Mix· ... DM3 Protein3 

l 3 

II 5 

III 3 

IV • 5 

SG 78.6 

SG 92.9 

MM 84.6 

MM 92.9 

98 12 

114.1 

102.$ 

108.7 

, 

89.5 

113.2 

97.1 

110.5 

1* The Mean "value between the average initial and average 5 
week weight was used. 

·2* The NRC ralues were determined by assuming linearity between 
40 - 100 kg for growing ~ul1s of large dairy breeds (NRC, 
1971). . 

~* DM and Protein values were obtained as fol1ows: 

Feed int.ak1 X ~ercentage composition 

was calcu1ated by using_the following formula: 

EME = 0 .. 82 DE (Crampton and Harris, 1969) 
• la. • 

DE was obtained fram ihe manufacturers for the mi1k re­
placers and grain·mixfures. Por hay, values of NRC (1971) 
were used. 

" * These methods were used throughout the text. 
... 
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It was shawn in Table 19 ~at calves on ~i1k repla~er 

for 5 weeks had a relatively greater DM intake than those on~ 
1 

milk repl~cer for 3 weeks. rt is poaâible that those calves 

on milk replacer for 3 weeka vere not able to campensate tn 
théir total DM intake by increasing intake of solid feed. This 

is in keeping with the conclusion~ of Radostits ~nd Bell (1970), 

that milk replacer plays an important part in tne DM intake 

of pre-ruminant calves. 
, 1 

The energy requirements of the pre-ruminant calf 

are not weIl established. Several workers (Blaxter and 

Wood, 1951i Brisson et aZ ., 1957; Bryant et aZ., 1967) have 
\ 

estimated that the pre-ruminant calf requires 36.6, 39.5 

and up to 42.9 kilocalories (Keal) of metabo1izab1e energy 

(ME) per kg body weight per day; Thése workers aiso found 

that calves g~owing ~ about 0.5 kg per day require.addition­

ally be~een 1.1 and 1.5 megacalories (Meal) of ME. There­

fore a 60 kg calf'growing at about IO~5 k: dai1y neeàs~~ total 

Meal of ME o,f about 3.3 ta 4.1 per day. AIl groups exdept ' 
" 

~roup 1 apparent1y consumed adequate feed to supply a~ least 

the minimum reauirement,of ME "in. the firet 5 weeks. 
'f" 1 / 

Digestible protein 18 very imPortant in ~e nutriti~n 

of pre-rumi~ating calves. Jacobson {19691 e~r1zed the 
" 

exi~t+ng information concerninq the ~igest~le protein re- ! 
quirements of a 50 kg non-ruminat.ing calf. Be quotes an 

average value of 113 gm of digest.ible prot.ein par day for 

maintenance plU:- a 4ai1y, gain of 0.5 kg.. In t:he present. trial, 
, • 0 

- at 1east ~ total o~~ ,~ro~1n' intake seeme4 ,4éqÜate 
- ~ ~ .,' , <.;1 " . 

, Î ~\ '. 
" , 

\,1 t, 1 

- ' 

\ 

1 



1. 

- ( 

compared ~i th the !me re~amm~ed requirements wi th -,the 

possible excep~ioD of Group l trahle 9). ~ever, sinée no 

digestibility stud!es were 'carried out, there is no value 

1 

for the amount of protein actually digested. It is known 

that properly processed miik protein/is well digested by the 

pre-ruminant calf. The milk replacers used in this tr~al 
. -

presumably contained only milk proteins, hence the crude 

protein obtained from ·this source: ,could be readily digested. 

After the first week or·two of the trial the non-

ruminating calves began to nibble,at hay and grain mix. By 

this time th~ rumen presumably had started to function and a 

fair proportion of the protein utilized would be obtained 

from bay and grain. 

U6 - 18%) compared 

The protein supplieq by hay w~s sma~~/ 
l ' l ' 

ta the milk replacer 1~25 - 50%) a~ the 
l ' 

grain mixture (35 - 55 percent.). r-

46 

Calves fed. mill replacer for 5iweeks (MRS) qr~ 

better though not significantly (p > .05) than calves fed milk 
f 1 

replacer for 3 weeks .~3); also the ~Icalves utilized total 
( 

DM slightly more efficiently C1able 10). The possible reason8 

for the apparently bet't.er perfopnance of the MaS calves are: 
1 

U) the long~r perioâ on mill replac~'rJ ne! (2) the! utilized 

the liquid portion of the diet as -ma astrie.·, and it i8 1 
kDown that pre-ruminants are ~re etfiC~8Dt in uti1izing' 

both 4ietary protein and energy lof lictu1d dieu tban ruminants 

of similar weigbt (Black, 1971). ! \. 

.\ 
, \ 

! 

/ 

1 
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/ 
1 

J 

It is also indicated in Table io that while the 

feed efficiency for SG calves and HM calves vere apparently 
, Il , 

similarl, SG calves grew bei;ter,: though not significalïtly 

. (P > .05), tban ~ calves. 1 TwQ possible reasons _may explain 
~ 

this: (1) the protein content of the SG mix was higher 

(Table 7) ~ and (2) the MM mix contained urea which ls not 

utilized by non-rumi~ating calves (NRC, 1971). ( 

The diets fed to calves on this t~ial had ad~uate 

amounts of calcium and phosphorus when compared to ne .. 

standards. ( 
/ 

/ , , 
TABLE 10'. LEAST SQUARE ESTIMATES OP TREA'l'MENT DIFFERENCES 

IN WEIGBT GAIN (KG) AND PEED EPFICIENCY (KG .DM/ 
KG.GAIN) ~ 0-5 WEEKS. TRIAL l 

) 

Treatment Estimated 
Variable \ Differe~ce Values 

. 1 

Weighi; gain MR~ - MR33 2.38 tfS4 
-1 

• SG5 _ 'MM.6 
3.12 NS 

/' 

Feed ~efficiency MR5 .. Mil -:0.58 IfS',--
/ 

/ 

• 

l SE 
2 MaS 
3 MR3 
.. NS,' 
S SG 
fi MM', 

/ 
/ 

SG -JOl -0.09 WS 

'\ 
~ppro:ümation of -.taDdard·~or of the me&D. 
I~ilk replacer fed for 5 wa • .-
Milk replacer fad ~or 3 weelts ' 

, tfot. significant CP!,.. 05) 
Starter"'Grower 
Milk-Maker 

SEI 

2.2,3 

2.23 

0.50 

O.SÔ 

,; 

, 1 
B.8. The 8:b.ove ~breviat.ions U - ,) are-used tbroughout 

the, -'t 1:ft tables of' similar ~ormat ::teTable 10. 

1 1 

/ 
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=.,~ average performance of calves fram ~ 6th to l2th 

,- \'eek o~ the trial is shawn in Table ll.~ AS in ,the firs~ '~ 
peri~, the cal)l:es fed SG and mil.k replacer f'lr 5 weeks 

(Group II) had_ thE! highest _~ate of gain. Although it did 

· n0t: differ significantl.y (P > .05) fram Groups I and IV, Group 

III {calves féd MM.and milk replacer for 3 weèks'- was the only 

one that bad a significantl.y (P L... *·~5) lower ADG. Total feed 

efficiertcy was stm!lar except for GrOup!I which had a signi­

ficant1y CP <. .05) ~ower efficiency _ than Groups II and IV. 

1 

OVera11., calves which had been fed mi1k teplacer for 

5 weeks perfo~ better tban c~lves fed milk replacer for 3 

weeks. Peed ef~icieDCy and weight gain were siqnificantly 

(P ~ .05) better with these calves' (Table 12). 1"10 questions , 

arise: 01,. Is the ~ddi tional cost of feeding milk replacer 
,\ • ,. __ .a __ 

for two more weeks justifiable?~) Will the cu~ls fee! 
.(}-

milk replacer fo~ only 3 weeks c~~sate in perpfo~ce 
1a~ in l.ife? ,An attempt vll1 be made ta answer these 

questions later. . 
- 1 

Group II tended to per~OJ:JD bette%' tban a11 the 
, . ' 

otbèr groupiJ in tbe 6 te 12 weeks, period ('table 11). The 

• .11 

\ 
- ~ 

nutrient intâke o~' this ,group d~i~g the f~r.t ~ y~s of the 

trial c~ared fav1rab1Y ~~~ the lIBC
Q 
recommeDded r~r_Dts 

.' . \ 
(ftble 91. It is be1ieYed, that the bigber nUtt;ieDt intake oC 

, c 

Group II in +:.1:he earlier pttriod mayff he partJ,ally r.apoiul~le 
..... _ ' )'0 /' 

for its .1ightly bet~'p~fO~. iD 'the 6 to .. 12 veeJc period. 

... 
", 
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T~ 11. CALF PERFORMANCE,~ 6 ~ 12 WEEKS. TRIAL 1. 
" - l ,-. . 

) ) 

Gra~~ M'h ", Stnter~Gro'Wer ~ Milk .. Maker SE 

Weeka on !IR '3 S 3 /S - -
1 

Gro~s .... . ,J t~ II1-~ IV---
No. of Aiilmala 8 

. 
7 8 8 

." 
'il " 'l - 68.8 Av. 5 vaek wt ()çg) • 67,. 4 63.3 67.2 6.4 

J 

Av. 12 week-w-t (kg) - 96.8 103.2 89.2 100.3 8.8 • -

A.D.li. (kg) 0.60ab 0.70a 0.53b 0.68a 0.07 
a 

-
Total PH4 .,Intake -(kg/calf) " ' ----' '- ~ 

63.0 67.0 'l> 40.2 60.7 12.7 ,- Ray- '----l 
., 

,/ 

.: Grain Mh 66.5 66.0 66.0 64.9 1.3 
-~~ 

Total Av. Dàl-l.y DM lnt.~e lkez) 1 - 2.46 2.53 __ 2.02 2.39 0.12 
• -, 1-

" 

-
,l'ead Bfficiency (kg :îiM1kg • gain) " 4.13a 3.60b ab . b 3.85 ,~3.S8. 0.25--

" 1 ~ _ - ! ~ 

..... ,b,c Rean ~a~;e~ With(dif~rent superseripts/in the same r~w differed ~ignifi­
cantly (P < ~OS) ._~ 

.-
" 

" 

--
--~ 

wae:SJ1$QU laa, a e _ .,. 

o ... 

--.:. 

.. 
\0 

.~ 

r: ,-

:-: 
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TABLE 12. 

Variab1.e . . 

'Weight gain 

• 

, 
'\ 

/ 

( 

LEAST SQuARE! ESTIMADS Oi' 1'lŒATMEHT nD'F.EluœCEs 
IN WEIGB1' GAIN °OtGl AND .FEED EF!'ICUNCY 

, (KG.DJVKG.GADTl # 6 - 1.2 WEEKS. TRIAL 1. ' 
, . 

1 t.-/ ~ 

Treatment Estimated 
Difference Val.ues SE 

~ 

MRS - MIO 6.19~· 01.90 
. . 

SG -MM 2.39 . 1.90 
~ 

50 

Peed efficien~ MaS -"MR3~ 0/ -0~40* o .l.I5 
b 

• SG ,- MM 0.15 0 .. 1.5 

\ .::~ 
1 The average da:i!~. nutrient. intakes (DM' and ME) of aIl 

fo. groups seemè4 fa'vorahle vben compared vi th BRC "recommen..d 
~ - -, 

dations' (TaJj1e 13). . Bowever, Group III had a lower protein 
, . 

j .1 

.iD~, tIran the other. ~~ groups~ ~i8 may' bel~ ~ e~1a~ 
the poor ,growth performance of the group- (Table ~1). The low 

, l' ' 
prQi;e~D ~}ltâke of Group Z]I is associated vith a 1.ow ~y _ 

, ~ 

. int:ake. by t:he group 'R<Tab1è 11) ~ . - 0 "' 

. " ' . \' ~ , i ... ~ J~ is'~ that ear~y ~,~ve.:.~be 
iDt:r04uee4 to goo4 quality My an(1 a 9004; calf starter ration 

~ ~ "" \ ft 

Jas' ~ly aa pO.sible (Roy, 19'Oa; ,poley et a"Z;, 1973; 

,~t.i4t ua v~ Vleck, 19,'.' ~ A1though 80118 aui:bor~ are of 

the opUû'on tJJt the CaU staJ:ter ,bou14 contaiD over 16~ .CP 
, ' ~ ,. \ 
wit:b tot:a1. 4'igut:iblè nut:.r:iêDu',o (mJI) of 751 (Poley et a Z. , 

. /' 

r _ 

, ./ 
J ' 

/ 

JI 

l , 
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TABLE 13. 

'l: 

Ii 

III 

IV, \ 

• . 
oQ 

, 

1 , 

l ' 

DAILY DM, ,.RoTEIN AND EME nmUcËs OF CA:L~Sl. 
(.6 - 12 1IBEKS, 1RIALl'I l AS A P~GE OF 
De RECaoŒIIIDATIOl!lS.' " 

'. . 
DMl , p~oieiDl EME1 Grain His 

\Of 

3· SG 104.2 : .111.7 103.3 
. 

5 • Tf SG . 96 .. 2 108.9 98.5, ., ',-- - . 
·3 HM 90.9 • 68.4 9'./2 , 

" 5 MM 96 .. 0 100.5 _ 96.8 
• 

51 

. 

4, ~or aerivati~n O~ ~lues used. " ' 
1 See t Tab1e 9, ,r . , 

. ' 

1973'1 ",Sc:~t a114 v tbe;'e i~ ~ ~l:t~t.Y 

~s to. the ~ . t eac~ c~f 'SbouId be a110wed to i=orrsUlM! 
per day. Xn this tllia e ch. calf vas 1imi ted ta 1.4 kg of grain 

') ( . , 
lIlisture per dAy, becaU8~ .it:,lIAs' est.ima~ that this amoant., tri 

1 .. .0 Ir'"',~ 0 • 

addition ta 9004 ~~~ ha ailable free choiee, would ')v' , 

'!prOV!de ~ calf ,vith 1 b nu ieau' to ga1D up to ct: 5 kq 0 

• , ,,1 ' .. 

Il • 

par day.' JJDwter, ~ cal ~! in 'GroUp JII vere UDab.1e, fa: ,SOM 

~easOD, te: ~~ bay aD4 .. they vere offered ies-
- ~ \ q 

tricte4 aaount.s C1f entrates they 4~ ,DOt. ~ '1 
.uffici~t tor1 pro 

'their si9lÛficanUy 

, . i 

,-{ \ 
1 ? . , 

4 . 
'If .. 

1 
1 . 
1 

• 

in (Table 13). Thie wu reflected in 
• 1 • 

lover ra~ of.ga.in (Table 11'): 
. , ... 

. 
G " ~ . 
\ 
. 

• , 
.. 

1 

" ,. 

u' 

-

0 

, . 

\" , 

" 
,c, 

J .-
-, , 

. ... 
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. 
l, , 

e) averal'l Per.tod (0 ... 12 ()' 

The overa1i performance of cal. .a during the twelve 
1 

1. 1 

,we.ka of. ,the trial is shown in Table 14.,[ Thi. ~ble repre- .:' . 

aent8'·~he average adcSitive',eftect. of t'e o,to 5 and 6 te 12 week. 
,/. • "'.--,. l ,1 0 ~ 

perio,ds, . Group II ~~d a "ignifican~1y PL... 05) ~bett.r t.ed 

etficienoy (DWunit· gain) than Group. l and III, alightly 

bèttwr ADG tha~ Grb~p. l a~ IV, buto 

.. gnifioant1y (P~.O~) 
b~tt.r iADG ~an ~roup ;11," Calv.s fedlm1lk ~.Pl.~.r for 5 

fit we~k. 9'.z:ew .ignif~cantly (P..( • 05)~ mote arus wereJ more efficient 

c' 

~ . , 
in the utili~ation of feed DM than tho •• led milk replacer for 

3 W~.k~ aa .~own in T~~le 15. 
1 

When the conoentrate or ,tart_r effects are ana1yzed 
1 - ,-J ~ ~ .:1 o 0 

independently it il seen that t~e anilnf~a tad .tart.r SG 

showed • bGtter .pertormance (waight gain) than tho.e lad. ~tarter 

MM, a1thougK thi. difterance i.' not .ignif~c~nt (~> .05) 

. '(Table 15). Thi. oan be ~ttr1buted t~ the fact t~at bath 
. '~ 

grain mixt~re. containea apparent1y an ad~uate minimum of. 
- .' 
nutrients (Table 7) and wer~ tad' only in limit~d guantitie. 

, (1.4 kg ,per oa1f per ~ay). 

Th. nut~ient intak •• ~or al1 other 9roUP' éx~ept 

Group IIX
I cSurin~( the '~J.'alIW.re "rea~onable oomp~re4 to the 

, , ~ 

NRe recommendation. (l'able. 9 and ~3). DM inuke wa., gen.rally: 

low " anc.1-:p%'otein and ~ in~k~. ,er. marginal. or~p III 

ha4 a'low.%' than'recommende4 protein ~ntak. and thi.' wa. 
l, _ 

_... l 1 

probably re.pon.1bl. for it. .1ower growth rate 'T~ble 11 
. / 

an4 ri,ute l 1) • -

. , 
, ," , 

, 
1 

1 

/ 

: 

.. 
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CAU" p~, Q ~ 12 "mm,. .J '", 

BBLE 14. 

Grain Ki.x 
-

Weeks on MR -Groups , . 
Ho'~ of biaals 

Av. Initial 1ft (kg) 

Av. 12 week -1ft (kg) 

Ao.D.G. (kg) 

~tèù hed :Intàk'e (kg/œlf) 

Milk replacer (powder) 

llay 

Grain Mix 
---'----

~~ Av. ~Dai4--DM Intake (kg) 
, 

F~ Efficiency (ltq "mvkq· gain) 

TIaAL X .' '-

It 6 

SE • starter-Grover Milk-Maker 

l 

I 

e 

51.4 

96 .. 8 

0 .. S4ab 

10 .. 8 

73 .. 6-' 

87 .. 7 

1.91 

3.S9a 

~ 

5 

II 

,.( 7 
" 

-
51.0 

103.2 

'\ 

3 

III 

8 

51.0 

89 .. 2 

o..62a 0.4Sb 

~u 

--- 21.6 10..6 

'~7.l 

90..2 

1.64 

b-

78.0. 

83.0. 

2.0.2 

3.26b 3-.6S& 

5 

:IV 

8 

51.9-

100.3 

--------

4.2 

--8-.8 ~ 

O.S8ab 0.07 

.\ 

2lt.6 

71.3 

80 .. 9 

1 .. 93 

" 

0.1 

1(».1 

5.9 

0.18 

ab 3.37 0.18 

.• ,b Reans vith different superscriptso in the same rov differed significantly 
(P L .0.5). -'r 

" 

- ~ 

-G , . 

'--

" "-~ 

" 

./ 
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* p L.. .05 
'\ 

t Fe r 
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( 

1 
, , 

\ LEAST SOU~ E8!~!ZS or TREATMENT DIF?ERENCES 
IN dXGHT GAIN O<Gl AND ,EED EFFXCIENCY UCG.oM! ' 
KG • GAIN11 0 .. 12 ~KS. TRIAL X. -

\** p..(, .01 
1 

1 

3. Calf Health 

Incidence of scours and antibiotic treatmenta are 

lummarized in Table 16. Scourinq only occurred in the fir.l 
-

5 .week period and Group II (fad SG plul •• for' 5 w.ak.)was mo.t 
. , ------

·affe~ted. 1 rifty percent of t~e calvel i~ thil group scoured 

compared te 25~ in the otber 9roup •• ~ The frequency of 

Icourid'O wal low, probably becaule the calv~. vare treated 

prOlDptly, lt' il b'lievecS tbat '~h~' loourJ.nq wa~' main* 
nutri~i~nal, .1thou~h the pollibil~ty'of bac.arial Icouring 

" ' .l' 

~a. not entirely rule4 out, 2JS~fur -A" an4 œerraaycin 
. ! 

t&bletl t-aa appan41x ~able 1 lware vary effective aqain.t . .' 

loourJ.nq. 

l 
( 

) / 

" 
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!l'ABLE 16 .. lNClDENCE OF \ SCOURS AND cimATl'ft: TAàLftS USED .. TRIAL 1 .. 

, 

fi 

Group 

I: 

II 
--------

III 

:IV 

----

aY. of Ca~ves 
-----

~ -
of' .• ' 

. ~"~-"J 

8 

7 

8 

8 

-,' ... (' 
'- ~~ 

, , 

No.. of Calves 
Sëoured 

.~ "" 

2' 

" 
2 

-2 

~ 

" 

,. 

1 _Frequency 

--

2.0 

2 .. 5 

3.0 

1 .. 5 

"" 
'----.....1. Prèquency =- NU~..r of ti.mes one calf scoured .. 

. , 

.. -

\ 

'~ 
-----..... 

\ 

---

..J -
€,i 

1 
\ 

• 

, " 'rablets Used 
fit~A:~·~- DramyC1n 

-

" .. 

... 

7 

-9 

7 

3 

~ 

, . 

e 

.--

UII 
0\ 

) 

---

1-"1 

-

.. 
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. ! 
" n~e,r of calve. su(fere4 fz0J4 JOil4 thrf'at 

infections, alight couqha q4 ru~inq noetrtle, but most of 

" thea. aymptome c1earad up atter a&œiniatrat~on of antibio~c. . 

(.2 .. 4 cc ot 'enicillin Gt, Howeve~, about 3 or " calves 

from ~if,er.n~ groups had\ to he" 9i ven other me4icat,ions. . 

b.sides peni~il1in.! calf n;' ~ in Group III bad an inf1amed 

throat and bad ta be treated vith flumetha'zone. Two other 
1 

calves, no. 16 in Group III and no. 11 in ~roup l, bad slight " , 
attacks of'pneumonia, probab1y bacterial in'~'gin. 'They vere 

1 

treated vith large -dole. ot su1famethazine and amaller 40ses ! 

l 

o~ ch10ramphenicol (Rogar-.mycine). The amounts ot ântibiotic ,. 

lolutions a~ I~ouring table ta ueee! fn Tri.1 lare Ihown in 
Appendix Table II~and Table 16 respective1y. 

'l'he mo~~li ty in thie trial waa lL. Only on~ calf 

(no. 15) in Group II die4 b.'oze the end ot the 0 - 5 v.ek ~ 

period trom ba~terial pneumonia. Thts calt scoured protusely 

when -1 t vas put on trial -and bad poor heal ~ up to the tilDe 
\ 1 • 

it 4ied. Ther.to~e,~th. 4ata 'rom thil animal_".·~ Uhid 

in the cal~ulations. How~~r, ,no group lutfer" any ma~o~ 

bealth •• tback attribut~1e-to di.ta or fe~ing r.qime • . ;/ . 
/ 1 

1 

4. '.ad Cost 

.' . / Jacobson (1969) aJ1d 00rri11 (1"2) stated that the 

replacemant/éalf ,ia ex~ét~ ~ have a 4.i1y v.ifbt ,ain ~f 
;about 0.5 kt. Thi. IU99 •• J •. t~t it will be f~ 11.ÏDite4 
J' " 

JU.tlk or aille .ubltitut. and calf .tet.r., and maximum bay. 
l, .. 

, 

'. . 

1 

/ 
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( 1 

~ The fee4ing system used in W. trial val 4esi~ed te JDi.nhsize 
, \ 

1 1 
1 

1 

COlt in a feeding system for ~epl~caent calvas. " 
1 

In the overa11 period, it is shown in Table 17 tbat 

calv .. fad millt replacer for 5 weeks had higber total> tee4' 

~cost',p.r calf pt about f5 .. 58.. A1.o calves fad SG mixture 
- - , 

bac! an increa.ed' feed cost~ of $4.15 over éa1ve. ted MM 

mixture. However, when eost. are aspree.ad on' a per unit 
l ' 

ot gain basis, the difterances \becOJlle ins19nifie~t ~(P > .05)' 

Wab1e 17). Group II -had a total fee4 co.t signiticantly 
, , . , 

cP ~ .01) higber than all the other group., while Group III 

had a total teea cost signifieant1y CP' 401) lower than the 

other. (1'ab1e ~8). One queltion Imult: still he anawerais ! 
1. the ~tra co~t per calf in Group II j~atif1able ~or 1 

rail1ng 4airy bull calves to~ t:1Je feed1ot~ An atteàlp~ will 
- 1 

be made-to anewer thie queation in the .~ry ~f Trial l, 
/ .. . 1 

'l'.LE 17 ~ LEAS'1' SQUARE ESTlMATES OP TuATMEN'l' I)~'PBRINCES 
lM TOTAL PEED COS'1'S (~) Atm PEID COST Pla 0111'1' 
GAIR (~/k9) IN 'l'RIAL 1. 
\ 1 

'l'r •• tment Total < 

,'eriod Difference ( Peed co.t SE Pel: Unit Gain 

w.ëK Ai5 ... Rll 508.52*' 2.95 

1 

.SE 

0-5 J 

fJ\ 1 
37.92 18.55 

SG -MM 81.71* 6.50 

w •• " MaS - Ma3 49.$,9 5.25** " 
6-12 .. 

/ .BG - MM. 333 .. 63** 8.31** 

W •• " .5 - Ma3 558.4~** 2.75 
.0-12 

Bd -MM 415,3,"** 3 .. 58 , ' 'Z .05 
<, 

•• '" .01 • 

.. 

, . 
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" DBLE 18 .. CALF FEED, COST. 

Grain Kix' 

Weeks on MR 

Group 1 

, 

• 1 

- ) -

~d Cost ($). 0-5 1feeks 
'" 

Total Fel/calf 

PC/kg gai1l2 
,1 

Peed Cost ($). 6-12 1feeks 
" 

~tal PC/calf ' 

FC/kg gain 

Feed Cost ($). 0-12 Weelts 

Total PC/calf 

PC/kg gain 't 

1 PC - Feed Co st 

Il 

TRIAL 1. 

Startex-GroWer 

3 5 

:r II 

9~00B 14 .. 02A 

0 .. 91 0~85 

-12 .. osA l2 .. l8A,. 

, 0 .. 42"- 0 .. 3~ 

2l .. osa 2~ .. 20A 

0 .. 48 0 .. 51 
" 

.. ~ 

'" 

Hilk-Malter 

3 

III 

8.13B 

0.76 

i:J7B 

o. 33BC 

16 .. S0C 

0 .. ·14 

5 

IV 

1.3 .. 2~ 

0.94 

9 .. 218 

0 .. 28C 

22 .. 478 

0 .. 48 

~ 

--------

SE 

0 .. 66 

0 .. 32 

0.68 

0 .. 03 

" . 
1 .. 25 

_0 .. 04 

2 PC/kg gain mentioJled in thi.s table and others of simi1àr format lias calc\lla~ed for 
eacb. indi vidual animal in a group and then the average -for "the group "as_ found (aee_ 
Appendix Tables V to ~II) , -'". 

A.8.C Means ll'ith differe~t superscripts ~n the Saille roll differed significanUy 
(P < .. Ol) .. .". 

11 • 
l 

M-

-j 

1 

1 

= ! 
, 1 

i 
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c. su-,U-, 01' TRIAL 1. . 1 

'As indicated in Table 14,~.ADG in 'Group III vu 1 , 

siqnifican~ly cP 4t.. .051 lower than that of.,. Group XI, but 

not the other qroups. The anticipated ADG vas 0.5 kg an4, 

wi th the. exception of Group I~I, a1l other qroupa achieved 
, 1 f 

th1. 1evel of performance._ As stated ear11er, Group Il bad 

a siqnificant1y (9~ .05) better fee4 etficiency than Groups l , 
- , 

'and Ill. On performance a1one, Group II vas better than Any 
o • 

other group. 
-! 

1 Alt:h~uqh thet'e vere aome health probleu, no qroup 
. 

can be sinqled out as being vorst than Any other. In Group II 
. . . 

more calves scoured than in AnY other group, but Group III 

had a greater frequeney. MOre medications werè administer.ed 

to Group III than ta Any other group (Appendix Table II). In 
\ , \ . t··1 . 

terms of veterinary expense, Group II had the lowest, -fo1lowe4 

by Group IV, then Gro~p 1. It is possible tbat th~ hiqher 

qua lit Y and quantity of nutrients ma4e availab1e to Group II 

d at- an e~rlY aJe produced hea1;hy calves vhich n~eded lesa 
• / ~ /1 , 

me4icationa than the calves of t~ other groups. The calf 
i 1 

lost tram Group II va. not considered as part of the,group 

becau.e o~ it.~unhealthy condition when ~t entere4 the group. 

Grou~ III hac! the lawe.t total teéd c~.t ~ (~able. 18), 

but thi. gr~p also hac! an ADG ie •• than O.S~kg (Table 14) 
, "\ - .. . ' 

which 1a con.idere,? inadequate ''\ Group ~I hacS the. high •• t 
. 

ADG and ~he hiqheat leecS ellici.ney, but it a1so ha4 the hiqheat 
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1 

• 1 
total fèe4 coat C.1gn1fic:~tly Cl' L • 01) h!gher tban the other 

9Tou~.) 1 and fe~-coat Peli unit gain, ; Bowever, sinee the AD(; 
• ." ~4 

of Gr~up II vas not"aign~"fic~tlY (P > ~'~5) b~tter ~ the 

ADG·of Groupa ~ and Iv~~ fee4 effleieney vas Dot sigDi­

ficantly CP > ~ 0'5
f
) '~i er than that of Grôup IV f;. (T~ble 14) 1 / 

. ~ 
the perfo~nce of Group Il 414 not justify the feé4 'expenae. 

1 • 

. When ADG and total fee4 -co.'ta were considered . 
1 • ' 

toqether, Groups l and nt, were the best. 80th 9'x:oup. may 

therefore be use4 as example."to,tbe larmer. He could éither , 
/' 

use a shortsr liquid fee4ing p~ri04 (3.veeks) vith a -better-

and more expensive calf' starter (~roup,~,; or. feed milk replacer 

for a longer period (5 week.) 'with a ·poorer H and, 1 ••• ~en.iv~ 

calf Bta~ter (Group IV) # Under bath 'conditions the farmer may 

expect similar per.formance (ADG) and similar total fe_d costs. 
" ) 

"-

The cverall teed cost n8ede4 to raise a calf from , , 

\ about 52.0,kg to about 100.0 kg va8,'21.05 and '22.47 in 

Groups l'and IV re.pectively (Table 18). This i. in keepinq 
\ . 

vith ,the fiD4ings/of porre.' a114 Lister,' (1970) who estilllated . 

that fee4 cost. sbould J;)e 18\ than, '25.40 te rai._ Boistain 

steer calv.s'ta th~s weiqht. . , 

1 
" 

, . - ' 

1 

/ " 

, j 
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V. 'l'RXAL II ~ .. 
~ 

f 
1 

! 
1'. Jfanaqement . ' 

Thirty-.tx Hol.tein bull calves ~ere purchased at , 

local auction. or from the Macdonald College farm in Mly . 
1972. They vere about one week 014 on azrival, vith an 

\ 
,> average bo4y lIe1ght of 52 kilogr~ (kg) .. \ '!'he calves vere 

~ 

numbered and, a. a preventitive measure, were injected with ~ . 
l' , 0 

antibiotic. (200,000 Internati~nal Units (lU) ~niCi~11n 
-

each) for 3 c.onsecutive days. On the fourth ~y each c~lf 

vas injecte4 with vitamins (Vitamin A 1,000,000 lU, viialutn 

d3 -100,000 lU, vitamin 2 100 lU). 1 / 

! 
Par the .tir.t'·week cialves vere bouse4 in' an arena. 

, , , 
2hen, for the remaining 11 week. o~ the trial, they vere 

~ , 

tra~ferred te pans .. imilar te thos. u.ed in Trial 1.. Pans 
• # 

,were cleane4 and be4de4 vith wood .havings every 4ay • 
.., - , 

'\ ~.. 1 .. 
Light vas provi4ed'for approximately 8 beur. per 

_ _ () / t 

4&y rand the temperature va., contre,lled in a range of lB ta .. I~ 
24 degr, •• centigrade-. 

! 
1 
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~I 

• 1 
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, 1 

2.' Ex~er'iJDen1:.a1 D~.iqn 
The tria1- và. coD4ucte4 in a ma~r .~lar te 

, \ 

(Table 16', using the.~ type ot design (Table 19). 
. \ \ ' 

Trial 1 

\ " 

TABLE 19. 
.. 

" 

Length o~ Milk 
Replacer} 1 

" Feeding (Wks) 

Type of Grain Mixture 

3 ,3(I}4 

, (II)' 0 

\ 
-

1 Weeks on trial 

2 SG s Starter-Gr~~; MM s -Milk-Mabr" , 

3 ~~r ot/calves 

4 Group number 

\ 

,~ \ .... , 
{ 

1 

c 

9(1:%1) 

9 (IV) 

1 

" 

63 
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3. lIatiou : '/ ., 
, 

, ! .. 
'. , ! 

l'rœa the first 4&1 01' tbe uta1 te weaJÛDg', ca1v.s 

wera'l t., a ,,,œ.;,,.cia1 .tlk. replac* cOnt&Wng 211 cru4. 
• ' 1. " ,. 

proUin (CP) aD4 ., ether extract. (BB"(.Tabl:. 20). ' 

~ grain JD1xtuz~. oltered w •• ~la1l:" te tho.e 

u'a4 in 1%ia1 1. 

\ 

Bay 1 coàapose4 _iJlly of Alfalfa ~ !'1mothy species 
, 1 

J" 

U s 3 r.spact!v.ly) 1 va. cb0ppe4 tO a 1~th of about 3 
, < . , . 

centJ.aeter. (cm.) ad fè4 to the ca1v.s ad Z-lb-ltum .from the 
, 

fir.t veek ol ~ trial. 

o' Mat.er and salt. (eobalt. Iodized Sodium Ch~ri4e) 

1Iere available at al1 u.e •. 

TABLE 20. 

~. l ' 

GUA1WITEED AlIIALYSlS /0, cAti MIU REPLACBR1 
DSm IR DUL 11-. ~., -

',~ 

Cru4e protein (Minimum) ~(t) 
Cru4. Fat (Minimum) (t, 
Cru4e Fibre (MaxJJmsm) CI) 

21.0 
8.0 , 

Sodium chlori4e (t, -
Calcium ,t,. 
Phosphons (1) 
Vitamin A (HiJÜJDum 'lU/lb) 

1 Oxytetracyclin. Hydrochloride (mg/lb) 

1 Lactone lReg, 110. 1433 - Ma.tt.r J'Nd., ou ... 
:~~ \ 

1 

, 1.5 
3.0 
1~0 
1.0 

'10,000 -
50- 'f 

',. Il 

) , 

I~I 

'" 
" 
rl 
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" 

4. 
PC-' 

( 
11 

" 

, . ~he milk eeding progr~ \~1f9ht~Y modifié 

frODÏ ~t reCOJllD8~ by the JlaDufacturer~) i. .~n ~n, 

o ~bl. 19. -A. ln' Tr1.-1 l, .. the '1iquid 4J.et tllA8 Dipple fe4 .. _ 

"in two ~1 perti~, in the mOrninq (SslO .-J'and afternoOft 4 

'1 ~ 
(3s30 pm). 1 

1 

1 -

J)AIL~ AMOUHTS av HIUt REPLACER l'BD ,ml RR CALF). . TIti II. .' 1 

TABLE 21. 

period 

Day. 1 "1 0.18 1.64 

Day 2 .,. , 0.23" 2.09 , ' , 
Day 3 ... 

, .0.27 l' 2.45 
,,, 

. ,- Day 4 0.32 - 2.91 '! 
0 . 

Day S 0.36 3.27 

Day 6 0.·41 3.73 
. " 

Day 7 , 

1 Week 2.- S 

'. 0.45 4.09 
"- 0.45 ( , 4,,09 . 

"Jil 
,r- ____ , 

v 
" 

! ' 
, \ 

) 

'f 
l~ , t 

. , 

, . 
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ti) Dry! Conoenerate. 

Tho grAin mixture WA' ineroduoed ta the oAlve. . ... 
4pprok~4toly ono w.ek'After arrival, at the rate ot 0.23 

kg p.r daYI and wa. 9rad~11Y inor.a.ed up to ~ ~ximum ot 

1.4 kg por day. Tho un.aten portion ot ~he qrain mixturo 

, "WAI woigbod '.ncS--di.oardoa daily. ·The amount' ooniumed: by 
.a • • ., 

.aoh oal! WA' rooordod, 

0) ,~i&Y 1 

" Choppod hay wa,'availabl. at .11 time. and tho 

amoun,t "aonaumod by oaoh oalf WAI recorcSed cSaily. 
• 

,5.' wo!ghing.' '" 
• 

, 

. ! 
C~lvo. woro woighod in a manner Jim{la~ t~ that 

ao.oribod in Trial % (pag.38). ,. 
• 

. 
t , 

1 ; 

6, .!valuation ot 'ood 8ampl.! 
'~ .. ' . 

/ 

66 

) 

" 1 

/ 

J •• d .ample. w.ro oollooteeS and analy.e4 a. td" 
____ o_<._~~I.$,-~-------'---._---' \~! '. ,,~ ______ -

. , 

.. . .. ~ 

" .. 
. ' 

/ 

• 0 

7.' " !..,~ti.tl0.1 AQ!lx... < 

, Dlta w.ro .nlrly.~ la. in '1'..1:':&1 Il ~ TP- paramotozo • 

. ' . wor. t" •• u. a. ilo,o in Tzoial l, ,.i9nif1oan' cS1ft.zoonoo. 

J ~.tw •• n ~n. we,."da'ozm1nod. by D~~.n'~ lev Multiple Ran; • 
. "o.t (it •• l and Tozor1e, 1"0), il' 

~ , 

. , 
'.:) 0 • 

• 

.. .... ' 
. '" . 

, \ 
. . 

, 
• J 

, . 
, J 

/ ., . , 
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B, r.ad Co.t Analx.i. I~ 

'l'ha priee. ot t.act u.act in 'l'rial II are li. ta'" 
/ 

"in labla 2,2, 

/ " 

'l'ABLE 22, , APPROXlMAT! PEP;D. COS'l'S, 'l'RIAL II (1,972) 

1 
. ~, 

1 ! .i 

raact.tutt ./Matrio, 'l'on ./KfJI 

Mtl" Replacer (powctar) 430.00 _.43,00 

Calf St.rter-Qrowar 140.00 14.08 

Mi1~-M4k.~ 104.50 10 • .45 
~ 

Hay l ' 37.1.0 3,71 
'> , 

/ 

/ . 
! 

1 1 
, ) 

.' 
! 

" 

/ / 
- \ 

.1 
1 1 

/1 

/ , .,', " , r, , . 
, 

"1 .. " .. , ;. ~ .. :- ~ 

/ " 
1 
1: 

, -.. 
-' 

1 
, \, <lj .' 

" 1 
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B. RSSULTS AND DISCUSSION, 

1. Ch.~aal 'Oo!po.ition ot ".od. 
j) 1 Tho co~o.ition ot the ntlk replacer u.04 ih thi. , '" 

trial i. indicatod in Table 23. Tho ~ain It~ure. wer. 

.i~lar ta tho.e u •• d in Trial 1 with ~p contont. of 19,4' 
l ' 

(SQ) and 18.1' (MM). The prot.in contant of th. hay va. 
" - . 

lowo~ than that in Trial l, prob~ly b.cau •• ot the lowor 
• 1 

altalta co~on.nt·(Tablo. 7 an4,23), Calciu~and ph~'p'horu. 
'. ' ... .. 

c~nton~~ot all ~.Od. woro .ligbtly ditf.re~t trom tho.. in 

Trial l (Table. 7 and ~3). , 

TABLE 23, 

,f" 

CHSMICAL C~MPOSITION°pr VSsps "~l, 

/ 

J 't 
ol:' , 

, l 

. 1 / 

.. 
r 

<' , , 

TRIAL JI 
1 

da 'iiiif •• , 

1 
68 

1 

1 / 

1 

j 
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1 
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'~:_, .' ' .• , . , 
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2. ~~1,1 Performance / 

_ a) ..& - 5 tfeeJe "."iod li Il 

Calt p.rfor~ne. tor the tir.t tive w.ek. of the 
-

trial i •• ummarized in Table 24. Calv •• ted ~lk r.plaeer~ 

69 

tor 5 w •• k. (MR5) (a~dup. l and IV), had .1igbtly bet.ter weJ.gh.t 

911n. ,an4 le.4 et'fieieneie. than thC'~ t.4
1 
rilk replacer tor 

3 week. (MR3) (Group. l and Ill) a. i. cl.a~ly .hOWp ln 

Table "'25, A. in Tria~I, thi. wa. prob,bly due tO,the greater '. 
f ' 

e~tieiency ot MR! cal~.. in utilizin9 both 4i.tary prote1n an4 
'-.... ......... l 

energy t~om;the ~lqui4 di.t, Grain.~~ con.u~tio~ wa. ,'lf9BtlY 

h~9h.r in MR3 calve,'althouçh the 41tterenee wa. no~ .1gnit1~ 

cant (P > ,05) (Table 24)" 
)--' l ' ' 

Calve, te4 oBCi gr~in mi" gt"ew .lightly J)atter- an4 ha4 

.;" '?abla 2,5) ~ T~ ~G group. (Group. 1 an4' ~l) al~~r ha4. a, 

.11qhtly hi9let" avera,. da11y DH .tntaka than tM group. te4 
, \ 

MM mi. " JGt"oup, Ill' an~ IV) ('l'abl. 24', 'l'hi. i. quit. unl1". 

,T~~.1.1 (Tabl~~), where tbe.bigher avar.~ da11y DM intaka 

J 

/ 
'.i~ t~ fJ.r.t 5 wJ.". of t~ trial .~a_4 to 4.p=e=n4~,o=n~t=;'h==e========1 

1 ~ 10n~r pe,,104 of fa:4i7 =:lk replacer. 1ft Trial ~% ~ there 

1 w" fi." pre·e",ari_nê .. " 0" adaptation "erio4 a. in 'l'rial l, 

1 

. "/ ,~~. 
therefore, the anL_l~ "er., le.. t'-p~ndent on IId.lk or '.1" 

"" , 
~ub.tJ.{tute a. a, ,o,ure. of 4~y _ttez,' 

f o." .. 1" 

-'. ~ .veJ:'a.. aily I»f, p~~tei1 and ft. J."ta~. fOt:-

;11 .tou~ t\r~~.' wa~a tiejOW ~atio."l, ..... t:GII' COunC~l ,_ac, 
~NO .. .nù4 t:-."J.t:a.nc, (Table 2'), ftL. i •• ar~J.,",1at"ly , 

, ~ . 
, . 

" . 

l , 

'.~ 

1 

1 

/ 
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----- -----~ 
() 

~. .. ~ 
B8LIt 2 ... CALP p~. 0 - 5 W,EEltS. 

~lIix' 'starter-Grover 

Veeb Ob llR. 3 S' 

---- ~. :r Xy 

,.,_ of AIlials 
(h.. ~ ._:t~ 

, , 
~ 

19 9 

A ... ':b;4at 1ft" (kg) 53 .. 0 52 .. 7 
• --~ , .... p' 

~~l· 
, À~ 5 Week lit: (kg) 69 .. 0 71 .. 1 

& .. ~ .. G .. (kg) 
/ ' 

~ . 0 ... 6 jo 0":53 
• 

'" ~_-;:-..( L , __ ~œl. ~ :tntake (kg/calf) 
~ - - ~ -.-.. 1 • • 

'Î; , 
li 

. ld.lk Repla.cer (povder) 8 .. ,0 1 .... 5 

Bay l' 11 .. 5 'l~" ... 
~ GrÙll tix \:, 

- '# . 2~,. 19 .. 4 ., 
'IOta). Av ~ Dai.~y DI DÏtaJœ (kg) 1 .. 20 ~ .. 20 

4 heCl ltffi.cl~ (DlI/Uni.t: _~) ,) .. 00 2 .. 7. 

" ~ 

• < ~ ..... ---- -
r: " ~ 

~ - oC. 

.. 
/ 

~ 

" 

'f'RlAL XX-----. 

Milk~er 

3 5 

XXY IV ,< 

9 9 

\ 

~6 51 .. 7 

66 .. \ 70 .. 2 

0 .. 36 ----0 .. 53 

• 

& .. 0 1 .... 5 

8 .. 0 8 .. 8 

, \Fl ... . 20 .. 3 

1 .. ~1 1 .. 11 

5 .. 30 2 .. 35 

-" 

• ----

SE 

2 .. 4 

5 .... 2 

0 .. 12 

0 .. 5 .. 

2 .. 5 

------ 4_4 

0 .. 06 

1 .. 90 

~G:' 

~~ 

~ 

,~' 
;.':'t 

~ 

.. 

..... 
o 

..... 

~û 
) 

::...t 
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, ~ 1 
, LEAST SQUARE E'TlHATES or TJEAT<MENT Dlrr~RlNC!S ~ 

IN WIIGHT GAINi (KG' AND FIED ErFICIENCY 
(I<G.DM/KG.GAIH) 1 °0 - S WZIKS.' TRIAL II,' 

VaJ:'.!:able 

WeicJ1t gain 

/ 
l'aad _,tfi,ci.ney 

\ 

" 

198 

'l'ABLE 26, 

"II: ' , 

Treat_nt !.€ln€ë! 
~ffa~~~ç~ , ", ' , , , ,V.l,~t! SE 

Mas ... Mal \ 4.21 KS 2.43 __ 

sa -MM \ 1.73 .S 2,43 

Mas ... ·MR3 ... 1.61 .S 1,101 

,.IG -r .. ___ 0,95 KI 1,10 
',. 

/ r 

/ / Group Grain Mi" 
{ 

/ 

'., 

Il 

Ill: . , ï 
IV 

" 

,3 
,. 0 

--'...,.----/, 

.5 - '0' 

3 " 'î 
o 5 

80,0 

'0,0 

71,4 

10.2 

~ \ 

98J 87,2 

97.3 

8.4.1 
~ . '6 . .5 

/ 

J J III 1 }' " -----~..,....--/-.wo""'"!--------------J" . 

, 

l , •• ~â»l. f' 1 :t.,.. fo~ 4.~j,v .. cion pl v .. lu. ' •• 4'., ' .... 
\ " '" \ 1 

./ 
.. /'" 

---! ~ - 1 

\ ' , 

1 ) 

! 

. • 

. . 
:r" 1- .'" 'l _, 

..... . , 
" ... , ...... ..,.. . " 

-'--- --- . 'b S 

J 

". 

1 

, l, 
f $ 

, 
1 
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, Il 

• 
evid.nt tor Group III, ~ed ).SR tor 3 wa.k. plu. ~ grain mi". 
Thi. i. unlik. Trial 1 (Table 9) wh.r. th. protein and ~! 

intaka. for Group. II and IV ",.re con.i~ar,.d adequate. Lik. 
1 

1 
72 

. Tz::ia~ l, th. calcium and pho.phoru. intak •• "'ere in .",e" of ' 

the l'fRe recoJlDn4e4 r.quir .... n~ •.• 

J '/' 
J . ' 

b) 6 .. 112 W •• k '.ri04 

A ~ulll:œ~y ot /oalt p.rfprane. from th. 6th to th • 

12th w,ek i •• bown in Table 27, ~r. wa. no .ignifieadt 
, ~ 

(P > ,05), ditfer.n"a in avara9J 4ai1y gain (~bG) ~etween'" 

group.. How.ver ," "alve. ~e4 JJtlJc raplacer for 3 w •• k. and MM 

grain mi" durinq tha trial (Croup Ill" bad ,i gni~ieantly r-

-- . 

(1' t. .01'(lOWa" bay intu. and total ml intalle, ,and J: 
ta.4 aHjJianey tllan 'Clal va. ta4 80 9"ain l1li. ~ i G"OU~. ~ - ... Il' " < 

Table 28 ~,~icate. t~at the MM ~oup. (CSOUp~ I~I~an4 -if, ha4\\ 
- . 

• i91ifi"Àntly (P '- ,01) low.r bay, con.ulIPtion a~d better, 
.". ~ 

f.e4 .fticienci •• tb.n the SC ,,"oup. (~oup.' 1 and 1%)'. It 
~ ,J .. 

~. probable, 'then,' th.t t~ sa qrouP', ~ oon.uminq '0, IUOb b'.y 
... 

4ilute4,oüt. the nutri.,nt. obta4.ne4 from other t.ed. ancS con",-, ., -
, l' 

•• quently '-cr •••• 4 f •• 4-.fflei_ney, f' 

Vnlike the f~r.t .5 v •• " perio4, .11 four-~oup. in 
, . 

thi. petio4 ..... 4 tojbav •• ati.fi.d t •• IIC reco ... n4e4 -
1 ____ • 

• .. r _' 

, nuttiant r.quir •• nt. for DJI, protein .nd.HE 'Tabl. 2", 

.1tboutb. GtOu9 IIi _ hÂ4 1ow.r nut~J.ént tntake. tban ~ba other 

~oUP;l, Iil 

1 
>-

. 
" 1 

" ' , 
/ , ' . . 
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. !MUt 27 .. _ CAIiF ,p~. 6 - 12 WEUS. 'tRIAL' :I.I ... 

---== -,.--- --

SE . 
Grain lli. ~~~ Milk-Maker ... 
VeeU 0Il iut 1 3 5 3 5 

Groupa -1 .. n\ 1:11 :IV 
'--

Mo. of Anials 9 9 9 9 
.. ~ . 

A.... 5 Veeks.t (kg) 69~0 71 .. 1 66_1 70.2 5 .. 2 

Av.. ~al .t: (kg) 99 .. 3 1.02 .. 1 95.4 102 .. 91 6 .. 9 
,,' - '" A_D"G" (kg) , 0':62 6 .. 63 0 .. 60 0 .. 67 0 .. 05 -
~tal ~ rnUke (~§fee.lf) --

/ 

fi • -- 7&",1.A ~ 79 .. 4A 47 .. 18 67.1AB Il .. 1 ·rrb 66.8 '=-66.:3 66 .. 5 66 .. 3 0 .. 4 
, 

. ~ _ ~ .... 1.U.y ~ nl~(k9) 2 .. 7~ '2 .. 7'& ... 2 .. 1.68 2 .. 54A 0 .. 10 . 
- -. hed ".ffic:iellCY (1*/OIdt: gain) 4 .. 3'& 4 .. 40& 3.6sB 3 .. 8\8 0' .. 29 

.", 

» '-

--.B .. eu vit;h dif~~ supencripu in the· saa rov differed si9lificanUy 

F 
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'l'ABLE 28. 

/ 
74 

" 

LEAS'!' SQUARE ESTIMA'!'ES OFo'l'RÉATMEN'l' DXFFERENCES 
- ''1-tf WEXGti'l' a~IN (KG), HAY %N'l'AI<E (I<G) AND .PEED 

EFPICIENCY (~G.DM/KG,GAIN), 6-· 12 WEEI<S. TaIAL I~. 

------------------------------------------------------------
Variable 

Wei glft 941n 

Hay inta~ 

•• p ~ ,01 

/ 
/ , . 

'l'ABLE 29. 

'l're.tant 
Ditterence 9 

1 

Ma5 .. Ma3 

',sa ,.)JM 

. XR1 ,. Ma3. 

sa, .. MM , 

MR5 .. Ma3 

sa .. JIN 1 

E.tinted 
Value. 

2.07 
, 

-0.4'0 

1~.,65 

20.61·· 

0.10 

0.65·· 

SE 

1.42 
1 

/1.42 
/ ' 1 • 

t~ 6,49 

.6.49 

0,17 

0.17 

. 
DAI~Y DM, l'JO'l'E=rll D MI 11f'l'AUS 07 e.uvzsl 
(6 - :12 WUXS, AL Il) AS A PUC.'l'AGE or 
lac: UCOJOJEBDAT ONS 1, , . ~ " '"" 

1 

1 1 _ 

~oup Wka on, JOlI Grain lU." 
! 
1 

1 3,. JO .108.0 0

• 113.0 106.3 

%1 5, .0 107.7 111_,1 104,5', 0 

Ill/ 3 .' tl,17 94,t, "5.0 
\"\ 

IV 5 MM, " ,9',2 't,7 t7,0 , J' 

, 
'! /1 1/11'- " 

, 
J'. .' 

à ,- -., 
«l 

1. J •• 'l'ab18 t" ,ati 
. ~, 

-
.~~ ~or ~~1Y.t~~/~ ·YA~_a DU."; 

". 

• < 
" . 

1 -. ~ 
~, 

. . 
~ , -, 

, , , 
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1 f ot' .r 

~e relult. from.~hil pari04-~t Trial/II 4iftered 

trom tho •• ot th •• i~lar.pariod in T~~al 1 a.,follOW~t 

(1) In 'l'ri,d II the ADG: va.' net, .i9l:'ificant (1' ~ .05) , 
" . 

betw •• n 91"0up. ('l'abl. -27,), but in Tri.al 1 it va. (Tabl. 1Jl .. 
(2) In 'l'rial 1 l.,gth ot ~lk replacer t.e4ing ~a. JlDre 

~ IIpOr~~.,. .. !han t;JI. of grain mi." in det'erJl1i.~in'g perlornnc •• 
/: _.-

In ~i. 'l'~ial (Trial II) no .i~it~cant CP> .OS}.4ifference 

attribuUble to. type of qfai.n ml" or ~en9t~ q~ JII11k replacer 
~ , ...-- ~ .. 

feeding' va. foun4 (l'able 21), althou91 calve. fed liqui4 

diet. for.5 ve.k.-tan4e4 to grow fa.ter. 
- '" il " 

\ 

c) "'. 
Th. re.ult. of the overarl perforaanee 01 o&~v •• 

in Trial II are .bown in Tabl.~30. Ther. v.r. no'.ignifieant 

(P > ~05) 4ifl'ranc •• in, ADe or'f •• d a~tici.nci •• bet"aan the 

group.. However, Table 31 in4ica~. that the calve. ta4 
Q , 

"JU.1Jè-Haker" .Je (HM) ",are .i.9ftificantlY CP ~ ,05' =ra 

.fficient in 4~ latter utiliza~1on. In bath Trial' 1 and II, 
o 

the oalva.' la4 .tarur-Grwar ." (.0) col1.u_4 II)J'a bAy than 
\ 

-
for the loW,r cOJllulPtLon.of baf by the ca1ve. la4 lOf i. ~t . ' . . . 

,tht rou~91 contot 01 .MM v, ~alativ~lY I\L9\ '.~ab~ .) and 

tbi. partially olt •• t,the .ppetite l~r ha, oon~uaption.~ 
\.. l ' 

Altbou., in4iYUuaj,. 9"oup, in ~i.l II diftère4 in 
o~) j \ ~ . 

pegor.ua fro.aüo •• ift t'rUl %- (~&bu. 14 ~aft4 30' l'the 

~ 1t~kJ,y 1'~. w.~_i ~,.. 0' ~ '~0Up .1011ÔWe4 .' •• ~ 
, '.tu~JI ~ ~ft:ftJ.a1. IO,.~ 1~ ':,~,. 

• ' J 
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.. là 30~ CAU' PERPOMkNCE, 0 - 12 VEEKS.. 'ftUAL Il 

\, 

~ 

',~a:la ltilt 

'Veeka OB lIR 

Sürbtt-~ 

~.' 

__ lD" of A1dal.s· 

A." ~ùàl. 'Wt (k!ll­

A." l~ Veek ttt O(kg) 

A"D"G" (kg) 

:ftatill ~ InUke (k«;lca.l.f) 

lü.lk _plaeu- (pcMler) 
' ... 

- "",,Bay 

, Gn.ln ltiz 

\ . 
3 5 - -
::r II ~ t 

9 ~ 9 

1 53.0 52.7 

99.3 102.1 

0.55 0 .. 59 
l, 

8 .. 1 

87 .. '&· , 
92 .. 2 

14 .. 5 

90 .. -&a 

~S .. 8 

~Ul A." Ddly DI lbtakeflt-g) 2 .. 08 2 .. 12 
-- c,.J --

.be4 Itffid._~ (~it gain) °3 .. 81 3~66 

--' r 
~ 

Cf 

.. 

Millt-Malter 

3 5 
,,' - - -

11:1: , IV 

. 9 . 9 

53 .. 6 51 .. 7 

95.4 102 .. 9 

·0 .. 50 0 .. 61 

) 
8 .. 0 14 .. 5 

'5S .. 2b / 
7S .. 9ab 

" , 
87 .. 9 86 .. 6 --

1 .. 68 1 .. 96 

3 .. 52 3 .. 24 

" 

SE 

--
2.4 

6 .. 9 

0.07 

-.:. 

0 .. 5 . 

~l .. 3 

,4 .. 7 

0 .. 16 

0 .. 25 

.. ~ .... Da, vith different supersc:ripts in the sa. rov diffeted si9lificantly 
(P <. ,,05).. \ 

1 

~ . -
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'l'ABLE 31. 

Variable 

-
Waigbt gain' 

f " 

.. 

j ,1 1 

LQs'l' SQUARE ÈSTlMA'l'ES OF 1'AEA1'MJm''l'. DI'FFa_CES 
IN- WEIGBT GAI. (m) 1 HAY IIlft'AJCI (,KC) AND FEEO 
·EF!'ICInC~(KG·D.M/KG.GAIJ" 1 0 - 12'WIIIS. 
TRIAL II. ' .. 

" "), f 

'reai_nt 
Difference 

!.El.sa 
Value. 

, , 1 r, 'II '" 

, \ , 

85 - JŒ3 . 
• sa -lUI 

MR5 - JUt) 

sa -JtM 

6.2B 

1.33 

l2~02 

23fO.4~· 

SE 

Ma5 - JŒ3 ;, '. J'ead efficiency , , -0.21 0 

3.3B 

31138 

7.12 

7.7.2 

0.14 

0.14 fi SQ -MM 

-
\ 

. ... . \ 

/ 

'It -, 

.> • 

, ~/~ , 

/ 

1-

" 

0.30* 

.. 

\. 

--
" 

1 

, . 

" 

1 

. , 

" . 
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~ ...... " sa +,Nll3 
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Calf Bulth 
4 

i . 
1 

~"4n~1~ in, trial Il ha4 a hl~'inci4ehC~ ot 

.cour. tban tbo.. in -l'J:-la~ l, 1'1dzty.-niDe permt 01 the ". . ' 

ocalv.. in "rial Il .coura4, cOIDpue&' to thirty-two -perc.nt 

in ll't'ia1 l, -Th. tJ;eqUDCy .,ot .couriD9 va, 41.0 bJ4ber ln 

ft!&l Il ,,.abl. 32' tban in 'lr~.l l (Tabl. 1''' .. 'scourinq wa •. 

apparently c.u.~ by 4iq •• tiv. '4i.=4er., ftftVOU • .,. •• · an4 
, 

bacteria, and wa. tr .. te4 by re4uci.nq the 11qu14 tNd ~aid 
l '... 

a4minl.taring' !ntetur' -A' an4 Panbritin ~\et. '(App.n4ix 

-Tabl. 1)'-: 0 ' • • , '0" 1 
, , . 

. . 
Many cà1".. ln .t.bl. trial v.r. fenerally weaJc. and 

about a quarter ot tbè.·~er. àpparent~i a~io Cp.t'.onal 
~ 11, '... J ..,. 

~Dicatlon wlth the atten4ing vaterinarian), Vnli~ Trial l, 
,r 'til. " 11 , r _. 

'Dot _ny' .uffûe4 fJ:OJD C014" b1at, lLke 1't'ial l, a nuaiber 

,~'Ufteze4 frOll ~~oa~ i~factlou, P.~icilli, va. vary . 

. affective on • .J."C41".' vb~ fIC. nft .. tlng wall, and thi. 
~_\ . . ' 

indicate4 tbat the •• "alv •• JÙqbt bava b'àen i»teoW vith' . , . 

bactM:J.a, %1:'0»: t&b1et. ,-w •• ) a4IIini.ter~ to ttie "alv •• 

, . 

î . /« .u.pect.4 1)1 1»-'09 aneaLc and reoovery 'va. r ... nabl., ~. -. , , 
. " 1 
't.r~.OiA.-.worke4 att.,tiv.ly~on ca2.v •• ~ ba4, • tlu:oat " ~ 1 -

. 1Af~. ,,*u~ va. ~w_l' t.~ ~~~ ... "1~ "7 
kat.bift9 ,r.1MI &D4 to _ o~. ~ fi ... tA pat.,. -

\ , 1 f ' "" ,. , . ... ~ .. 
-=a ûtibtotlG HlutJ.oM .... ~ ta ~""1 Il ~Wen4is 

ftbJ.ê 'Ill' ~ 1ft' ~1~1 1. '). l ' , ,) 

. ,\" 
c...! t. " .. \ . . , , . . . . " 

'l' , , . .. . ....,.. I?~ .,.' ~ '1f" ; \ " • ,..> t ,'4'"' .~ '). • , 

41 '. 'f ,\ . Ir , ,1 __.' • * 1 .. 'ft #1' : 

! .,'. ,f '~./!.' ................. ',;M' ' \ '. ,.. Ii, 
>. •• • ,,., ~ ~i ~ 

-. . '" . .'. ' )L .',' ~ ,,:", " ": • l'$:' , f-. • .,.. . 
~ ~ ri " 1 } l' ~., • , , .,.~ '..1 .. .f 'i r ~ ~". • • 1 t ., 
.. 1.. _,~ 1) .... 1 ."...... ", ~ \. 1 • \... ""lt il " .Jo ~'l~1 , .. ..i.. "o· l' . olt"'" 

of 1 • • h l''~ ~., .. '. 'i ~ f \. _.. 'r'--' >J ~.c 

• 1 

, . 

. ' 
: , 
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'l"Wo caive. hacS to b. op.;r:at~ on. Calf 1125 of 
Group IV had an infooted ~ay.l whicb wa. lanc,d, the b.c~ 

terial QIlll wve IqU •• lled out and the openinq "' •• repacked 

\t1ith qa.ù.e ~oaked in iodinl. Calf '136 of Group I had an 

intecte" loft front kne. which "'a. 1~c;ec!. Ono. calf (tl'36)-~ 

had a .light aittack of PJ'leumonia. 

flwo.t. hlalth probleml. . 
'" ' 

Thore ",a. no mortality ~ thi. t~i.l. Althou;h 

Group IV had le ••• iek calvel than the oth.r group., th.r. 

wa •. no' indication that th ••• calv •• were healthier b,ocau.e J 

of diet. 
, 

'l'ABLB 32, INCI~~ <~F SCOURS AND CURA'l'IVII TAIILII'l'S USIID. 
{; TRIAL l • . 

. 
No. 

il 
No. o! 'aSIet. t'f.i(! Of 

Group ·Calv •• Cl.lv •• 
r.1 Bnt:. nA"~ p.n~ \ Scoured rre~uenay 

1 9 4 0' 2.25 8 4 2 , ~ 

II 9 7, 5 '1.20 4 l -
III 9 4 3.25 8; l' 2 l 

IV 9 l ( 4.00 o 2 3 -
Il 

l Pe 1. %ron 0 
. 

" ~ 

2 Bnt ~A" - Intefur "A" 
• , 

3 ,pen • Petlbri t:.in "- ri 

" 
, 

'1 

\ " j , 
" . , i 

80 1 
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,/ 

< r 

J 
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, 

) 

' . 



--------------------------~--;--~---------~--

1 

e 
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·4 .. r.ed Coata r 

! . A a~~;y ~~-:::~ teed ooat par caif and ,fe~ 
co.t pOl' kg gain in ~rial II, i. .hown in '_.hle 33.. In the 

firlt 5 w..ka of the trial, Group III l'lad e lo~e.t total .. 

feed coat per calt and Group II had the highe.t. In veneral, 

th .. oalve. on milk replacer tor 5 w.eka (MaS) had aignif!-
. ~ -. 

cantJ.y CP ~. 01) higher teed coat. than thoa. on mille 
"-

replaoer, for 3-' weekll (MR3 ~. Alao the '. calvel fed sa mix had 

aignifioantly (P '- .01) hiqher feod COlt. than thoa. l'ed MM 
, 0 

mix (!rable 34). Feed OOlt per kg of 9&in ",a. not lignifioant. 

(P > ,05) in the tir.t 5 w •• k. of the trial. However, Qa~vel 
" 

fed sa mix had signifioantly (P L. ,01). higher total teed 

coat per kg of gain in the ~. to 12 we.le period and t~il ",a. 

refleoted in the overall period (Table 34). This wa. allo 

a relleotion of the hiqher priee of SG mix ",hich wa. about 

one-third more expenaive than MM mix (Table 22L 
., In the ovetall period MRS cal ve,' l'lad a higher 

total feed~<to.t of $2.88 par oall in oomparilon with MR3 
\ 

calvel (Table 34). !Likewi.ae, oalve. fed SQ mix had an 
\i 

.i.nareal~ total t,ed oo.t of about $4 .. 61 per calf in ·oom-.. 
pari.on with MM ted oalve. (Table 34) .. 

, 
aro~p II l'lad the high •• t total f~ed ooat,while 

Group III had the lowe.t (!l'able 33). Feec1 ·Qolt.~r kg gain 

) 
81 

for the groupa in .the overall peri~ were 47, 48, 40 and 38 "-­

oentÎ in Groupl l, II, 11% and IV r •• peotively\, It ,.em. 
, 

) 
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./ 
ftB~ 33. CALF. FEED COS7. fiUAL XX. 

I, 

Grain Mix 

'''éeks ml Ma 

Group 

Feed Coat. (1) 0-5 1feeks 

~ ,PCI/calf --
PC./k9 qain

2 

Feed Cost ($), 6-12 lfeeks 
~ 

Sta:rter-Grower 

3 5 

. 1 II 
". 

.. 
1 .. 9~BC 10.01A 

O.,~'t 0 .. 68 
.. -

1~.,13 13.19. 

e . 
~ 

SE 
'f' / 

Milk-Maker 
-~-

3 5 
~ 

III 
\ 

IV' 

'6.,3SC '9.2P· ' (il 0 .. 78 

1.,03 0.55 0.41 

10 .. 12 ,0.46 . ~otal PC/~f 

PC/k9 gain 0.,4.cA 0.4~ 

9.,35 

0.,3~ o:3IB 
0.02 ~ 

, :Peed Cost ($), 0-12 lfeeb 
~ -- '21.0lAS ,23.2oA 1S~ 70C 

0.40ab 

~ Q 

19.368 

0.3gb 

(' ,/ 

~ 
'l'otal i'C/calf 

PC/kg ga~ 

l ,"le - Peed Cast 

1" 

0.4,ah 

. 1.18 
s 

0.4.,a ~ 0.04 

2 See page S9 fo!r ca1ou1ation.' 0 

A,B.,C Means vith different 'fuperscripts in the Sa..! 1'Ii c1iffered 8igni~icatttly 
(p .c:::. ., 01) .,' '. . 

a,b Means vith different supèrscript:s in the sa.e rov .di.ffered- signifiçanUy 
(P <:: .o~). / '. . . 

'" 

- ~ 

• ., 

, 
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., 
# ~ 

, ' ''.. \ 1 • 
cl ... r then that Q~OUp Il va. (the ~.t' expenaiy_ feed'~9 b 

re;im •. and Group I~ the lea. t _pene! ve • , 1 

TABLB .34. LBAST SQUAU BSTlMA~l!tS or TRIATMBNT DIFFIRINCBS 
IN J'RD COSTS (C) AND .'BBO COST PIR UNIT GAIN 
(C/XG) • TRIAtI Il. -

~ 
, Fe.a" 

1 

COI€ 
Tr.atrn~t Tot.1 per Unit 

period Differehot F.ed Coat SB Gain SE .. 

W.ek o .. 5 MR! - MR3 246.50·· -lg. '79 .' . "'\ 

44.94 24.07 

.. sa -MM 233.22!· 1.29 

".ek 6 - 12 MRS - MR3 41 •• 1 ( .. 1.03 .. 
\ 

27.01 1.33 

•• 11.33·· .. SG - MM' 342.28 ' 
,-

f 
( 

J 

o ... \12 •• W.ek KR! .. KR3 .. 2~'. 91 .. 0.014' ... 
'. 

&8.27 2.2,7 , 
1 •• 8.21·· r " sa -MM .61.37 . . " 

"-

•• PL.Ol ( '" / . \ 
1 

/ 

" l' 

1 " \. 

1 

e .; 
: \ \ 
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C. SUMMARY OF TRIAI. Il 
" , 

ln Trial Xl there we. no .1fJnilJ.oant (1' > ,05) 

cliffer,nce. in ADG' b.tween 9~ouP" althcu,h Group IV ha~ 1 
, , 

'li9h tly h1gher ADG than ar ~ther group _ . (Ta!ie JO), G~OUP IV 

al.o had th. be.t feecl effiel.ney, leconèl lowe.t total feect 
~ 

All four groupa had Icm. incidence of aeouring and 
\ 

throat infection •• , But Group IV had le •• calvel acourinv 

than .ny other group (Table 3~)! and vlterinary exp.n ••• 

ver. love.t ... Group .. ~ WIll ,had the highe.t vet.rinary 

" expen.e., There wal no mort.li ty • 

ln ~~. trial (Trial II(,GrOUp IV may be Uled •• an 

exqple to -:tbe famer b.OIU •• of itl relatively hiVh over~ll 
~ , ....... l ' 

. 1 perlform.lftOe and .}.oli ~.ed co.t ~r \mit of gain. Dy IU'1n9 
. ~' 

the t.ed~:«g regim. of Group IV, the f\armer may. .xptct hi. 

c,lv.a ;'0 have an ADG of 0,5 kg or mort at 1. reed coat of 
, , 

about 38 cent. p.r kg of gain. '~he total f.ed o~.t for railil\9' 
J 

a S2 kg ca~f t, ebout 103 kg on the Group IV diet in Trial- II 

wa. $19.36 (Table 33). which wa. $3 .. 12 1 ••• than Trial l 

(Table 17) .. 1 / 
\ 

\ 
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. VI. ,!'RIAL III 

. 
A. BXPEIUMINTAL PROCIOUU 

\ 
" 

> 

1. Management ], 
", 

'. Thirty-~our H01.t.i~ bull oa~v~a wer~ purcha.ed at' . 

loc&l, a\lotion. or from:the Mao~ld COllege farm, in ~n. 

1'74. On arrival 'the oalve. wer, about one ~ek of a9'e and, 

43.3 kg a~.ra9. ~odi ",eight, Uniik. ,the 'caive. in ·Trial.. land' 

II, no, mediQationl' or vi t.mina "ere' adminiatered. ,. 
The calve. in th1., trial wera hou.ed in individual 

.. \. 

fi t) ~ 

. . 

~ , railed (about, 20 centim.t~r. (~) above ~round)woode~ or 
. \ 

.yel penl, 'The: pen a ware 1',2 metera (m) ~ 0.75 m. The front 
, , . 

end of .. ch pen had • V-ahaped openin9, l~rg. en0\19h for aal v.a 

~ to pUlh their head. throuqh and rooh both the w~ter and feeding 

. buaketa fitted in Ilot. outlide ',the) pen. The reax- ot the pen 
'r" 

",aa open. Th. floor wal .iatted and i t extended beyond the . 
length of the pen to faoi1ita~' the 1.%'9'er cttalv ••• 

The pena' were oleaned everyd&y wlth a aotl.pper and 

wue wa.hec! .t leaat onoe a week. 
\ 

There ",aa no light and t~.r.ture control a. in 
, / 

Trial. 1. and %1 becaua,e the aa'lv •• ~!'. in an, ~pen barn • . ~... - , 

\ 
~ 

j 'f 
, ) 

r 
\ 

J 
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/ ! . .-
c , 

1 

2., !:!2eX'1l!ntel PYip , /' 
1 ~ 

'. \ -. 
~h. -. ~.rlnnt.l d •• ,i,vn "a •• ,tril .. r to th.' lfX'eviciuI ~ 

a • 

t~ia~. bUt dltf.itnt grain mi~ure. (Calf Stax:t,r and Calf 
, ,',_ l 

G1o~r) W'ert tee!, th1. t1n ('l'abl.· 35) , 
(' 

/ ','" 

TABLE: 3S,. BXPBI\IMBN'1'AL DESIGN,. 't'RIAt. III 

) 0 

t.'en9th of MUk 
R.~l,c_tr 
r.edln 9 (wkl) l ______ 

cs2 ' 

l 

5 -' 8 (II) 

1 

. 

.8(111) 

8(IV) 

2 CS, CaU Starter, CG _. Calf Grower (Tabit 36) 

~Jd)er ot cal n. ln. the group 
, 

Group nunber 

\ 
\ 

.1 

: ' 

.f 

" 

, 1 
1 
1 

. 
) 

\ 

o 

85 

/ 
1 

\ " 

\ 1 
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1 

'3,' Rat ona ,1-.. 1 ~ 
a Wtr~J t~d • c::o~maroiai .rilk re laber (MRI)';', oont.in"" , 

ln; 21\ ~Ud. pr~t.ln (c'P)f and '10. 0' c~ud", fat (CF) (Tabla 36) 

'- durin 9 th~ \ fint. two' w..k. \ ot th, trial, third week \ 
\ 0 

, 1 

• they fad & -.eoond cotmarci l tnilk replaoer 
\ 

o ~MRII) oontainin9 20' CP and 20' CF (Table 6). , , 

Two 16 cal;na Ieoh were fed .~th~r .tarter mi. x 

'CS or CG from ,~h. firat week on ;trial, Starter 

CS wa. a tarlNla t r young c-alvel (l'~ 8 w,.ka of aga) and CG 

grain mi. x fol' !tOre' natured calvel (8 '" 16 -""ka 'of age), 
\, 

, 
The QOllpoai tion of he.e grain mi. xtQr •• ·• ba •• ~ pn inforntion 

aupplild by the rranutaeturer i. li.ted in Table 37, ,and 

the ~ in Trb1e, 40. (Reauit.).! 

Hay conpo.~d na nly of Allaifa and TiftOthy apeciea 

(1 1 6 reaplotively) a. 'ohoPPld to a len gth of, about 3 0 m 
1 \ , 

a~d ted Cld 
1 

ln th. firat we.k o~ th. trial. 
\ 

tlater and •• lt CC halt lodi,ed Sodium Chlorid.) were 

avai.lable at all 

\ l ' 
4., n.din 9 Pro SFa l\UI8 

a) Ligu1d Fe.d. 
;' 

The liquid ~e.din9 progrànn- uaed in Trial. 'III. ia ahown 

'in Table 38, The dry milk replacer ~a. add,cl to water 

(400C) and rnilllèl by band to a Ilttioth oonaiat,ncy. The 'Oalvea 

""re pail .. fed twice dailYI 

afternoon (3130 p, In.) • 

o 

\ 

r \al Ali 

1 
1 



'\ 

~ 

--

..... - "... 

d o 
J 

"DaLE 36. 
, t- .......... 

GUAHAJI1'IŒD AJfALYSES OF MILK REPLACERS1 ABD GRAIB MIXTURES USED lB 
7IIAL III. . 

c~ 

~JIPODeDts 

" ~ , 

Crude l'rote in (Mi,., (.) 

CrudS Fat (Min) (,) 
/ 

Crude Fibre (Max) (.,' ,," 

/ ~luorine (Max) (1) 

Sodiu. Ch10ride (.) 

ca1E!U. '-1) 
Pbosphor.us (%) 

----

.0 

Vitamn A (Min) (I,U/lb) 

V:1tâ_n. j)-(JUn) '(XO/lbl 

Vit:amn E (Min) (m/lb) 
, 

AurecnlJcin {MCJllb} 

~ 

HR:I* 

21 .. 0 

10 .. 0 

0:.5 

~ .. O 

1.,0 

0 .. 75 

15,000 

5,,000 

10 

25 

MlUX** 

~.) .. o 

_ '-20.0 

'~0 .. 1 

,/' 
-·2 .. 7S 

1 .. 0 

0 .. 75 

15,000 
--- ':-

5,000 

.' 

,~ 

- ") 

calf Starte;2' 
(CS) 

20 .. 0 

2 .. 5 

9 .. 0 

0 .. 0035 

0 .. 7 

0.5 

0 .. 75 
---

3,800 

1,200 

.;. 

3 calf-Grover ~, 
(CG) 

15 .. 0 

Z~S 

9 .. 0 

, 0 .. 0035 

0 .. 7 

0 .. 5 
0 .. 80 

' 3,800 

- 1:,200 

Supersweet Lactone Ma for calves Reg- Ho .. 4767 ,.. Robin· Jk)od Mu1tif~ LUI .. , Mon~eal, 
~ , ~~ 

1 '* 
. vu.::: .. 

** ____ Bava Mill SUbsti tute for Veàl ca1ves 
\ 

~g .. Ho .. 5330 .. 
~ ~. 

1St Calf St:arter. Sveetened Ration '11-414 Re9~ Ho .. 

)---
) - -, , 

543, ~ ~~a~ve ~ree de ôüi!~ 
6403) Montreal, Quê..' :: 3 

- { 

i 

. 1 

~ 

---- ~ 

*' 

, 

::. 

-
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'l'ABLE 37. 
\ .~, 

'XNGMD1BNT COMPO$X'l'l:O~- (,) 
AND CAttr' GRotfBR (CG). 

-' 

, In gr.di.n t. 

aar 1.y Scr, •• nin 911 

Brever'. Grain \ / ' 

0 

Corn 
, 

Dèhydrated ~lf&lr. 

Diat.i1l.r'a Gra1n 

G.l\l~.n F •• d. 

Midd1in98 (Wh.at) ) 
) 

Shor't. (Wh •• t) ) 

Wh •• t Bran ~Mill F.,da 
) / 

Wh •• t Mill Run 

Oata' / 

Rap •••• d M.al . 
Soyb.an Me.l 

0X: •• 

Micro Pre mi ~ 

Mol ••.••• 
r 

1 . 

. .. 
1 

/ 

)-

"' 

./ 

1 , 
. ! 

cs 

... 
fi~25 

'. .... 

2,5 

20.0 

14.0 

2,5 

2.5 " 

\ 

2.5 

' '2. S 

.24~ 2~ 
.... 
,9.5 

,. 

3.5 

10.-0 

f 

J 

, . 

\ 

CG 

. , 
... .. 7.0 

15.0 

39.0 

2.5 
. 

) . 15.0 

6.25 \ 

, 
p, 

~ 

... 
\ 

... 
,. 

\ . 
,. & 

2.5 
~ 

,. 
\ 

,f 0.25 

2.5 

10 .~O , , 

\ 
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, l , 
f 

\ 

, ~ - '. , 

C.1VtI were w •• nld .brupt.~y alt.r conpletr1ng thl 
, , 

or the fUth "..k 0\,\ trt.l, • 

'0 \ 

\ 

th1:d j. 

'l'lAILY AMOUN,S OF HItte R!:P~CBR' "BD (XG/CALP). 
TRIAL lU, ,r' -. 

Plr10d Dry Milk R.plao.~ Water Added 

W •• k l 

, W.ek 2 

0,45 

0,60 

W.ek 3 "" 5 

/ r 
c 
b) ~Fe.d.-

. ' . 

, 
J 

2.3 

Chopped hay and 
)1 
/ tirat.- wllk on trial, 

grain nd. xtur.. were -ofte~.d wi thin th. ~ 

The te.dirl9 progra.mma. tor ~ain 
", -- J-

ri xtur •• ,and hay ",ere ai mUar to tho.. of Trial. land 'n. 

5, Weigh1nga - 1 

/ 
eau "19\ta were 

\ 
obtain.d aa de.cr1becl ;i,n Trial l, 

\' -
" o 

F~.d .a~l •• Wlr. colleqt.d and ch.ml.cally 'analy •• d 

\ a. in Trial l. \" 
'\.,~ -

! 
1 

, \ 
Stati.tic .. l ,~lya •• 

Data vere an.ly~ed .ccordtn, to le.At .qu~J.. procedur •• 

tor un.quai aubel ••• a\ultbera (Harvey, 1960) aa. d •• orJ.bed in 

1 
... - -r: • , 

, " 
\ 'l'rial l. 

\ ' 

• 

j , 
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\ 

./ 

- \ 

8 \ _llid COlt Al\!,!X ••• -
'l'he priee. of ntlk replaoer 

cr •••• d .ubltantially OVer tholo 

and it'_in ml ){tur •• hld ln" 

nJ\t1oned in -Trial II f but 
, • 1 

I,ther~ wa~ v.ry littl. ohan9t in hay prioe. (Tabl_e. 22 and 

39), It rray be not:ed_ that th, Calf· Starter (fornula fQr -
, - , ., 

" youn; oalvel) ia app~xiftt\t.ly 11' 1'IOr'e e~.n.ive, thlt t.~. 

jCalt GroWlr (fornula to~r. I\'ature calVla) _ \ 

TABLE 39,' APPROXl:MATE FIED COSTS tN TRIAL III. l 
\ . 

F •• dltuff 

Milk Replacer (powder) 
, -
Calf Starter 1 

Calf' Grower 

Ha.y , 

\ 

• ,. 

/ 

~( , 
, 

, 
\ ' 

1 -" 

... 

• <f' '\ 

.' 

- , 

" 

\ 

' .. 

858.00 

184.80 

165,00 

35.50. 

\ 

" 

~/!(g 

85.80 

18.48 

16,50 

3.55 

• 

. ( 

91 

/ 

1 

. . 
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/ ~. RESULflS AND DtSC:USSXON , 
" , . . \ . 

l~ Chemical 'Co!!poiition of 'F.!~ 
1 i 1 

The phemtçal analy'~1 ot teeda \11.d in thi. trial 
, ~ , 

(Trial III) are l:ilted in Table 40, 'The prot.in Qon~el)t 
. 1 . . 

of i Q~nPoait •• anpla .~t the o1l'd.lk replacerl va. 20. 9', Wh~ch, 

wa. a littl. 1 ••• than ~llat of Trial II (Table 23), but 
. . ) 

n'Ore than that of Trial 1 ('l'able 7). The CP content of' 
o . , 

fS. (20,1'), wa~ .1icj\tly hi<Jler than tho.' of SG in 'l'~al., l 

and II, but OG ~ad a CP oontent. o~ 16,~' whioh wa, lo~.r 
. 

tllah tho •• of MM in Trial. l and II (Table. 7 and 23) •• The' 
, , 

1 

,"protein èon~ent of hay (7.2'> in thl. trial wa. ftUch l~w.r 
, . 
than tho •• of Triala l and' II (Tabl.~ 7 and 23) , probably . - '. 
Qecau.e o~ itl anll proportion ot alt"lta. 

Calèi.~m and' PhOIPhl\,u. con~.ntl of the t •• dl in thi. 
e~ \' 

'trial di~f'er.d alightly from tho •• i~ Tri~ll X and II 

'\ -, , j\ 

(Table.' 40, 7 and 23). 

, "..-

(' .\ 
TABLE 40. CHEMlCAL COMPOSITION OF FESOS ('), TRIAL III. . ' 

. 
r •• d 

1 

Mi.lk R.pla~erl 
Ca.l. f-Sta.rter (CS) 
Calf":'Orower (CG) 
Hay 

.. 
Dry Matt.~ 

92.3 
88.6 
87.3 
9'1.4 

P~t.in Ca p 
~4 ________ ~AI Fed~ ____ ~. 

20.9 
20.1 
'l.6.1 

7.,2 

0,70 
0,58 
0,53 
0,25 

0,64 
,0,80 
0.79 

/ 

\ 0.19 \ 

------------------------------~------------~-----~----\ 1 CODpOai.te laftPle of' Mal and MRXI (Tab1eI'36). 

", 
• 

/ 

J, 
1 

Il 
\ 
\ 

\ 

", \ 

1 , 
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2. Ani nal perfornance 
- t 

a) 
, 1 

A sumnry of o~lf perforrrance for the firet 5 weeks of 

this ttial (Trial III) ls shown,i~ Tables 4~ and 42. Calves 

fed milk rei)lacer for 5 weeks (NR5) (Groups II and IV) haèl 

higher but not si9l'\if~cant (P> .05) average daily gain 

" (ADG), consuned léSS grain ml xture (Table 41) and were 

93 

si 9'\lfieantly (~L. 05) nore efficient in feed conversion -J-J 

(Table 42) than calves fed mllk replaser for 3 weeks (MR3) 

(Groups 1 and 'r II) • Cal ~s fed ca l f ... s tarter grain ml x (CS) 
J 

had sli ghtly better weight _~ins and 'fere a li ttle nore 

ef,ficient in utjJ.:i,zing feed- (1able 42) than calves f,ed calf 

grower (CG). 

Th! daily nutrient intakes (dry ma~ter (DM), protein,and 
\ 

netabolizable energy (MEJ) for all groups were generally below 
"-

the National Reserach Ccluncil (NRC) requirenents (Table 43), 
1 

but MRS calves were pa~ticularly ,low in total DM intake. The 

MR5 cal ves consuned si g\ificantly fP ~ .05) less grain mi. le 

(Table 41) and ~lso had a low intake of hay, particular,ly 

Group II (fed CS).o This e )l{)lains the low total DM intake 
; 

observed in these groups. 

, 
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- \ TABLE 41. CALF PERFORMANCE, 0 - 5 WEEKS. TRIAL III. 

\ 
\ 

) 

--' 1 

\ SE 
" 

Grain Mi" Calf-Starter, Calf-Graver 

Weeks on MR 3 5' 1 
3 , 5 

Groups 1 II III IV 
No. of Ani JII!lls 

, 
8 8 8 8 

'-
f ~ 

, 

Av. Initial Wt (kg) 43.5 
'> 

46.5 4!).5 48.6 .2 ... 4 

Av. 5 Week Wt (kg) 55.7 , 60.7 54.3 61.5 5 .. 0 
A.D.G .. (kg) 0.35 0.41 0.25 0.37 '0 .. 09 

, 
Total Feed Intake (kg/calf) /' " 

" 
Milk Replacer (powder) 9.2 16.1 9 .. 9 15 .. 7 0 .. 8 

Hay 
~ 6 .. 9 3",~ 7.9 6.8 2 .. 6 

Grain Mix 17.2a 8 .. 4b 14 .. 0ab 8 .. 9b 3 .. 9 

TO\1 AV". Daily Intake (kg) 0 .. 85 0.74 0.82 0.82 0.05 
Peed Efficiency (DM/unit ga,in) 2.87ab 

0 1.9Sb 4.37a 2 .. 3gb 1.00 

a,b Means ,notl shar.ing a collUlDn superscript in the same' row are siqnificantly CP < .05)\different. 
SE ApproxiDation-of ,standard error of the Dean .. 

.. 

'-; 

" 

) 

~ 

" 

..... 

.., .. 



o 
TABLE' 42. 

~ 

Variable 

Wei~t Gain 

" 1 
C 

LEAST SQUARE ESTIMA~ES or T~TMENT DIFFERENCES 
IN WEIGHT GAIN (Jro) AND paED EPFICIENCY (m' DM! 
lG-GAIN), 0 ~ 5 WEEKS. TRIAL III, 

~ " Treatnant Estinted 
Difference Value. SE 

MRS ... MR3 3.10 1.88 

CS ... CG 2.36 1.88' 

Feed Efficiency MRS .. MR3 ... 1.43 
.. 

0.58 

" CS .. CG -0.95 0.58 

9S 

--
.. PL. 05 

TABLE 43. DAILY DM, PROTEIN AND ME INTAIœS OF CALVESl 
(0 ... 5 WEEltS, TRIAL III) EXPRESSED AS A 
PERCE~TAGE OF NRC RECOMMENDATIONS.l 

Group Wks on Ma Grain Mix DMl protein1 MEl 

l " 3 CS 88.9 ' 70.3 

II 5 CS 63.6 '78.1 

III 3 -eG 88.9 92.6 
1 

IV 5 CG 66. 81.8 

l 'See page- 44 for derivation of values used. 

\ 

. -
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hl " 6 ",,' 12 W.el( p'eriod 
q } .. l.., (4 
-,~ Calf 'performance for the 6 to 12 week par ~od in 
... J #;~' .. 

----Calves whioh h.d been 

- "fad~l~ replacer for 5 we&ks and vere fed CG had the 10west 

/ , 

\ 

rate of-9&~n (signifioantly (P ~.05) lover than Groups l 

and II). They al,o exhibi~.~ the p0!lrest feed conversion 

(Table 44), OVera~l. calves fed CS grain mix grew faster 
1 t ' 

although this difference vas not significant (p~ .05) (Table 

45), Length of feeding milk replacer had no positiv. effect 
, "\ lit 

this time, and even calves fad the liquid diet for only 3 

weeks had better growth,although not significant (P ~,05)# 
" 

than calv~ fed 1iquid diet for 5 w,ets (Table 45)~ 
, 

The nutrient intakas of DM, protein and ME had im­

proved. in this p'f'iod (Table 46), Calves fad milk r.pla~~ 

for 3'~eeks had ~utrient intakas Aboye the NRC (1971) ." , 
"recommended requirements, w~eraas those fad milk ,replào'er 

- " for 5 we&ks wer. def.ioient (for some uriknown reason). The' 
. 

poor pex:formance of cal ves on the GrC?up xv diet (Tablf 44) 

maY,be related,to ~air insuffici~t total protein tntaka, 

as indica ted in Table 46, 

c) oveall Period (0 - 12 weaka) 

Calf perf~ce for'the overall period ia. shown 
J 

in Tables 47 and 48. Ther. vere no significant (p ~ .05)-

differences in ADG among the in~ividual groupa-(~able 47), 
1 \ 

.although the grouks fad CS grain mix 9r~ significantly ~ 

96 

... 

, 
\ 
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TABLE 44. CALF PERFORMANCE, 6 - 1.2 WEEKS. TRIAL III 

~~ ~ ~ 
,. 

Grain Mix 

Week. on KR J-
I 

Groups 

No. of An~JIIlls 

Av. 5 Week '1ft (kg) 

Av. Final Wt (kg) 

A.D"G. (kg) 

Total Feed Intake (kg/calf) 

Bay 

Grain Mix 

calf-Starter -
3 5 ~ 

1 II 

7 8 

55.5 60.7 

84.0 89.4 

0.58a 0.598 

41.8 31.5 
;> 

66.2 60.9 

Total Av. Dai1y DM .1ntake (kg) 1 .. 97 1.79 

Feed Efficiency (DM/Unit Gain) 3.2ZSC 3.09C 
~ # -;---

, 
C81f-Grovér 

3 5 

III IV 

8 8 , 
54.3 61.5 

79.9 84.5 

0:52ab 0 .. 4T' 

49.7 53 ... V 

64 .. 6 62.8 

2.09 2.12 
~ 

3 .. 9,u 4~6oA _ 

----

, 

SE 

.. 

5 • 3 _______ ' 

6.5 

0.06 

10 .. 5 

0 .. 4 

0.10 

0 .. 38 

o 

----

-

) 

" .,b Means not sharing a COJIIDOJ1 superscript are significantly (P < .. 05) dffferent 
----

A,B,C . Means not sharing a COlIIIIOD stfperscript are signfficant1y (p <: .. 01) dffferent ---
------ ~ ..., 

/ 

,J 
.- . 
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~T SQUMB laT~MATBS or TRBA~lGNT D~,rBRSNCBS IN. 
'WBIGHT GAIN OtG) "ND FIID UFICIENCl' (l{(h DM/!CG 'GAIN) , 

6 "" 12 WDXS., TRIAL' III 

, TreatonnE al€lmlted 
Variable Difference ' 1 Value. SB 

We'ight aai.n MaS "" _3 .. 2~23 .. 1.53 

" CS' ,.. CG 5.27 1.53 

Fead Efficiency MaS "" MR3 \ 0.26 0.2~ 
""-

" CS "" CG .. 1.15 •• 0.22 

l Sea Table 9, page 44 for derivation of values used. 

1. 
\ 1 

.' 

1 
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TABLE 47. CALF PERFORMANCE, 0 - 12 WEEKS. 

----
Grain Mix 

Weeks on .MIt 

Groups 

No.. of Ania1a· 

Av.. ln! tial Wt (kg) 

'Av. Final Wt (kg) 

A.D~G .. (kg) ~ 

Toul Peed Intake (kçVc~lf) 

Milk Replaçer (powder) 

Hay 

Grain Mix --Total, Av. Daily.--DM zntak~ (k g) 
" 1 

~~ 

Calf-Starter 

3 5 
, 

1 II 

7 8 

44.2 46.5 

84.0 89 .. 4 

0 .. 47 0.51 

Feed Efficiency (DM/Unit, Gain) 

9 
--
TRIAL III. 

l ' 

SE 

Calf-Grower' 

3 5 

III IV 

8 8 
'--.. . 

45.5 48.6 2 .. 4 

79 .. 9 84 .. 5 6.5 

,0.41 ' .' 0.43 0 .. 06 

A, B' Means with different ,uperscripts in the ,am row are aignificant1y (P <:. .. 01) 

a,b 

different. ~ 

Means wi:th different superscripts in the saDe row are si~ificantly (P ~ .05) 
different. 

~" ~J; 
" , .... "J ... 

- ~ ~ :~~ 

'" '" 

----

~'j,1 

.,;.; 
",' 

.~ 

',J 
~ ): 

l 

.' 

"" ,t 
J ,;; 
'-'~ 
'J 
I:~ 

~~ 
:~, 
", ,~ 

" ',' 

~ 

7' 

'..1' 

~ 

i 

- ,~ .. 
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c, 

... 

1 . 

" 

100 

(P < .05) more ('l'able 48 and Figure J) ~ 

Calves f~d CS grain mix had signiticantly (P 4!... .01) 
\ 

better feed'efficiency than oalve~ fed CG g~ain mix (Table 47). 

This ia also iidicated in Table_4~ vhich shows that calves 

fad CS grain mix neaded, on the averag8, 0.93 kg. 1e88 feed 
, . 

dry matter pel' unit of gain. 
/' 

Finally it ia cleu frQlt\ 'l'able 48 that the length 
~ 

of liqU~d milk r.~lac-f feading vas le8s important than type 
""'-of grain mix in determining calf growth. 

'l'ABLE 48. 

Variable 

W~ight Gain 

" " 

LBAST SQUARE ES'l':IMA'l'BS OF 'l'UATMENT OIFFE_l\:~ 
IN WEIGR'l' GAIN (!~G) ANQ FUO EFFICIENCY 
(~G. DM/XG. GAIN), 0 - 12 WBE~S. 'l'RIAL III. 

freatment Estimatëd 
Difference Values SE 

MR5 ..: ~3 1.35 2.79 

cs - CG 7.15** 2.79 

Feed Efficiency 
\ 

MR5 - MR3 -0.24 0.14 

" CS - CG -O~93** 0.14 
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3. Calf Health ~, , 

More ~alves scoured in thia trial than in the two 

.previous trials although the frequency was ~out the same 

(Table 49). Unlike Trial Icand II, no medications were 
, 

'given to' the ca~ves which were scouring. Instea4, the 
, i 

liquid diet was raducad until the scoùring cleared up. - This 

rnay have set,the calvas back a little. 

Apart fr~ scour ing, / the main hell'th problems were 

cough. and running noses~ These symptoma disappeared when 

tha animals were treated with penicilline Unlik~ the two 
.. .. . ~ 

other tria~s, penicillin was the only antibiotic used, and 
. } ,Ii 
it was used in much·less quantities (Appendix Table IV). 

~ortality was relative~y high in ,this trirl. Two 

calvas in poor heal1:h were on the trial and they both died 

fram pneumonia within 3 weeks. These calvas were replaced 
<' 

a~d one of the replacement calvas died accidentally in th~ 

the lat~er calf was used in the ,7th week. The da t~_ fr~ 
, 

o - 5 week period only. 
" ' 

1 
, 

TABLE 49. INCIDENCE OF SdOURS OyRING TRIAL III. 
e.,./' 

of' Calves 
No. of) Calvas l Group No. Scoured Frequency 

'-
l 8 3 2 

II ' 8 6 1.3 

III 8 4 3.0 

IV 8 4 3.2 

l Frequency = No. of times oné ca~~ scoured. 
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4. Fead ~oats c/~ / 

The cost of milk r.plac~ and gr.ain mixtures waab 

much higher in 1974 than in 1971 and 1972· (Tables 39, 6 and 
\ \ 

22). This explains the higher total ofead cost per oalf in 

Trial III) (Tables 18, l3' and 50>. However, the pattetn of 

total fead costa in Trial II~ ia sùl.il~ to those of Trials' / 
\ 

l and II d~ring the first five wa&ka of the trials. In the 

ovarall period, the total feed oost pattern was eloser to 
\ 

Trial l than Trial II ~Tab~es 18, li lll'ld SQ), but the' 
< 

feed cost per kg. gain was different • . 
Calvas led milk replacer for 5 we.ka (MaS) had 

significantly (P ~.Ol) highar total faed costs 'than calvas 
1 ~ 

fed milk replacer for 3 waeks (MR3) during the first S weeksl 
1 

~ 1 

this was _ reflaeted in the ovarall period of the trial 
1 

(Table 51) with no signifieant CP» .O~) differance in fead 

cost (FC) per kg- gain. On the other hand, although calves 

fed cslg~ain ~x had Sli9ht1y/higher total faed costs thanl 

those fad CG grain mix during the 6 to~2 week period and 

the overall pe7iod, the feep cost per kg gain was s~gnifi­

cantly (P .t.. .01) batter (Table 51). 
~\ "-...-.. 

The càlves ~n Group II had \~e h!ghast overall 
1 

total feed cost ($31.02 par calf). ~his is just 55 cents 
- , 

more than the total feed fost par calf in Group IV which had 

a lower ADG (Tables '50 and 47). The Only other group which 
- ~ 

-

camparad favôrably with Group II in tetms of waight gain and 

o 
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,. 
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------TABLE 50. CALF FEEI) caST' .. 

~ " 

Grain Mix 
, 
Weeka on .Ma 

Group' 

Peed Coat ($), 0-5 Weeks 

" Total l'Cl/calf. 
) , 

. 2 
~ PC!kq qain #. 

" PeedlCoat ($), 6~12 Weeks 

Total PC/calf 
} . . 

-, .PC!kq gain 

Peed COst, ($), Ô":'12 WeeJc.s"-

Total pct calf \' 
PC!kg gain 

1 FC = Peed Coat ~ 

" 

T1UAL III. 

/ 

Sbrter-Grower 

3 .. 
x 

12.408 

1~' 

15.43 

o 52b 
, . 

27 .. 7~ 

0 .. 6r> 

, 

5 

Xl: 

A 16.85 -

1 .. 35 

14.17 

O.50b 

.. 31 .. oil 
'0.7lb 

2 See page 59 for ca1cu1ation. 

u 

J 

,. 

Milk-Maker· . 

3 

IXI 

12.laB, 

2 .. 13 

14,...lA 

O.S6ab , 

26.33B . 

O.80ab 

5 -
rv 

'--.. 

l6.5SA 
, 

1.40 

13.92 

0.62a 

30 .. 4~ 

0.87a 

/ 

fa 

/ 

. '--... 

S2 .. 

O.SO 
~'" 

0 .. 63 -

---- 0.80. 

0 .. 05 

1 .. 50 

0.08 

A,S 
a,b 

Means wi~ different superscripts in the same row differed aignificantly (P ~.01) .. 
Means with different superscripts in the same row differed significantly (P<:t05) .. 
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fee<! coat was Group l wbien had a "total faed ooat per ,calf ~t 

. 
$27.72. However, as il'ldiQ~ted i.n .~le 47, there was no 

1. \ t ' 

~
gnificant CP> .05) difference betw.en Groups ,l:it ùd 1IAn 

\ . , • 1 -
". G a~d feed efficienoy. Moreover, apart tram the fact that 

, ' 

Group l h~~~.lower total feed bost (Tab1~ 50) " i t a1so' had 
~::.. /-' ~ , 

a lower feed. cost per kg of gain, and for this rea.son, th"e 
'1 • 

feeding regime of Gtoup 1· is the pref~rea ehoicè. 
\ 1 1 

TABLE 51. 
\ 

P.eriod 

weet 0 

Week 6 

LEAST SQUAAE 'ESTIMATES OF TREATMENT DIFFERENCES 
IN FUO COS!' «(:) AND PU:O COST PER UNIT GAIN 
(~/KG) ., . ~aIAL_.1II :'-, J"tl . 0 

! .. 1 ~ 

" Treatment 
) DiUerance 

Total 
'~eed Cost 

Fe&d Cost 
par 
Unit Gain 

cs - CG 

12 . MRS MR3 

~ ...... 
CS - CG 

25.90 

-72.65 

\ 14.16 
\ \ 

-33.25 

45.30 

-44.70 

2.44 

45 .. 60 

-8.$3, ** 

tfeek 0 - 12 MRS - Ma3 **' 378 .. 80 ' 
----;::::» 

6.10' 

\ .'-
83.30 

SE 

36.30 

3.00 

4.40 

CS ':' CG . 95.16 d " .' 
-i2.53*'" v 

~ r 

l SE Sta.ndard' errer of 'the mean 
** p J!... .. 01 \~, 

,-

J 

," 

() 

{ 

1 
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C. SUMMARY, OF TRIAL III. 
1 

In'Trial II~, a~ in Trial II, there ~re no siqnifi-' 

~nt (P > .05) differences in ADG ~ng groups (Tâbles 47 and 

30). Group II was the only g~up whioh achieve4 the antioij 
,\ ' 

. pated ADG of 0.5 lti1ograrns. (Nerall, oal'~es fed CS grain mix 
<1 \ 

(Groups l and II) ~had significa.n'tly (P L. • 01) bette~ feed 

106 

effioienoies (Table 48) and lower feed cost per unit of gain \ 
/ \ 

L-'(Table 51) than oalva. fed 'CG gra-in mi,., . Howejr, it must be 1 
noted th~t Groups l,and II were nçt signifioant11' (P > . OS) 

different in ADG, feed effi~iency and fead oost par unit gain 
\ / ( , 

(Tables, 47 and 50); and that Group l had a tot~l feed cost par 
... 

1 
calf whioh was $3.30 'less than Group II (Table 50).-
~ \ 

1 

Thare was same incidence of scouring in all four 

groups.' j Group 1" had the' least number of calves scourinq \ t.., . 
/. ' v 

(Table 49) and, inJaddition, r~CeiVedQthe!smallest quantity . '/ ' 

of ~ntibiotics (Appendix Table ..xV) ; - wherèas Group II had -the 
o , 

f 

\ . 

)1 
j 
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" ~~ 

;, 
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VII. INTEGRATED .SUMMARY A~ONCLUSION 

The effect of length of time of feeding milk replacer 

a'nd different types {varying costs} of grain mixtures on the 

growth of male Holstein calves raised for beef production was 

studied in three trials. The grain mixtures used in Trials 1 

and Il were Stë]lrter-Grower (SG) and "Mi"lk-Maker" (MM) which \, 

was 28% cheaper than SG. In-Trial III, the grain mixtures 

used were Calf Starter (CS) and Calf Grower (CG) which was 

11% less expensive than CS. Growth and feed efficiency 

resul~s for the three trials are summarized in Table 52. 

In Trials l and II it was found that calves fed 

milk replacer for 5 weeks (MRS) (Groups II and !V) grew 

better than calves fed milk replacer for 3 weeks (MR3) 

(Groups l and III). It was also found that in Trial l 

MRS ca Ives fed SG (Group II) had an average daily gain (ADG) 

significantly (P L. .05) higher than MR3 calves fed MM 

(Group III). In Trial III, hOwever, the resrllts indicated 

-

that calves fed the more'expensive CS grain mix (Groups land 

II) . had slightly highel'r ADG than ca Ives fed the-cheaper CG 

grain mix (Groups III and IV). 

In Tri~l l length of milk replacer feeding w,as more 
7 

important .in feed efficiency th~ type of grain mix. MR5 

calves had significantly (P ~ .01) higher feed efficiencies 

than MR3 calves (Table 15). However, in Trials tI and III 

Î 
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TABLE 52. C~ARISON OF CALF PERFORMANCE IN TRIALS l, II, AND III (0-12 WEEXS) 

'" 

J .... , 

Grain Mu SGI or Cs2 MMl. or CG2 . 

Weeks on MR 3 5 3 5 

Group l II III IV 

Trial , 
~ 

l t ADG, (]çg) O.S4ab 0.62a O.4Sb O.SSab 

Feed Efficiency (kg/kg) 3.59a 3.26b 3.65a 3.37ab 

0 

II ADG (kg) 0.55 0.59 0.50 0.61 

Feed Efficiency (kg/kg) 3.81 3.66 3.52 3.24 

III ADG (kg) 0 .. 47 0.51 0.41 0.43 

Feed Efficiency (kg/kg) 3.07B 2.66B 3.83A 3.75A 

• 

Starter Grower (SG) and "Milk Makér" (MM) were used in Trials l and II. 
Calf Starter (CS) .and Calf Grower (CG) were used in Trial III. 

SE 

0.07 

0.l.8 

0.07 

0.25 

0.06 

0.24 

l 
2 

a,b Means w1th differem superscripts in the saroe rew differed significantly (P ~ .05) • 
A,B Means with different supersc~ipts in the sarna row diffared significantly (Pc(.Ol).< 

n 
~, 
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-çp 
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o 
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type of grain mix had a greater effect on feed efficiency 

than length of milk replac~ feeding_ In Trial II dalves fed 

MM grain mix (Groups III and IV) had slightly better feed 

efficiencies than those fed SG grain mix (Groups l and Il); 

whereas in Trial III calves red CS grain mix (Groups 1· and II) 

had significantly (P L... _ 01) better feed efficiencies than 

calves fed CG grain- mix (Groups III and IV) (Table 52) • 

During the trials feed priees fluctuated from year 

109 

to year. Therefore, in order to make some meaningful comparison 

of feed cost between the trials, the feed priees of one year 
1 

were chosen and used in aIl three trials.. Table 53 shows the 

comparisons of total feed cost and feed cost per kg gain for 

Trials l, II and III, using 1971 feed pricés. Overall, the-

total feed costs of calves were highest in Trial land lowest 

in Trial III. The total feed cost in Trial l was definitely 

influenced by length of nùlk replacer feeding. Calves fad 
~ , 

milk replacer for 5 weeks had hlgher total feed cost,s than l' 
. / 

calves fed 1'll1lk replacer for 3 weeks. In Trials II and III, 

however, the type 
1 

m).ning total f-eed cost 

In Tr.ial ~I ca Ives fed 

cost~ than calves red l 

more important in deter-
, -

~~g~ of milk replacer feeding .. 

ra:l.n lIll..X had higher total feed 

and in Trial III cal ves 

fed 95 g,rain mix had hi~er total feed costs than cal.ves fed 

CG grain .mix. 

The feed cost par kg of gain (Fe/kg gain) in all • 
v , 

three trials0ranged from 38 to 51 cents (Table 53). Xn Trial l 

! 
1 

1 
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TABLE 53. "' - COMPARlSONS OF ~OTAL FEED COST ($} AND PEEl) COST ($} PER KlLOGRAM 
'L GAIN CEC/KG GAIN} :IN TRIALS l, II AND III US:ING 1971 FEED PRICES 

"" 

, 

o 

Grain Mix BG1 or Cs2 MM1 or CG~ 

" 

Trial 

,1 

'II 

~ 

'1112 
::-.. 

Weeks on ~ 
" 

Group 
.... 

Feed Cost 

Total 

FC/kg gain -
Total /\ 

FC/kg gain ) 

.. 
Total 

FC/kg gain __ 

_',3 

1 

21.04 'J 

0.48 

20.91 

0.46 

18.37 

0.45 

5 

II 

26.20 

0.51 

23.56 

0.49 

19.75 

0.47 

3 

III 

16.49 

0.44 

15.69 

0;38 

15.55 

0.46 

" 

~ .. __ .~~_.~_._-_ •... _--- . ------

l Starter .. Gr~wer (SG) and "Milk Maker H (MM). were usee! in Trials l -and II. 
2 . Calf Starter (CS) and Calf Grower (CG) were used in TriàT III. 

\' 

5 

IV 

22.47 

0.48 

19.59 

~.39 

17.99 

0.51 

-

" 
.( 

~ 
~ 
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Group, II: had the highest FCjk!f gain t5l cents} and Group III 
\ 

the lowest (44' cents). In Trials II and III FC/kg g+n vas 
.. 

apparently influenced by ei ther the type' of grain mix or 

length of milk replacer f~eding. Ca Ives fed MM grain mix 

in Trial II had a lower FC/kg gain than calves fed SG grain 1 
• 1 

mix, while in Trial III calves fed milk replacer for 5 weeks 

111 

o \ 
had à slightly higher Fe/kg gain than calves fed milk replacer ~. 

for 3 weeks (Table 53) .. 

The groups which showed the best overall growth 
( " 

and econo:mic t:terformance were: Groups l and IV of Trial 1; 

Group IV of Trial II: -and Group l of Trial; III. Because c> 

Group IV of Trial t~ ~ad the highest ADG (0 .. 61 kg) and the 

lowest FC/kg gain (39 cents), it was considered the best 

group of alll three trials. 

In concl\J,sion, i't seems possible that dairy beef 

calves could be successfully t.a.i.sed-'Jlnder conditions similar 
\ . 

to those of Group IV in Tr laI II; tha t ls, a longer time of 

feeding milk replacer and a cheaper grain ~x (MM). /l'he diet 
t-'l \ l '~'7 

for tbis groupjtincluded: (1) milk replacer_ ~ (about 0.45 kg 
f 

dry power per day) for 5 weeks; (2) limited (up to 1.4 kg 

per day) quantities of a cheap grain mix (MM): (3) 900d 1 

quality hay ad libitumi Jnd (4) water free choice. If feed 

price differentials dictate a shorter milk replacer perioi,. 

1, ' " d" th " tÙ\O\J f resu ts from Trial III l.n l.cate at a more expensl.ve oZ I:"'e 0 

grain mixture·should he used. 

/ 
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FLUMETHAZONE 

SULFAMETHAZlNEa 
* 

CHLORAMPHENICOL 

P~NICILLIN G 

ENTEFUR .. A" TABLET 

1 
-DIAMYCIN Il TABLE'!'-

"PBNBRITIN" TABLET 

," . . ,... . 
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ANTIBIOTICS USED 

" 

6 " 9 "Difl;.uoro Il , 
17 , 21 tri.hydrQlCY ,- l§ - methy1pregna - l ,t 

4 - diene-3, 2-dione 

" 

NI - (4,6-dimethyl-2-pyrimidimyl) sulfani1amide 

c D(-)-threo-2,2-Dich1oro-N- . -hydroxy- -
(hydroxymethyl)-p-nitrophenethy1 acetaDdde 

Benezylpenicil1in Eotassium 

Nifuraldezone Vitamin A bismuth subsalicylate 

Each tablet co~tains~ 

Streptamycin Sulfate (as base) 
Su.lfamethazine 

c Sulfamera2ine 
Su1fathiazo1e . . 
Potassium,Cnloride 
Viotamin A 
Vitamin D 
V'itëimin K 

, ' 

Each,tab1et contains: , 

~picil1in~ 

o 

100 mg 
50.Q mg 
500 mg 

,. 

1;000 mg 
500 mg 

10,000 I.U. 
1,000 I.U. 

10'lDg 

100 mg 

1 
• J 

1 
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~PENDIX TABLE II. ANTIBIOTIC SOLUTIONS USEO IN' TRIAL I. 

..... 
-' 

~_)~,nt!l:~A~1;J.c~Sol. ~~~~ll~ (çc t No. of 
Petiod Group Calves Penicillin "'Chlora;r ~ -su1faiœ? Flun'éthazone . 

-----l 

Wyk,O~S _ l B 58 32 25 

II 7 48 

III 8 • 58 18 125 l 

:LV 8 60 ... ' ----
~--'-~-~--_.- -- .. _--

Week 6~12 l B 14 ~ '"'t 

II 7 

III', 8 2) . 100 
/ ~ 

IV 8 -;---- - -----~ '-
• ' ~ .. \ 4 

Week 0 ... 12 - i cc;" 8 72 32 25 \ . 

---• II ..,. 48 .. .. 7 

III 1: - fi- 60 18 225 1 

IV 8 60 ... 
o ~. 

------1 

l Ch,lora nphenicol, 
2 Su1famethazone ....... 

------
. r 

, 

.... 
~ N 
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~~ ~' 
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APPENDIX TABLE III. 

Group 

II 

III 

IV 

No. of Calves 

9 

9 

9' 

\ . 

\ 

J 123 

,ANTlBIOTIC SOLUTIONS USED IN .tRIAL XI .. 

\ 

Penfcililn StreptoBfcin Cortisone 
1" •••• 

205 

220 

168 

. " 

\ 
\ . 

\ 

. , 

1 

15 

5 

51 
1 

1 

1 , , 

1 

1 

2 

1 

'\ 
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APPENDIX TABLE IV .. 

Period 1 Group 

Week- 0 .... 5 ~ 

- II 

11;1 

IV 

Week 6 ... 12 1 

II 

III 

rv 1 

1./ 

Week 0 ... 12 l 

II / 
III 

:IV 

1 

.. 

, ) 

1 
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1 1 

,. 

ANTIBIOT~CS USED IN TRIAL III~ v 

r 

No. of Cal v/es 
1 

8 

8 

- , 
8 

8 
'. 

7 

8 

8 

8 

/ 

7 

8 

8 

8 
" 

f • • ~ .. '" • • .. ~ ., ... .. • • .. • • 

....... , 

/ 

, 

\ -

penicillin (cc) 

5 

35 

45 

,,2~ 

5 

35 

lO 

10 

.. 

10 

70 

55 

36 
" 

1 

\ 
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APPFNllX 'JM,IE. V, ~ fEE) ClliT, '1lU7\L !: 0 - 5 MEKS 
.. . . 

~ "" , ...... , , ..... , ...... " .... ,",' , ...... '-' "'" , ..... " ...... , ..... ,,\,. .......... ,,-' ", ....... ,'-" ................ ",,, ,'- ..... ''- "'" '-"'" 
• 4 , • .. « , , 4 •• ; 0, 

calf Wt. Gain '" ' Total Fesl cœt 
. , 

Feed 0Jst J'er. JI}.. Gain Group 
(kg} $ / '$ • 

l l 19.09 9~O5 0.47 
2 28.18 9.72 0.34 
3 2.73 7.39 ~.71 
4 17.27 .9.U 0.53 

~! 17.73 9.28 0.5~ 
16.82 9.62 0.5 

7 23.18 10.96 0.47 
8 3.18 6.83 2.15 

- 0.9; x 

1 Il il.82 U.65 1.07 
.1 2 25.00 14~41 ' 0;58 

3 19 .. 09 14.39 1 

" 0.75 
4 21.82 15.36 

J ,r ~,~ 

0.70 , 
5 10.00 12.92 1.29 
6 17.73 14.U 0.80 .\ 
7 19.09 14.33' 0.75 / f " 'V. 1 

• -
1 

x 0.85 
r;-

I 8.64 6.90 '0.80 
2 6.36 7.73 1 1.21 
3 17.73 8 .. 31 0.46 
4 /< 5.91 6.73 1.14 
5 16.36 9.," 

" 
0.57 

6 15.00 9.13 0.61 \ 
7 1 9.55 8.25 0.86 
8 19.09 8.51 0~44 . . 

1 
(1 

i~-...l 0.76 f 
1 IV 2l.36 13.67 

~ 
0.64 1 2 12.73 12.60 0~,99 

3 "9.:55 il.83 1.24 

! 15.46 12.61 e-lr '16.36 . 1 13•70 .84 
.." 2l .. 82 14.96 1" .69 

7 9.09 12.67 1.39 
8 15.91 14.07 0.88 - 0~94 

1 
x 

e r: 
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APPfX)IX 'D\BtE VI. CAJ.E Fm> cœ"r { 'llUAL I: 

Wt. .. Gain ~.~ Jreed <bst 
(kg) 

f 
$ 

1 I 25.91 11.68 
2 36.36 

, 
13.73 

3 30 .. 91 10.99 
4 20.91 10.85 
5 -/30.46 12.57 
6· 26.36 11.77 
7 38.64 ::' 14.06 
8 - 25.00 10.72 

/ 
.. ;7 ... 

/ 1 II 28.18 110.58 , . 
\ 

2 33.64 ~ '13.72 \ 3 33.64 12.01 
4 f 33.64 11.90 
5 .41.36 12.97 
6 31.36 11.53 
7 39.09 12.53 

/ 

1 22.73 8.10 
2 29.~ 8.13 
3 29. 5 8.71 
4 lB. 18'" 6.88 
5 28~lB 9.27 
6 29.55 9.40 
7 • 24.55 7.83 J 

8 25.46 8.62 

/ .\ 
1 IV 28.18 , 9.07 
2 33.64 9.46 
3 20.00 7.15 
4 35.00 8.94 
5 35.91 9.16 
6 37.73 11.34 
7 33.64 8.51 
8 4~.91 10.06 , 

/' 

----~-
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6 -12 WJmBS 

/ 
/ 

! 
~ Cbst Pet' lC'g. Gain 

$ 

1 0.45 
0.38 
0.36 
0.52 
0.41 
0.45 
0.36 
0.43 

-x 0.42 

0.38 
0.41 
0.36 
0.35 
0.31 
0.37 
0.32 Il - \ q x 0.36 

0.36 
0.28"-
0.29 
0.38 
0.33 
0.32 
0.32 
0.34 

x 0.33 

0.32 f 

0.28 
0.36 
0.25 
0.25 
0.30 

1 0.25 ;. 

0.25 \ 

-x . '0.28 

-~ 

/ 

1 

1 

Î'\ 

,~ 
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GD 
APJ?QD!x 'D\H,E VII. CALF Fœ:> cmr, 'm1AL I: o - 12 w.EEZS 

~b 

Cali Gtwp Wt .. Gain 'lbtal. !eed Cbst hed Cost Par &J Gain 
Qsl $ 

, 
$ 

1 l 45.00 20.73 
\ 

0.46 , 
2 64.54 23.45 0.36 
3 33.64 18.38 0.55 
4 ,38.18 19.97 0.52 
5 48.19 21.85 0.45 
6 43.18 11.38 0~49 
7 61.82 25.02 j 0.40 
8 28.18 17.54 0.62 

-le 0.;48 

1 ~II 40.00 23.33 0.58 
2 58.64 28.13 0.48 

1 • 3 52.13 26.39 
1 

0.50 
4 55.46 27.26 0.49 
5 51.36 25.89 0.59 ' 
6 49.09 - 25.64 0.52 ~ 

7 . 58.18 26.86 0.46 

1 
-x 0.51 .... . ' r 

1 III 31..J7 J.S.OO 0.48 
2 35.45 15.86 0.45 
3 47.28 17.02 0.36\ 
4 \./ 24.09 13.60 0.56 . \) .. 
5 44.54 18.-71 t 0.42 
6 44.55 18.53 0.42 
7 34.10 16.08 0.47 
8 

J 
44.55 17.13 0.38 -x 0.44 

1 ~ 

1 IV 49.54 22.74 0.46 
2 46.37 22.06 0.48 . 3 29.55 18.98 0.64 
4 ~0.46 -.> 21.55 0.43 
5 , 52.21 22.86 0.44 
6 59.55 26.29 0.44 
7 42.73 21.17 0.50 r 

1 8 . °56.82 24.13 0.42 ) - - .r' 

-/ X 0.48 . 
. 

1 / j 

Il 
1 

-,' '0. 

1 
... 

i / 

/ 
j. 

J 11,.,.. ... ~ ....---.... ~ ..... 

1 



128 

{) 
APPEm!X.'mBLE 'VIn. 

( 

CAIF Fœ> <DST t ~ II: . 0 - 5 WEŒS 
r 

Calf wt. Gain 'lOta! FeEd Q)St Feed Cœt Per Kq Gain 
(kq) $ $ 

1 l 9.55 7.09 0.74 
2 14.09 9.75 0.69 
'3 20.23 8.67 0.43 
4 17.73 8.94 0.50 
5 20.00 8.29 0.41 
6 29.32 9.83 ' 0.34 
7 18.41' 7 .. 53' 0.41 
8 4.32 5.45' ~ 1.26 
9 10.46 6.08 ,0.58 ' 

-x 0.60 
/ 

1 II 10.91 8.72 ,0.80 1 

2 1 4.37 7.84 1.79 'f 
'J' 

3 1 20.23 10.75 0.53 
4 16.14 9.26 - 0.57 
5 ~ 16.36 9.52 0.58 '-

6 28.18 12.12 0.43' 
7 , 17.73 8.95 0.50 \ 
8 l ' 23.64 11.21 0.47 
9 28.18 li. 69 0.41 

.:. 
x 0.68 

1 III 13·11 7.40 0.55 1 
2 \ 18.41 6.91 -

1 
0.31 

3 17.50 7.'04 0.40 
4 18.18 6.32 0.35 
5 0.00 4.37 - 4.37 
6 15.91 6.73 0.42 
7 1l.36 6.65 0.58 
8 . 3.18 5.69 1.7~ 
9 14.32 6.05 0.12 

- '{ 

x 1.03 -' 

1\ 
·1 

IV 12.05 8.55 0 .. 71 
2 .' 15.68 9.36 0.60 
3 -;-' 29.55 16.81 0 .. 37 
4 8.64 6.61 0.77 
5 11.;2 7.90 - -:- 0.67 
6 17. 3 - 9.19 0.52 

4/ 7 26.82 10.37 0.39 

e ~ 8 11.27 9.56 _ 0.55 ,'r /. 9 26.82 - 16.73 ~.40 
Il 

~i055 

1 ( ,~ 

/' 
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e 
APmtllX 'm.B[B x. CAU' FES) CŒ'l', 'llUAL II: t&-UlEDS 

/. -----i 

• calf Group wt. Gain ~ ?eedCost Feed Cbst Per Kg Gain 
(kg) $ $ 

./> 

1 l 26.82 19.02 0.52 
2 46.36 23.10 0.50 
3 51.14 22.30 0.44 
4 53.64' 22.75 0.42 
5 46.82\ 20.93 0.45 
6 65.23 24.37 0.37 

1 
7 46.59 21.34 0.46 
8 29.78 • 16.91 0.57 
9 40.01 '19.09 0.148 - 0.47 l 

\ 
X 

" ."... '-~ -----. 
1 -----n 40.91 21.68 0.53 
2 33.01 19,,94 0.60 ~ 3 1 '47.05 < 

23.65 0.50 
1 4 42.05 22.26 0.52 

5 48.63 21.88 0.45 
6 62.27 26 ... 59 0.43 
7 52.28 21.94 0.42 
8 55.91 

. 
25.59 0.46 

.9 
1 62.73 25.23 0.40 

,; - 0.48 x 

1 III 47.05 16.77 0.36 
2 48.8~ 16.79 0.34 
3 54.77 16.94 0.31 
4 50.00 16.22 0.32 
5 25.00 U.83 0.51 
6 44.09 16.04 0.36 
7 42.27 15.84 0.37 
8 '" 22.73 13.94 "'- 1 0.61 
9 ,41.59 15.94 . 0.38 

" /' -x 0.40 
\ 

1 JY 46.60 18.31 0.39 
2 57.04 19.36 0.34 
3 60.46 21.92 0.36 
4 40.46 15.85 0.39 
5" 39.55 17.40 0.44 
6 '47.73 19.09 \ 0.40 
7 62.28 21.54 ~~ 0.35 

«1 
8 44.~ 19.09 '\ 0.43 
9 62.7 21 .. 64 0.34 

x 0.38 
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APPmJIX ~ XI. 

Calf 

1· 
2 
3 
4 
5 
6 
7 
8 

1 

1 
2 
3 

:.4 
5 
6 
7 
8 

1 
2 
3 
4 
5 
6 
7 
8 

1 
2 

, 3 
4 
5 
6 
7 

18 

;' 

I 

ID: 1 
• 

/ ~ 1 

~ 

. ~ 

QUE n:m:m; ~, 'DUAL 'lU: 0 - 5 WJŒ2(S 

wt. Gain 
{l(g} 

1 

8.64 
13.J.8 
5.91 

16.82 
16 .. 82 
13.18 
4.09 

18.64 

21.36 
6.36 

19.55 
il. 36 
15 .. 00 
9.09 

13.18 
17.73 . 

7.27: 
5.45 
1.82 

10.91 
9.09 
7.27 
5.00 ' 

23.18 

6.36 
, 9.09 
il.82 
13.64 
15.91 
20.00 

/ 

'\ 

15 .. 45 l, 

10.91 

U .. 93 
1.3.05 
ll.88 
14.22 
ll.05 
11.76 
11.06 
13.22 

1 18.69 1 

15.84 
18.,~ 
15.41 
16.53 
15.99 
16.64 
17.21 

ll.67 
11.70 
ll .. 59 
13.88 
11.59 
10.44 
1l.15 
15.45 

1 14.22 
15.74 
'16.79 
17.02 
16.63 
'18.14 
~~.35 
~.49 

1 

... 

1.50 
0.99 
2.01 
0.85 
0.66' 
0.89 
2.70 
0.70 

le: 1.29 

-

0.88 
2.49 
0.95 
1.36 
1.10 
1.76 
1.26 

. 0.97 

\ X 1.35 

-

1.65 
2.15 
6.37 
1.27 
1.28 
1.44 
2.23 
0.67 

le 2.13 

2.24-
1.73 
1.42 
1.25 
1:05 
0.91 
1.12 
1.51 

-X 1.40 

131 
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1 
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o~ 
APPJ!N)1X 'mBr..E XII. 

\ 

CAU Fœ> <mI', 'DUAL nI: 6 - 12 WEEI<S 

, 
Calf ;Groop Wt. Gain 1 ~ Feed Cbst Feed Olst PeI' Kq 

Ckq) $ " $ 1 

1 l 26.14 14.57 0.56 
2 42.05 15.60 

~' ,j 
0.37 

3 1 25:-91_; . 14.48 0.56 
-4 31.36 16.53 0.53 

• 5 ~.32 16.43 0.56 
6 27.27 14·39 ( 0.56 

\ 7 31.14 15.03 0.48 -x 0.52 

1 II 24.32 15.81' 1 0.65 '" 2 27.50 13.79 0.50 
3 34.55 16.01 1 0.46 

"- 4 25.91 1l.29 0.44 
5 30.91 15.04 ~ ___ - 0.49 
6 25.00 , 11.89 . 0.48 ), 7 29.55 13.44 0.45 

~ 

l' 8 31.8~ 16.05 0.50 
-x 0.50 

~6.36 
' / 

1 III 13.78 0.52 
2 25.00 13.85 0.55 
3 21.82 12.39 0.57 
4 26.1.4 14.66 0.56 
5 27.73 ,1>14.66 .0.53 
6 29.09 14.36 0.49 
7 19.09 13.09 0.69 
8 30.00 16.36 0.55 

\ - ·0.56 x - " 

l IV 23.64 12.85 0.54 
2 15.00 12.94 0.86 
3 27.73 14.79 0.53' 

i 4 20.23 13.46 0.67 
5 22.27 13.84 0.62 
.6 22.73 14.92 ' 0.66 / 

7 23.18 14.48 0.62 
8 29.09 14.10 0.48 

, / - 0.62 x 

.:: 

e 
" • 

\ 1 , 
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o CAU' Fœ) OOST, TRIAL nI: 0 - 12 WEEl<S 

. 
cal.f Group ~ lit. Gain ibtal ,Feeci Olst Feecl Cbst Fer Kg Gain 

1 
Otq) $ $ 

-" 
j , ' v ';:-.~ ... 

1 l 34.78 27.50 " 0.79 
2 55.23 28.65 0.52 
3 31.82 26.36' 0.83 
4 48.18 30.76 0.64 
5 46.14 27.48 '0.60 
6 40.45 • 27.15 0.67 
7 35.23 26.09 0.74 \.. J" 

~ 

J 
x 0.68 

1 1 II 45 .• 68 34.50 .0.75 
,2 33.86 -29.63 0.87 
3 54.10 34.51 0.64 
4 37.27 

l ' 
26.70 0.72 

5 45.~ 31.57 0.69 
6 34. 27.88 0.82 

# 7 42:73 30.08 0.70 
,1 '8 49.55 33~26 0.67 

-,x 0.73 
\ 

1 ,II! 33.63 25.44 0.76 
30.45 25.56 

~ 

) 2 0.84 . 

f 
3 23.64 l 23.98 \ 1",01 
4 37.05 28~54 0.77 

15 36.82 26.25 0.71 
6 36.:l6 24.80 0.68 

\ 
7 24.03" 24.25 ,1.01 
8 53.18 ;1.81 0.60 

~ 

X 0.80 
. 

l IV JO. 00 27.07 0.90 
2 21 .. 09 28.68 1.19 
3 \ 0 39.55 31.58 0.80 
4 33.87 30.48 0.90 
5 38.18 ' 30.47 0.80 
6 42.73 . 33.06 o.n 
1 38.63 31.83 0.82 ~ 

8 40.00. 30.59 0.76 
·x, 0.87 

, 1 


