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INTRODUCTION. 

It is startling fact that each year in New 

Zealand, the digestible protein lost for human consumption 

through the inefficient conversion of dairy by-products 

into pigment, is approximately twice the total annual output 

of protein in lamb and cheese; and the food energy lost 

nearly equals the energy in these two cormnodities (Filmer 1944). 

Though a proportion of the loss is through the associated 

feeding of co~rse grain and meat meal, and also some from 

whey, the great majority arises from the feeding of skim ~ilk 

and buttermilk which are of irmnediate human nutritional 

significance. 

The case for making these high quality foods 

directly available for human consumption is strong, despite 

any repercussions on the pig industry and notwithstanding 

such economic considerations as secure markets. I n order 

to do so it is obvious that the raw materials must be 

processed to reduce bulk and i mp rove k eep ing quality for 

transportation. The utilisation in this way of skim milk 

is set back by the considerable problem of its collection 

from the cream supplying farms, though it may be easier where 

the density of these in an area is high. Since the butter­

milk is produced at the dairy factory, this difficulty does 

not apply. 

For many years the United States has dried butter­

milk until now about 30% of the total creamery output is used 

in this way (Hunziker 1946j, production of dried buttermilk 

having remained fairly steady during the past fifteen years 

or so at about sixty-six million pounds per annum (Cronshaw 

1947). Much of this is made from sour cream, being thus 

used almost exclusively for animal feeding, notably hens and 

pigs. In New Zealand, however, the buttermilk is mostly 

derived from sweet cream. 

Within the last few months (1949) the British 



Ministry o~ Food has entered into a six year contract (vit 

rrangements for its renewal) Vlith the New Zevland Dairy 

Products Marketin~ OormniRsion for the su~ply of dried 

buttermilk powder the firRt yeer 1 s price being ~60 per ton. 

It is to be hoped that thiR i~ only a start in the more 

enlightened use of dRiry by-products, for 7~% of all mil~ 

prod11.ced is used in butter manufacture, and only about 

one-tenth of this by volume, containing co~aratively little 

of thP. non-f'atty sol id.s, comes to the factories as cream. 

Unti} this contract, New Zealand has annually been 

nroducing about thirty thousand tons of preserved milks 

(N.Z. Dairy Board 1948) of which 80% ha~ been condensed or 

evaporated. Th~ e~ount available for animal feeding has been 

sna11 being mostly lacto9e mother liquor (not included in the 

above), and a few factorie~ have been supplying dried butter-

milk at the cost o-f threepence a :p01md. ~ow, because o~ the 

overseas demand, this price has risen to sevenpence 

(approvimately £60 per ton). B:o rlever, not e.11 the export 

:rroduction will be suitable for human consunIJ;'tion. McDowell 

(1946) states that in the case of a butter factory with an 

output of two hundred tons of the dried material, abo11t one 

hundred and fifty tons might be suiteble Whether or not 

this is undul v pessimistic fron the factory ' s noint of view, 

it does indicate that thPre will be fair supplies for stock 

feeding, and these hould not be sold for the full price. 

The. particular interest to New Xealand farmers 

lies much in the use of the dried buttermilk fnr c~lf feeding 

on farms supplyin~ cheese factori("c;, conden°ories or town 

milk. The problem in striking a balance between growing 

aooa calves, vet feeding the minimum quantity of whole milk 

is considerable, although it is met in some caseA by letting 

cal veg 01.lt fox• rearing, or in le""~Ar degree by feeding meal c,. 

But the :possibility of a good, reasoneblv nriced, Runnly of 

'dried buttermilk, found to be of value in c~lf rearing, 
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Wt)U1d 1m1 .. c1~. ~:-;irnpJ.j_:f.';y- t11e r,os:i.tior,. For this, the ~rob8blA 

eir:ht lnmcl1:ec1. tons, w5.tr.i fm.n· hundred and f:l.fty tons ,'2B ~:i 

1rhc;"; 1nea1 rnarket ic; not t.be onJ~y- outlet :f'cn• second 

In TI.:neJ.ancl the c~oncentPation on the licr1.:i..a. 

m:l.J.k tparJe enr' the e.1most. comr)1 ete absence of ~my fresh m:llk 

JJU:r•chi~Ged dry b;y the 1-rnndrea .. we:i.ght ~m.d. mnde u11 et the rate 

Many of thoE:;e contain 

a.Pied m:i.1k prnduct~,, o:f'ten tJ-1osfl :i.ntended for· hu.im:m 

consurf[)tlon (mo,stl:y from. the Uni.-ted Stet es) vrh:i.cr1 have 

dete1•:i.0PG.te<'l c:tur•ing ca:r::r:l!:Je;e. Since the Ur;.:i.tea I<::i .. n1,:;d.om 

Zee1end contract ca11s ·eo:r.• the suppJ.y of the bu.tterm:i1k j_n 

::ir:➔.eks on1y~ n.:na. not drumf.; o:i:• l:H:1.r-r>elG, :tt seems likely tht:..t sorne 

ce.n he f'o1-er;een thePe wi11 not for meny yeaJ:s be any 11.:rnrnlef1bJ.e 

:r'8J'.).t;:ing fx-om onA sh:LJ.J_j_ng and e:Lghtpence in summer to v,re1] 

The price of these 

per huriclr•ecl'we::ight nnc'l the new })J>:i.ce :f'or ro11eI· bu.tternd.J.k 

powder for-· stoc1< :eeea:i.·.r;g :i.2, :f.'our>ty--four sh:i1J.h1f:.:s 1::1nd. nine-~• 

'.L'huB on nJ.1utinr;, t.he coc:It of these feedf.1 is fou:i:-.,. 

pence or f:i.ve:pence 8. gallon. }l1s.r] y in 1950 the subsidy· on 

e.:n.:i...nm.1 t'eeding--stuff'::.; bou.ght bJr the Br:i.ti.sh farmer iB to be 

Oof::t per> ga1Jon ( diluted substitute) vr:i.11 tb.en be apJJroxima:tely 

l:d.xpence., 

introdu.ce a man11f'ectu1:a:i.n.g price :ror surplus m:i.lk of' say E~ 

shi11lng a gal1on, OP who1ef~.ale prleAs were to be 1:>e<luced:, 



t.he wintep monthFi. 

It :l. r:; :t1eceBe,1::n:>y to f3UJ/!l1 ement them. with some 

concent.raten. ene:i:>gy· :f.'ood, f'or• thE:J non-f'ritty i:-,o1i.df3 represent 

on1;y hf1.1f' the energy content of whole m5.JJc, a:nd ro1l ed nf,ts, 

:r1aked m1:uze, bran, linseed ca}ce mea1 and :fish met:11 EJr~, o:l"te:n 

fed. However s1..1.ch s. mj_ -:-::tuJ>e w:i .. D 1:1.J. r10 be zi ven in 

con;junction with who1e m.:i.D,:. 

It mr'<:r be quei::;·tioned whAther the 1;:irice of' (1rj ed 

hut t errn.i l}~ However.~ 

these are the first years of large scalA production and initieJ 

outJ.a;y in :nlant r:tnd bn:i.ld:Lnr,: ha::~ been f'a:i.r1y heav?·, ~!O thrci.t 

the price is justified even if as an insurance against 

:non--renevrnl of the over•seas contract. 

Mention must 

:r-irobab1y cont:i.nue to be, a wi} 1:i.ni:;: marJr.:et for' gpa.nt:1..ties of 

f!r:i.ed mD.k }:J>odnctF. 

Table I rives figures for the total milk powder 

I.nrportR o:f' the Un:1.t.ea. I<:tne:c1om (Mont111y Dii:;_i:eBt o:f' Sti:.1-ti.st.lcEJ 

194-9 ),, 

19~'55 
19~'56 
1937 
1938 
)94:4 
194fi 
1946 
1947 
1948 
194,9 

rr.A.BLE J. 

u. I<:. Mill{ rowd.1?.r :i.m!.)OJ:>ts ( '000 torn=,) Monthly 
8.Vf~r-Eiee,, 

( ~-:-, r~~f.. !~1 ;r ... •. ,. u .. 
months) 

o. 9 
1 .. 0 
].,, 53 
1. 5 
6.9 
2. 5 
0.] 
4. ;5 
1. 7 

<1.. 8 
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st.ates thf:·it he belj_evef, Brjt[-1:Ln can ur,e eom:d.de1•f.i .. bJ :1 lncr•ea f:Jed 

q11.antit;j_ei::! o:f' Rome of' the d.a:Lr·~• b;v-~:r:rodr:i..cts now be:ln1.:;: 

cleve1crpea. in New :~er\J e.na., r>ef'ep:i:•j.:r1r1: r,1:n:tim1J. e.P1;r to rJlr:Lm 

rrd.lk :c)owdel' 13nd. bntterinillr r<wlder>, which hA cons:t(lerr':1 hiorve 

f:reAt I•Osi=ii.h:i.J it:i..eE eheAcl of' therri f'm:• 1:u::1e in brfH,,d ~3.ncl other' 

I'~,oduct f3. 

'l'h:i demand is at pi->esent. 1ar-ge1y met by :i.mpm:-ts 

:f.'i>om the Unltea Stetef1, but becaLurn of' Britain's ef:f'o1.,ts to 

purc1H:1f3e whePe pOfH:dbJ..e frorn non--d.ol1ar smn:•cei::1, I\Tew Zee.J.anc3 

has rreat O])portun.1.tie:::::: for d.eve1o:;:i:tne; the export o:f' <Jri.ed 

rni..1ks ic:;o that they become an lmpo:r"'tr,m.t contr:i.nut:i.on to heP 

nat:i.onf,:1 income .. 

It was with thPse broa~ considerations in mind, 

the.t. this stud::' o:n a !)a:rt:i.cu1t:u• Aspect o:f a.ried hutt.erm:i.1lr 

u.ti1 lFir-it:!.nr, waf:; u.no.ert.r-:iker,, 



ca1cul. t 

► v.rnr:.:: eqt2ivel~nt :i.n feedine; va1·u.e 

to the }att0r AP j by the ~rowth of c0lves to weaning. 

It wes elso felt thet 

Pediaree femaJ.e ~ersey er~ Frieoian celves from 

the CoJ].e 

on variou2 drie~ dairy products concluded that they could be 

at:Lve 

P,\1tte-r•m:i.J1;: :i.tse1f hos lon;:~ 'heen feel t.o caJ ves. 

'.Dhu.F: Ot:Lr:s (J90 1t) r:ihm·redfrheyonc1 a doubt;) thi:-,t cr-3.JvcD conJ.('l he 

success~1Jl~r raised on it, and th:ts e::x:pex•:i..rnent h.Hci 1 eEis 

trouhJe from scours in the ~~t fed c2Jves thRn those 

:fed. Areh:i.bnJ d ( 1916) found :i.t r:::1 :i.e;htJ.;y- r:n.1.pe:r-io·r• to 

cautimls 1 notine that ~1tte~nilk h~s pr2cticaJ.ly the seine 

C.OllTflO !::: :i. t :i. r1n fl~~ lrn. rn:i.Jl;:_, bu.t 

of fa·t and has a certain acidity. 

i3hou1d he JH,steurtsed, · e.nO. since :i.t may be son1ev/hat .more 

vef~ who1e rn:i.1k 
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until two weeks of age, and then changed them to condens~ 

buttermilk during the following two weeks; after this 

condensed b~ttermilk only was fed along with alfalfa hay 

and a grain mixture. The animals made daily gains of 

1.3 - 1.6 lb. until they were four to six months old, being 

fed l¼ lb. per day of the condensed buttermilk initially, 

increasi. ng to 4 lb .. per day at three months. He noted that 

the calves were not subject to scouring as often as occurred 

with skim milk feeding. 

Rogers Johnson and Albery (1926) have developed 

a method of preparing a condensed buttermilk with good 

keeping qualities, in which a culture of streptococcus and 

a rnycoderm is used to develop an acidity su.:t'ficient to 

prevent growth of micro~organisms, the acid buttermilk then 

being condensed in a vacuum pan to appro«i mately one third 

.its volume. The feeding value of the buttermilk is reduced 

since much of the lactose is reduced to lactic acid, as shown 

by the fol~owing figures on composition (Hunziker 1935). 

Total solids 25.00 - 32. 70% 
Fat 1.00 - 2.60 
Protein 9.00 - 11.85 
Lactose 3.96 - 12.00 
Ash 1. 70 - 7.51 
Lactic acid 4.30 - 6.19 
Water 6, .30 - 75.00 

The packaging and transport costs of this bulky 

and acid liquid - requiring wooden barrels - are high, 

but despite these and other disadvantages, large quantities 

are produced in the United States, being known as "semi-solid" 

buttermilk. 

Rupel (1929) follil:d this product fai r ly satisfactory 

for calf rearing, but less economical · than skim milk. An 

experiment at the Idaho station (1929) agreed on this point; 

it was found difficult to change a group of four calves from 

sweet milk to semi-solid buttermilk, the animals being less 

thrifty than those skim-fed. They also scoured until they 

began to eat quantities of hay and grain. 

Morrison and Rupel (1926) fed semi-solid buttermilk 



to ca1 ve n given rt mi:rd.mum o:r who1 e m-ilk thr:~n ,JOO J.b. ) 

which was dlscontlnued r.,.t seven to ni.ne week:::; old. Given. 

over ca1ves rrett:i..ng whole milk., both gr>oupr:~ 1•ece:i.v:tnrr. haJr and 

However, the cost of feeding was increRse~ 

:ii~c1r:1.es e.nd (}u11iclci=mn (1924) conducted Em. 

exp eJ.::lrnent usine a ,rer'Y' small :nmnber of Cl':'llves (f':i. ve), o:r 

different breeds and sexes. This heterogeneity and paucity 

of' materiH1 is the gr-e:::.i·t~ weak.ness o·f' mo::,t. of the 0:x;per:i.ment::, 

here rev:l.ewea. 1J:lhey r•eaPecl. the calves on condent'H~d. o:r• 

powdered butt.e:r.-m:Uk, eflch be:Lne: djluted I30 1:u., to g:i:ve a 

simi11)P totaJ. so1 :i.ds :rierce:ntage to f:r:>esh bu:ttepmj.lk, and each 

gpo1..1p wa::: given e:ood hay and a e;rain mlxture. Whole milk 

war, :f'ed :f'or the f':Lrst tvro week::c: of' 1if'e, the ch13.ngeover• heing 

All the ca1ve8 mad.e exce11ent e:rowth, the 

daily gain to six months being 1.3 lb. on average. 

ezr,ericncea in gett:1.:n.g: the c1:1.1ves to t13.ke the bu.·ttePmilk es 

p1•ep,:1.Ped; rather· they seemed to :pre:fer• it to wbole mi1J-:. 

The calves were as a whole G1eek coated and thrifty. 

EJ_l j_np:ton a.r1<'l Knott ( I 926) ra.ised eight CE!lVeB 

0n semi-solid huttermilk (three 1b. in nine lb. water) or 

c1r:led bu.ttermD.k ( one lb. i.n nine lb,. Weiter) to,c::ether' with 

aJfalfA hey and erai~ Comparinp; their growth ¥.rith Ecl<:J .. es 

st:::Ul(l1-t:.i:>ds s the t,;,v:i::i bu:tterm:L1k products vrere conc1ud_ed to be 

Pl'ltisf'irntor•y e:ubsti t1.1tef1 :f'or skim mill~: when t.h:ls is not 

aveJ.J.abJ..e. 

In an experiment at. the Idaho stat:i.on (1928) ., 

calves wer-e f'ed d.:i.J.ut.ed J)OWd.ered butte:r•milk aF-; a subst:ltute 

fo:t> r:11dm mi1k, together v;j_th ha;y ,-:i.nd gra:i.n. 1.rh e animals 

su.:efer-ec'l JJ.tt,Je from d:tp:e:=;t:i.ve a.:lsorder1:i, were quite thri:f:"ty 1 

fmd their growth in wej .. ght ancl height was very sa.tlo:f'actor~r. 

ButtermtlJ-c powder bas a1so been fed dr•y; Lindsey 

ana. Archl.baJd (1929) founa. that :i.n ;vou.ng calves j_t :r)rocluced 
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almost the same rate of gain as skim milk uowder. 
-" It wes 

more economical, but not as palatable when first fed as the 

skim milk powder, and in some cases had a decided laxative 

effect. 

In another experiment (Idaho, 1931) a group of 

Holstein calves was fed whole milk for two weeks, changed 

over to dried buttermilk solution during the third week and 

received twelve pounds of the solution daily during the 

fourth and fifth weeks. During the sixth week they were 

changed to a dry grain ration containing one third dried 

buttermilk powder and were also given alfalfa hay. From 

four to six months of age they were fed the alfalfa hay and 

grain mixture but without the buttermilk powder. A second 

grou~ of calves was fed in the same manner except that up to 

four months of age they were given no buttermilk, but 

received a minimum of twelve lb. skim dailY. Both at four 

and six months this latter group wa9 considerably heavier 

and taller, (113% of •~normal II weight as compared to 90~ for 

the former at six months) and was also sleeker and thriftier 

in apnearance. 

Though buttermilk powder fed dry may not give 

quite as good results as when reconstituted, bearing in mind 

the drawbacks of this and the other experiments - the 

small number of animals used - it can be said tbet 

reconstituted buttermilk powder under the various er.perimental 

conditions has not given very different resuJts in calf 

rearing from the fresh material, or indeed from skim milk. 

Semi-solid or condensed buttermilk appears to be slightly 

less valuable, largely owing to its acidity. 

There are no experiments reported that are 

strictly comparable with that on level of feeding here 

conducted. Where triAls of eimilar intent are described, 

the calves on the larger ration, as would be expected, 

showed the greater growth. Thus Woodward (1923) fed calves 



ori 

it 

there were no had results, end was 

considererl 8S indlcuti~I th2t overfeeding in itself is not a 

II ;.;JCOU.J':C, II 

days fol.lowing their initi81 two we of:' 1iSe. l\tucb would 

fJJ?obc:tb1y c.e:pe:nd O:J the dl'Zl fond g:Lvcn :i.n e.dd.it:l.on, but no 

co:nd.uct(~<l, which show that the rno:ce liber·a1 i,J.1owe.nce gives 

better results. 

Campbel] (1948) report-ed an expel"lment cond.ucted 

tmder· New Zealand eondtt.ions in wh:Lcb calves were fed c,kim 
4 

rniJ.k, toget.heP with good pasture 1:td J.ibitum. 

were :fec1 eg_u.Dl quantit:Le[-, of s.k.irn milk J:HH' un5.t, body we:i.ght, 

whj.lBt one of them was given in addition½ lb. of meal per 

day (eeJ.culated to be the squiveJ.ent of<.~ J.b. skim m:i.. ). 

-two weeks so that the edditjonoJ. feeding hnd little effect, 

the lRvellinc influence of 

In another trisl, little difference 

between c ves feJ ut either 10% or 1 

err,o:nu.J eornm1.m:l.cat:l.on.). 



"'" J J 

1;y, tbfrL. tbe:rn :L:1 some q,uerc:;t:l on. fJ p; to 
m:i.11( 

whet}1ep /:'). b:i.ghc:P 1eve1 of/:('eer'l.:Lng rol2-ec b:i.geer celver;; ·tuH3.m: 

of twenty weekc, fiv1res from ninety-one calvAr in five 

l'Tow t 

1:vliere D :1 the dtff'er-eneo between the mean::, of' 

two 

(l.:i. :f':f.'eren.r:e: .. 

sin this case 5s the st ~a devi ton of calf weichtn 

ot' 

cr,1 cuJ.rc: t-; 

at twenty we 0 signific0nt at tho pa1•ticul2r level of 

ninet~-one c VPG 1 2.0 

tjon oft vt the 5% level, Rn~ 

fferences bet•1Pen treat 1nents t1.i 
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were all non-significant and were ignored, but seasonal 

effects over the five years were marked. The variance st 

for each year was calculated with the corresponding number 

of degrees of freedom N1, and the variance between calves 

within seasons - 2 s - found 

s2 = ~ Ni si 
L Ni 

This gave a figure of 537.2 lb. and thence a 

standard deviation of 23.2 lb. 

In Table TI are given the required numbers of 

calves and weight differences. These figures are plotted in 

Graph 1• (See page 13). 

The value for the standard deviation and thence 

weight differences required may be enhanced somewhat by 

slight intraseason treatment differences, and possibly by 

breed effects, but the magnitude of this error is uncertain 

and is unlikely greatly to affect the figures and general 

conclusion that numbers in each group are required to be 

large. Accordingly it was decided to include such pedigree 

female Friesian calves as became available, in addition to 

pedigree female Jerseys. 

Further, rather than reduce group size by including 

a third treatment, that is by feeding buttermilk at two levels, 

a simple factorial design was employed, both skim and butter-

milk being fed at 10% or 15% of body weight levels, choice of 

levels being guided by the experience of previous Dairy 

Research Institute cal~ experiments. 

It was decided to feed the reconstituted 

buttermilk on an equal energy basis with skim milk. From an 

analysis of each, given later, it was found that this w.as very 

nearly achieved by mixing each pound of the buttermilk powder 

with g lb. water, which incidentally was also feeding on an 

equal "total solids" basis. 
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TABLE II 
Pounds difference in bodyweight between groups 
of calves at twenty weeks of age, required for 

significance. 

Number of calves 
in each group. 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
25 
30 
35 
40 
45 
50 

60 

50 

w 40 
u z 
UJ 
C: .... . 
i.. 

!t: 30 
0 

cl) 
0 
z 
::> 
~ 20 

10 

5% level 

46. 4 
3 7. 9 
32. 8 
29.3 
26.8 
24. 8 
23. 2 
21. 9 
20.8 
19. 8 
18. 9 
18. 2 
1 7. 5 
16.9 
16. 4 
15. 9 
15. 5 
15.1 
14. 7 
13.1 
12. 0 
11.1 
10. 4 

9. 8 
9. 3 

GRAPH 1 

UPPER LINE I'/. LEVEL 

LOWEil LINE 5 t LEVEL 

10 I 20 30 40 

NO. OF CALVES IN EACH GROUP 

1% level 

62.6 
51.l 
44.3 
39.5 
36.2 
33. 5 
31.3 
29.6 
28.0 
26. 7 
25.6 
24.6 
23. 7 
22.9 
22.1 
21. 5 
20.9 
20.3 
19. 8 
1 7. 7 
16. 2 
15.0 
14. 0 
13. 2 
12. 5 

50 
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' 
MANAGEMENT OF THE EXPERIMENTAL ANIMALS AND METHODS OF FEEDING. 

Calves born from July 17th onwards were obtained 

from Massey College Farm No.l shed at around 24-48 hours of 

~ge, having been with their dams until that time, and taken 

over to the D.R.I. farm where they were weighed immediately 

and then turned into a paddock. Healthy calves were housed 

at night only during their first few days of life, and 

usually only if the weather was too severe, cold rain for 

example, or if their weekly weight gain was small. 

wise the animals were at grass all the while. 

Other-

Feeding was carried out in the new D.R.I. calf 

bail, times of feeding being kept as regular as possible at 

about 6. 45 a. m. and 4. 30. p. m. A few of the youngest and 

weakest calves were fed three times daily for a short period. 

All buckets and other utensils used in the feeding were 

rinsed and given a hot chlorine wash after every feed. 

Colostrum was given to the newborn calf for two 

to three more ~ays, after which herd milk (Jersey) diluted 

with water so as to bring the butterfat test to about 4% was 

fed at the rate of 10% of body weight rising to around 12% . 
in the third and fourth weeks of life. 

Water was added to the milk not so much in order to 

reduce the fat content - much has been said on the 

"richness" of Jersey milk and its possible unsuitability for 

calves, but virtually no definite experimental evidence is 

available ~ but r ther to facilitate curd digestioh. 

Milk fed only twice or even three times daily to calves tends 

to form a dense curd, some of which may remain undigested 

at the next feed and form a nucleus for increasing hard lumps. 

Thus Sheehy (1934) observed that calves receiving from eight 

to ten pints of milk a day at two weeks old (slightly more 

than 10% of body weight) were showing syrqptoms of digestive 

disturbances. A post-mortem examination showed that a large, 

hard and cheesy lump of milk curd, resistant to the digestive 



:i.nf'1:nmnntion o:f.' tbe I.n :i.n v:LtPo 

o:f er 

cnrd vd:t;h renn.et. 

r2tioned strictl~r to 10% or 1 

to the ~earest ¼ Jb. 0n mi 

total ~2s ~iven ~s either skim or reconstitQted hutt 

h 

of tv:o 

n!ixea with water at th~ r8to J. lh.; 9 lb. rP ectively, 

ine WFJ:::1 found to be 7. the :Jov10e:r, on hr:,:J. :f' t:n e 

blood heat, mixins with a mi 

The mixin~ WhlB done in e twelve 

rJinee the 

rniJk cro1seO deteriorHtion of this e 

sett.J. tnrr 

in••, but this ~rs 0verc0ms hy 



- 16 -

~ew time9 before weighing out to the calves. 

During the first six wee~~ of the exneriment, 

the calves were grazed on Dairy Research Instit11.te property, 

but thereafter on Colle~e farm paddocks on a rotational 

system - one paddock for a mornin~ and evening grazing -

paddocks 2, 4, 5, 10, 11, 12, 14 and 15 bPing included. 

The quality of the grass w8s at aJl times good. 

On reaching twenty weeks of age the er.:perimentel 

feeding period terminated, and the calves were then either 

weaned or returned to the College No.l shed for some further 

feeding. 

ALLOCATION TO TREATMENT AND COLlECTION OF ---- ~- ----

Further examination of the Dairy Research Institute 

data on calf weights revealed the correlations given in 

•rable Jll cqlcul~tea. 0n eel ves within years to reduce 

seasonal effect& 

-· . 
TABLE ill 

Correlations derived from D.R I calf growth · 
data. 

No. Correlation Value for 
of coefficient significance 
cal- r ut 1% level 

·--- ------------_...,...ve~s~---------------

Weight at 4 weeks : weight 
at 20 weeks 91 +o. 745 +0.283 

Weight flt birth .. weitJ'bt . 
at 20 weeks 60 +O. 620 +0. 354 

Gc::in in wt birth 
to 4 weeks . weir-ht . 

at 20 weeks 60 +O. 582 +0.354 
Weight at 4 weeks . gain in wt. . 

4 to 20 wks. 91 +o. 406 +0.283 
Welp-ht s:i.t birth gain in wt. 

4 to 20 wks. 60 +O. 342 +0.354 
Gain in wt- birth 
to 4 week3 : gain in wt. 

4 to 20 wks. 60 +0. 356 +0.354 

With two exceptions, the correlation coefficient~ 

were easily significant at the 1% level, and were used as 

criteria in the initiaJ. pairing oft e ex-perimentul calves 
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within breeds in order to increase tge uniformity of blocks, 

and in the following order of attention. 

(1) Weight at twenty ~eeks, the figure on which 

the relative value of the experimental treatments was to be 

judged, was found to be most closely correlated to weight 

at four weekP. Calves having similar four week ' s weights 

(estimated from previous weight gains and the three week ' s 

weights) were paired together. 

(2) In order that an~r fluctuations in the weather 

or the grass supply should affect the calves within e block at 

approximately the same age and stage of growth, pairing by 

the first criterion was subject to the limitation that the 

calves should be born as near together as possible. 

(3) The age of dam was taken into account in 

that when possible calves out of heifers were paired together. 

Eckles (1919) has found that calves produced by immature cows, 

two to four years of age, are smaller than those from mature 

cows as did Knapp, Lambert and Black (1940). Hammond (1944) 

has suggested that this effect is explicable on the theory 

of partition of nutrients between the different maternal 

tissues, this being determ~ned by their metabolic rates. In 

the young mother the metabolic rate, and thus competition 

of the maternal tissue for nutrients would be greater. 

Pairing on age of dam was considered only a minor point, it 

was already taken care of to some extent by pairing at four 

week ' s weight. 

(4) Also as a minor point, pairing by sire was 

considered. Tyler, Chapman and Dickerson (1947) studying 

Holstein-Friesian cattle found variation between sires in the 

birth weight of their offspring. 

A coin was then tossed between two similar pairs 

0 ~ calves, one pair being thus allocated to skim milk feeding, 

and the other to buttermilk. To decide which calf in a pair 

was to receive the lo% level of feeding, and which the 15% 
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for two( days, and finally 1 g. per 20 lb. body weight per 

day for two days. Wise and Coarsey (1945) found this 

drug efficacious in lowering calf mortality from infectious 

calf scours; in this experiment the effect was not clear 

cut owing to other, concurrent, treatments. In two cases 

sulphaguanidine did not have beneficial effects and the 

calves died, one at the age of twenty-two days having scoured 

with some blood for eight days, and the other at fifteen 

days having blood scoured for six days. 

Sulph thalidine, also very sparingly absorbed 

from the alimentary tract (Scheidy 1940), and found more 

useful then sulphaguanidine for the treatment of bacterial 

intestinal infections (Udall 1946, Edmonds 1949), was twice 

used. Dosage rate was 1 g. per 15 lb. live weight initially, 

followed by six doses at eight-hourly intervals of 1 g. per 

30 lb. body weight, and finally six doses of 1 g. per 

50 lb. body weight. 

effective. 

In both cases the treatment was 

In Teble ! are scours data on calves that later 

partook in the experiment (see page 21). 

In addition during the experimental feeding, some 

calves at ages ranging from eight to fourteen weeks were 

'' looset• in their faeces for varying periods and their feed 

was reduced for a few meals. This especially applied to 

Friesian No.57 and Jersey No.20 - both on 15% skim milk 

treatment, and also to Friesian No.6 and Jersey No.10 on 

the same treatment. On the 15% buttermilk treatment, 

Friesian No.63 and Jersey No.37 were most affected but less 

so than Jersey No.20 or Friesian No.57. Also affected were 

Jerseys 34 and 69. The only ttlO%" fed calves that were 

"loose" were the Friesians 26 and 51 - both on skim milk -

and then only for a short time. 

One calf - Jersey 86 showed a continual 

tendency to bloat but the tympany was reduced by the 
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administration of e tablespoon:ful of sodium bicarbonate in 

warm water and by exercise. However, at the age of ten 

weeks this animal died from bloat despite this treatment 

and rumen puncture. The rumen contents were a frothy mass 

of grass. Several other calves occasionally showed tendencies 

to bloat, but without serious consequences 

TABLE y. 
Scours record of the experimental 

calves. 

Calf Age at No. of Treatment 
ear mark scouring days 

(days) scouring 

Friesian 
57 4 Sulphathalidine 
63 4 Sulpbathalidine 

and 19 3 Sulphaguanidine ' 
65 6 3 Starvation 

Jersey 
12 20 4 Sulphaguanidine 
20 8 6 Sulphaguanidine 
35 14 3 Starvation 
36 19 2 Starvation 
44 11 3 Starvation 
50 14 5 Suluhague.nidine 
82 7 4 Suluhaguanidine 

and 13 2 Sulphathalidine 
and 42 4 Starvation 

48 51 2 Starvation 
89 42 4 Starvation 
93 29 4 Starvation 

103 21 2 Starvation 

Remarks 

Fraternal twins. 
T-i'aeces firm, but 
containing blood 
for 2-3 days. 

Nutritional s cour~ 

Blood in faeces. 

Blood in faeces. 
Blood in faeces. 

Nutritional scour1 
Nutritional scour1 
Nutritional scour1 
Nutritional scour1 

----! 

Jerseys 35 and 69, both at around eight weeks old. 

showed signs of severe stomach ache. The animals were 

given l oz of Epsom salts in water, and starved for the one 

feed. Recovery was rapid and complete. 

Jersey 55 became lame and at four weeks of age 

was found to have footrot. Rather than inject (the sodium 

salt), sulphathiazole was given in massive dose by mouth -

fourteen½ g. t~blets, followed by four doses of seven 

tablets. A sulphe.nilamide ointment was apulied directly. 
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Recovery was rapid. 

At ten weeks of age, Friesians 26 and 51 were 

observed to be passing urine tinged red. A drench of 

linseed oil and turpentine was given; the urine was normal 

at the next feed. Later, Friesian 64 at nine weeks of age, 

had a much more serious attack. Urine of a definite and 

fairly deep red colour was continually being passed. 

Unfortunately during drenching some of the mixture entered 

the lungs and caused distress; the calf was kept in a pen 

overnight during which time it died. Post mortem examination 

showed some lung congestion and Also nephritis. 

Two calves died from unknown causes. Jersey 67 

developed a peculiar dry necrosis of the whole skin. No 

satisfactory diagnosis was obtained; veterinary examination 

revealed no skin parasites. Iodine deficiency was 

considered a possibility and Lu.gol ' s solution was given in 

the milk (and to all the other calves; 1 oz per day for a 

week, then½ oz per day for three weeks) without any 

improvement in condition. This animal was withdrawn from 

the experiment and later killed. 

Jersey 20 at four months old lost interest in 

food and had to be coaxed into drinking. Death occurred 

five days later after considerable loss of condition. 

mortem examination revealed very large kidneys showing 

nephritis as the chief abnormality. 

Post 

As noted, the calves were grazed rotationally on 

eight paddocks of the Dairy Farm. For part of the time 

some of these were shut for sileage making which shortened 

the period of the rotation and also grazing was fitted in 

with other groups of stock from the College No.l shed. A 

little trouble was experienced with lungworms (Dictyocaulus 

sp. ), and the calves were each given½ oz of phenothiazine 

in water on November 12th and again on December 3rd so as 

lo prevent further migration from the stomach. In order 
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to lengthen the rotation it might have been adyt sable to 

graze each paddock for two whole day running instead of one 

day and night only as wss usually the ca e. 

Oalves were dusted with Derri powder against 

lice on two or three occa ion, two dustings at ten-daY 

intervals being given. 

Oalves were dehorned with caustic potesh at an 

ee.rly age. The operation wa~ uneventful. 

lithout a doubt, the Jersey calves were much more 

prone to all types of ickness than the ~riesians who 

~roved much easier to rear. 

>tESULTS. 

The weight and heights of eech anims.1 week by 

week are appended in tables. 

grauhs IT to VII inclusive. 

The figures are ~lotted in 

Initiqlly, animals were so arranged that there 

were equal numberc- of each breed in each treatment gro,lJ?, 

and vi th the two "spare0 'tilriesians fed as a sl,;:i -buttermillt 

comparison at the 15f level. Unfortunately as the trial 

proceeded ~ome calves, for reasons detailed in thP previous 

sectio-r1, had to 'be excluded mali::ing the subclass ni 1r1bPl''S 

unequal. An anal~r~i of variance bas been made 0f.' the 

weightr1 and heights of animalc- forming com_plete locl,;:s at 

different ages. 

e.g. Analysis of variance. si Y ·veeks weights. 

Source of 
Variation 

lo~li::s 
'WPed 
LevPl 
Interaction 
Error 
Total 

DegreP.R of 
:'reedom 

7 
1 
1 
1 

21 
31 

S'L'TI of 
Squares 

19700 
50 

21';0 

2 
1241 

21243 

Mean F 
Sg_ua1 .. e 

2 
59 

Significant 

Non-significan 
:rn11 s"' vii f'i ce:nt 
on- i=:ignif"i ceni 

(Vale of F for siP'Ilificance at 51' level= 4.32) 
s = 7.7 lb.· Coefficje.nt o~ v ri tion - s.~~ 
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\ aalvee eaians J 

each mean included 
in each 
mean 

4 16 4 78 .. 5 

6 16 4 95 .. 9 

16 4 11.1 ... 9 

2 151 .. 8 

16 2 197 .. 3 

10 2 242 .. 9 

no 

V:! 

es cali weights. 

means { ) 

s 
Butter-

( ) 

77 .. 8 79 .. 6 .. 8 1 .. 

89 .. 8 94 .. l .91 .. 6 1 .. 

1CJ2 .. 9 .. 7 107 .. 1 

136 .. 0 .. 6 2 3.67 

179 .. 1 187 .. 3 .1 5.31 

0 23:0 .. 6 233.3 6 .. 51 

at level 

signific.an t .. 
es~ all coeffio:ienta of vari.ation 

.. 

1 

1 
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ed 

.. .. 

.. .. 
.. .. 

• .. 
.. 

.. s. 

ed to 
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Summarised resul..tS? o:f analyses of cal£ heights. 

Age Number crf No-. of' 
(we.aks} a.al.vee in F:ri es:ta.ns- Yl'eatment me~s. (inches) Sig,nifia.ance 

eaa.!:t mean ineluded in 
eaofr mean 

E 
15% 1.0% Skim Rutter:- m 

milk mi.l.k (~ahas} Level. Feed 

4 I.6 4 2{/.4 27.3, 27.3 27.4 0.19 N .. S. N.S. 
J 

~ 
8 16 4 . 29.6 2.9 .. 2. 29.6 29.2 o. 2.,3. N.S . N.S. 

' 
12 12 2. 32;1 31. .. 0 31.6 3,1., o.26 1 51$'>' 10'/- N.S. 

16 10 2. 34.l 33.4 33.8 34.0 0.37 • • N.S. 

20 10 a 36.2 3,.1 3,.7 35".6• 0.31 1~ > 1.wf N.S. 

X 
Si&nif'ic.an.t. at "j% l.evel.. 
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the mean maximum and mean minimum temperatures over the 

same periods as rainfall. 

Housing calves for the first few days of life 

is advisable during poor weather conditions, especi~lly 

when there is little shelter in the paddocks. 

Table Xlll 

Weekly weight gains of the 
experimental calves. 

Week ending Weekl 

Jerse s 

No. calves :Lb. 

Aug. 6 
13 
20 
27 

Sep;p-. 3 
10 
17 
24 

Oct. 1 
8 

15 
22 
29 

Nov. 5 
12 
19 
26 

Dec. 3 
10 
17 
24 
31 

Jan. 7 
14 
21 
28 

3 
9 

13 
18 
19 
22 
23 
24 
26 
26 
26 
25 
25 
25 
23 
23 
23 
23 
22 
20 
20 
20 
11 

8 
8 
3 

7. 3 
5.1 
0.4 
4. 6 
7. 2 
3. 0 
7. 7 
6.2 
3. 7 
7. 2 
4. 7 

10.3 
6.0 
9. 0 
7.6 
8. 7 
9.0 

10.0 
3. 6 

12.1 
10.5 
12.3 
6.2 
9.6 
4.6 

26.6 

ains lb. 

Friesians 

No. calves 

7 
7 
7 
8 

10 
10 
10 
10 
10 
10 
10 
10 

9 
9 
9 
g 
9 
9 
9 
5 
5 
4 
2 
2 

Lb. 

7. 3 
11.6 
6.0 
9. 8 
9. 5 
7. 2 

11.9 
9. 8 
7. 6 

14.6 
11.2 
15.9 
12. 6 
15. 0 
14. 5 
12. 8 
14. 3 
18.3 

6. 0 
20.2 
17.6 
19.6 
17. 0 

9. 5 

In connection with height at withers, ·there are 

certain points that should be noted. AlreaQV at birth h~lf 

of thi s lines.rly measured complex is completed so that the 

opportunity for modifying it by nutritional conditions is 

limited compared with, for example, wei~ht. However height 

at withers is a suitable measurement of body growth for 

although correlated with various others it iR one least 
' 
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TABLE XIY. 

Whol.e milk and substi tu.ta cu.>ns:t.U1tPtion during ttunangeeve:ir"'· period.. pcu.nds per head ].:ler 
days group mesna. 

Treatment Group 
and Feed .. 

.Tersey 15'% 
Grcup average 

weight lb. 67 

Fifth week cf 1ife. 

subs ti tu.ta .. 

Who:l.e milk 7t (l.b.p .. h .. p.d.} 
Subs ti tu:te 

J·ersey 19% 
Group average 

weig)::t:t lb. ,7 
Whe0le milk , 
Substitute l 

lrr:teaian 1,% 
Group average 

weighif: 1b. 114 ♦ 
Whol:e mill 13 
Substitute 4 

Friesian 10% 
Group ave:rag;e 

weight lb. 109 
Wbo:l.e milk Bf 
Substitute 21-

74 

126 

ll8 
6 3 

8¾ 

-(lb.p .• h.p.d.) 
ll. 

1 

l a 

Tetal :feed pe:r 
a:al:f ltOhange­
G:tvern eriod. 

mi.lk 
lb. whol,a,l 
lb.subs. 

41 lb.who1e 
lb.subs. 

106¾ lb. who l.e 
14 lb.subs. 

67-i- lb.whol.e 
l¾ lb.subs. 



T'ABLE XIY-
tR 

Treatment Group T ta;l feed per C.tii' 
?th - 20th week. 

J"ers l. • 
Gro:tl.1) aver. 
wefght l.b. 81. 88 9, 1.0_3. ll4 15 1-32 l.4l. l.,O J.60 l.68 1.79 186 l.95 _ 

lib .. au.b .• per 
hea~/day-. 12 13 :I4f, i;a. 17¼ 18f :t9.f 20 2D 20 20 20. 20 20 1.75°2. lb. su.bsti tute. 

Week 01t. -
l: • ead: • 84 1. 1.00 108 121 l..cto 140 l.40 l.40 l.40 l,40 1.40 

.. 
roup &ve:r. 
weig,ht lb .. 11 83 BB 9& 1-04 ll2 l2ll UJ l.}6 144 l.53 1.58 1.6,6 :t 6 ---Loi .. sul)s.p,er 
head d .. 7f_ Bt_ 8f 9r l.O¼ :ut 12 12t· l.3f l..¢¼ ll,t l.5i l.6½ l.7, 1221 lb. sub-stitute. 

-

Week • 
lb .. 6o 61 6 84- 8 1.10 ll.6 

Friesf.an :l .. 
GrQUp aver .. 
wef~t l.b. 139 l.5',Q 16 , 190' 204 a 2::31 5'2 252: 282_ 2 2 

Lb.subs.pa 
h ea:d/ day-. 21 2-Zf 2A1-_ 27 28t 30 30 lO' 30 lO 30' 30 lO 30 2[5'6 lb. substit.u.te. 

Wee Qi • 

lb. ea;d. 200 21.0 2.l..O' 210 210 210 21.0 21.0 210 

Friesi.an. l! • 
Gro.up :,,rer. 

e ig}?.. t 1.b .. l2!j 136 l.4'( ~,6 i69 1-a:1. 1.96 2U 226 2._43 m 26.9. aB"'l 2~ 
~.s-u s. er -

· __ head/~ay. I2f J.,'j.i_l! 17 .18 l .9f 2.li 22-i ~t _ 2.5f 2'l 2.8¾ 30 ao.3:4 lh. subst:it.Utt.e. 
Weekly tat. 

lb .. ead. 8 1.08 ll 126 l. 180 l.S aui no 
Whal.a milk suhs:ti tu.te cons.umpt:ion. pound.a: per h.ead per days group means. 
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larger proportion of fat 0.87% in diluted buttermilk, 

0.10% in the skim-milk - and this can possibly provide an 

explanation. It does not appear that butterfat or any 

particular fraction of it, for example an unsaturated acid, 

has superior growth promoting properties (Nath, Barki, 

'BJlve hem and Hart, 1948; also Henry, Kon, ilditch and Meara, 

1945); Augur, Rollman and Deuel (1947) have shown that 

phospholipid can assist in fat emulsification and hence 

digestion and ab orption. Buttermilk does contain several 

times the amount of phohpholipid in skim-milk, Heinemann (1939) 

giving the figures 

0.114 0.126% in buttermilk 

0.015 .0.010% in skim-milk 

and Bird (1939) states that, on average, 21% of the fat in 

buttermilk is phospholipid. This would be of no importance 

here since milk fat is in any case very well digested; further 

because of the small amounts present, the possibilities that 

fat being a concentrated energy food may be more suited to 

the size of the young calf ' s stomachs, and the effects that 

fat has in satisfying hunger tending to reduce voluntary 

intake of other food, can be ruled out. 

Admittedly bloom in the coat is a nebulous 

charactel"', and its value other than aesthetic is obscure, but 

it is certainly taken as a good sign. It in worthwhile to 

investigate its possible physiological cause or causes. 

Of the three ma~or nutrients - protein, 

carbohydrate and fat - the latter has the lowest specific 

dynamic action, and can confer economy of utilization upon 

the combinations in which it is present (Nutrition Reviews 

1947 ). Thus several workers have observed that "isocaloric" 

replacement of carboliydrate or protein in a ration by fat 

results in better growth; in this case caloric intake of 

li~uid food, level for level, was very nearly equal, but the 

.., 
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ht1.tte:i:-milk cont~dned more :f"F.,t ( i:.).r.tc".·,. 7 °,, c., r,1 .. c)-'- e1' •1 " ·1 t \ . , .... c:«·, d .. :.. t.• , .... .- • a.nu. . ... e c· ;o s e 
1 

, 

~f'ld..8 f'air1;:r smaJJ cltffer•ence could have been manj_fr:isted mer-e1y 

as a coPt difference, 

in thf?. rnetabo1 :i .. sm of' dietary 1nctose, t,hii:~ 1:.:.d.vantec:e d.i.ee.ppear••·· 

Schant~i ElvehjeM and Hart (1938) found that 

retf,, a ptg and. a ca1:E' made ver-;y e:f':f'lc:l.ent utiJ.ization of t,1] 

the rni.Jk RugaJ? :i.n fl. miner•alized whole m:i.J.J::: a:i.et, bnt on a 

e;al a.ctose, VU:\S 

in th0 cAse 0~ rats~ an~ after about two w0eks in the cases of 

the pig ancl. ca1:f'. !['be ] atter rm.irnal Jost about 8% of tbe 

totaJ lnctose ingeAted, 

Eow butterfat acts in this way is not clear. 

ri:,t.s <'lj.e, rn1t not er~ a reRuJ t nt' ac:i.d.osis o:r (3ehyr3.1•c-1tion 

to retP each half hm1r, they stj_JJ Rh1)wed the charecteriAtic 

abnormal rise in blood sugar (Schantz et alia 1938); or the 

metabolizahle for~ 

J945) have failed to confi~n this effect, and others (Nieft 

with buttePf'nt~ both fe(l eit tJ-)e 1evel o:f' 1O~S crf the diet, gave 

s:i.e;rd .. :f'icant1;y lower ur:i.nary e:xc:r•et:1.nIJ of gaJ .. acto:,e, n1e.ny otherfJ 

l' \re co.n-f'iI'mecl :tt (Geyer, Bo1J.tweJ..l, 1TI1veh;jem and. Hen~t~ 194,5; .El , 

NAtl1 et alia J9A8). 

confj_:i:mea. scrurntz' :f':tnatnP.' w:i..tb r,.itP, but in e.tterrrpt:tne: to 

repeat. the wo1:J.:' with calve::; obte.inel'.:l. nowhe1:e ·nee.I' the J OSF, 



v1hether they fed. w'h.ole 01· skirn--milk (mineraJ.i•zed ,··.n1d · · · · ~ , vi~ 1:,.min:u::, e ( 

their figures ,:ctua1ly Ps,nging f'rorn 1. 1 -- ~3. 4~~ total lactose 

ingested. It W£ll:J only·· when the lE,.ctose con-t;(~nt of' the 

skiw--rnilk V/faS cloub:ie<1 by adding c1uar:rtj:ties the:t an BfS loss of 

l,,.ctose, ec;i:ui vulent to a 16;~ i:;alt:ctose lcn.rn, w.:ls obtainec:l. 

This vn:.s c.ccom.utmied by· dia1"rll.Oec:. ;;u1d unt,hr'i:f'tinesr:, though no 

reducing sugrn•r:, v1er-e found in the fc::.eces. 

'l1his e:ff'eet is in po.x·t s:Lrni1:.:.P to t,he looser 

condition of' the f'faecet:3 of sorne o:e the skiw fed CL:l vei::; in the 

e:h-:periment, an<1 it c\p1rncrs that both this difference and the 

co8.t di:fference cu•e ctt Jn'esent best explained by the beneficial 

effect of' the greL'.te1" amount of' fnt in the buttermilk diet. 

Howev0r, H.oj as does st,:Lte that ~rou.ng cc.l ves (up to lJ-2 months 

old) bej_ng ac/.1:.tpt0cl. to the mill;:: diet utilize lactose efficiently, 

2nd absence of.' fc1.t. in the· diet does not interf(:,re vfi th th:Ls; 

but further studies s.re needec::;. in or•dei- to c10termine the 

difference, i:f.' 1.:my, betvreen the very young and the older bovine 

in loctose utilizatior~ 

~he effect of level of feedi 

Of' fuP greeter irr!j_Jo:i.·t:::,.nce v,c~s the differ·ence due to 

leveJ. of' :f.'eecling. A previmrn tri2.l b;y the Dtdr;y ResecJ.r>ch 

Institute h1.:~d indicated thc:i..t 107<; or 15~& feeding had little 

,l:J:E'fect on the growth of cc.l ves during the milk feeding period 

providin3 good grass was cvailable. In this experiment thei•e 

app8.rently unr:,.bl e to mo.ke good. o. clef'ici t j_n the poorer l'&.tion. 

The reason :for this can be deduced :erorn two 1-Jieces of' evidence., 

From 'i'able IX it is seen thci.t the regr'ession 

coefficient reL:ting f'our and. twenty weelcs v;eight:3 is + 2. 81. 

'thus growth ec.rl;y ih J.i:r.e c::,11 hecve mari-;:ed e:ffectr;;, every extra 

r)ound in weight ut four vreeks resulted in o.n E:xtrc,. ::::. 81 1 b. at 

In the second place, even at six 

""eeks of ,·, ,.,.e •·.-·Pt '"·l·, t·110 weeks on the 50,"i0' g·reate1• I'c.tion, these 'rl ... J,..).. '-''-(..;.> (,,,.,,/,. V • 
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?nimaJs were showing superior weigl1t growth over the 10% 

calves and by ei~t~ week8 thA difference was sienificant. 

and nf corr~lete hlncks at sixteen weeks, thi~ c0n be 8Acrihed 

mea~1re~ent ns shown hy the lareer stRndard error of the mean! 

di~ference, is ob8ervable from the fi~1res. 

t~e calves~ c>winr in lar~e ~ert to the incidence 

of' J:i. 
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"9ollowing curve 1 until weaning at "B 11 would reqult 

in the feeding of 85 gallons of' subqtitute With dried 

buttermilk et 6d per lb. of powder, total cost would be 

£2. 2. 6. 

(2) On farms such as those supplying cream to a 

factory, where skim-milk is in good suuply, if it is preferred 

to wean calves at twenty weel{s rather tha:n the 1 abour-saving 

age of' twelve weeks, curve 11 could be followed. This is 

plotted on the basis of feeding the substitute at 12% of 

body weight. Two conditionP epply, firstly th~t preliminary 

growth to four weeks has been good, and secondly that the 

calves are rotationally grazed. 

Whole milk selling farnR that prefer to wean 

at twenty weeks could also follow this curve, providing the 

two conditions above are met. This plan would entail feeding 

180 gallons of subqtitute, costing £4.10.0. for dried butter-

Milk. This brings out the economy of weaning at twelve weeks. 

Because o~ the present price of dried butter­

milk powa.er it cennot he recommended that this should be fed 

in quantity. A suitable meal, costing about 2fd per lb. 

should replace some of the buttermilk from eight weeks or 

earlier, onwards, at the rate of l¼lb. for a gallon. This 

would reduce the total cost figure given above considerabl~r, 

end would also reduce the cost when weaning at twelve weeks, 

maintaining the greeter economy of this -plan. 

(3) As has been pointed out previouRly, the eytra 

cost of feeding calves skim milk to twenty weeks on a 15% level 

instead of a 10% level would be about five shillings. Feedinp-

according to curve I through to twenty weeks (15%) instead of 

curve 11 (12%) would result in an even sma11er cost increase, 

210 gallons as against 180 gallons, the thirty gallons 

difference of skim milk being worth about 2/~d. 

Wherever calves are growing slowly, the 

-grass is poor, or the cal vez: are set-stocked in s II calf-paddock" 
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ST,· :I.m 1:d J 1i": 

~,,tter01ilk powder 
Butt.erm:i.Jk ·:·lowc1e:r 

es ~re<.1 ( c.1:1."j~1J ... t ) 

Pnd their c orj.c vAlltP es~1minp 

8F.5. 
:t87. f~ 

1 rr? 1:l: •. ,(3 

7.77.5 

In the foJ.lowj_ni sectj.onc discuAsion t~ confine~ to 

2 conpj_fleretion of enerc~r relet 

d-J. 

p ec 

c0use of the hir;h prote 

toe ves to er:1e:nt 

rn1trj_tive r2tio st the 

This 13 ccnsi0ere0 

p / ·1 
, .. , \ .... 

Fo~ever thej.r highent protein level 

thP ~rotein in the rMtion, is withj1t the 

11'1e.i.n.t enenee. 

.,t .. 
t, 



T .. D .. N. s:tanda:rds for maintenance plus growth per day,, various au:tho:ritias. and quantities fed in the liquid 
diets at c0;r:respond::ing body weighta .. 

T.D .. N. lb.fed. to 

Body Wolff Kellner Annsby EaJdes Shel)he:i:d and 
Weight Lehman l!!orl!!son Bxo.d;y Cenve:rs-e .Jerseys Friea-

Gull- ians .. 
icks0;n 

Minimum 1vfaxi:mum: .Teraeys Ro.1steina .Terseys R0:lsteins .Te:raays Ro.lsteins 

100 2 .. 70 2.32 1.20 2 .. 0 1. .. 72 1.20 1..53 1.12. 2 .. 36 1 .. 64 o.86 1.30 

iii,o 1.43 3 .. 18 2 .. 98 3 .. 36 2 .. 30 3.0 2 .. 62 2 .. 27 1. .. 61 2 .. 33 3.60 3.08 1. .. 30 1 .. '73 1.30 1. 
95 

200 2 .. 76 3 .. 25 4.23 3 .. 30 4.0 3 .. 71 3 .. 28 3 .. 04 2.74 4 .. 54 4.12 1 .. 73 1..73 1 .. 73 2 .• 
60 

2,0 4 .. 09 3.48 4.96 4.lo 80 4.48 4.34 3.85 3 .. 60 5 .. 37 , .. 02. 1..73 1 .. 73 2 .. 16 2. 

300 ,.42 5 .. 51 3 .. 70 ,.,, 4.90 5.50 4.93 ,.28 4.63 4.58 5 .. 74 , .. 2 .. 6oc 2. 
60 

350 6 .. 01 4.75 6 .. 03 5 .. 50 6 • .10 5.32. 5. 93 4.86 , .. 55 "•17 6 .. 51 2.60 2. 
60 
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100 

150: 

200 

25l:r 

JOO 

350 

TABLEX7III. 

S .. E .. standards :for g:rawth pl.us m:aint.ehanoe l.b .. per day. vari.ou..a authorities, and qumltitie:a fed in 
the liquid diets at correapooding b~dy weights .. 

weight Kellne:r A.rmsby ?EoOandlfsh Morrison Steensbu:rg 

Iin:imu.m 1Caximum J'ersays F:r~esians 

2 .. 89 1 .. 92- 1.12. 1.87 2o77 3.47 o .. 86 1..28 

2 .. 78 3 .. 27 2::. 2. 2.71 3.33 3.93 l.. i..71 1.28 1 .. 92. 

3 .. 38 3 .. ,1 3.68 2.99 3.,5 3~63 4 .. 32. 1. .. 7:1 1...71 1 .. 71 2 .. 57 

3.98 3.73 4 .. 26 3.64 4.20 3 .. 96 4 .. 66 1 .. 71 1 .. 71 2 .. 14 2. 57 

4. ~6 3.98 4 .. 83 4 .. 11 4,.76 4 .. 26 ,.97 2 ... 57 2.J:J7 

4.89 4 .. 24 4 .. 62 ,.14 4.53 5 .. 22. 2.57 2 .. 57 
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Berdy 
weight 
lb~ 

110 

165' 

221 

275 

331 

386 

TABLE XJX 

CaJ:o;rie requirements for resting and faffiting metaba;lism (Brody :t945) a;nd Calories fed in the liquid 
di e:ts; at corr eapond.ing body weigh ts .. 

Holatein-F:d esians. Calories hours. .Ters.eys .. cra:lo:ries per 24 ho.urs .. 

Heating Fasting Supp·ll ed Supplied Heating Fa acting Supplied ta SttpJ.)li. ed 
metabulism mete:bolism: to 10% t0; i,% metabolism. metabolism lo% level. 1.5% level. 

l.eve1 l.evel. oa1ves oal:ves 
c:alves aslvea 

21.90 1671 2006 1010 2420 1798 2006 1010 

3.051 2321 3010 4,'l.4 3260 2..422- 3010 3648 

3800 2899 4012 5472· 3900 2898 36.48 36.48 

4435' 3384 5-016 5472. 4460 3314 3648 36.48 

4995 3811 5472 ~72 4905 3644 

5495 4193 5472 5472 ,28, 392.7 

to 
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The \I,reight ranges 100 - 220 lb. in Jerseys and 

150 - 320 lb. in Friesians, as in the tables, both represent 

an -age range of approximately eight to twenty weeks. 

Compai--ing the intake of the 1070 calves with 

either of these two standards above, it is seen that the 

liquid supplied little more than one thil"'d of requirements in 

the case of Jerseys, and from one third to one half to the 

Fr•iesians. On the 15,; ration the :proportions were one half 

or somewhat less, and mostly gref:lter than one ho.lf respectively. 

Even allowine that the standards are on the generous side, 

the role of grass in the nutrition of the calves was consider-

able. Calves apparently are very selective grazers, nibbling 

at the leafier parts of the plants; also considering the 

quality of the grass that was available, a fair esti:rns.te of 

mne grass eaten would be 14. Then the deficiency of 

l½ - 2½ lb. S.E. in the rations fed (Table XVlll) at various 

times to the different breeds and levels, is the equivalent 

of 11 - 18 lb. grass containing 2.2 - 3.6 lb. dry matter. 

Table XlX with its figures of caloric requirement 

and consuinption in the ration gives a clearer picture than 

the feeding standards; uncertainty however lies in how 

different the net energy of the food given to the young 

vigorously growing animal is from the gross digestable energy 

figures given in the table, but no satisfactory answer can 

be given. 

In the case of the Friesians, the lesser diet for 

several weeks followed very closely the resting metabolism 

requirements, but from the fourteenth to sixteenth weeks 

(230 - 260 lb.) crune to exceed these by some 500 Calories. 

Until this time, then, grass would be supplying energy 

equivalent to all that required for standing above lying, 

for any movement, and for their actual stored weight gains. 

Brod;yr (1945) p. 910) has shovm that in cattle the energy cost 

of standing above lying is about a 9ro increase which here 
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cor:;;t o:t 

d.if':Cj_cult to ly to calVEJB, but wi·~h ~he 

irly lor~; periods or rest + .. ,··.·•.J.:-.. _,_·.,n l,·,r ····1~· ( ,, .. , ·v Uc_., __ ,f(;f:l S00 ·1 . ' • __ :::·cer rJect,J.o:n 

r,ncl tlic Io-,: ene:r:>gy co1::,t of 1n:~11c:Lnr; these 

t·wo :eecto1's v:ould .not c(.msti tute r: J.erce clemenc1, porhfl.pn :not 

more thBn 850 Calories 1;er 

·:rc:teE, Bo;yd and Petit (19~1:c:) have eutime.ted l lb. 

o:f li vevreight ,::;ein to b0 eq_ui v,::.lent, to lC lh. of Ll;f~ fe.t 

corrected rn:LJ.k = 3-(~00 Caloriet1, i.:Ihich r· 0 rees clOL'>ely ,,Jith 

Bonnier 

E,.verc:-.ge fj_guref; o.eri vecl :Eroril animal G of all c::ges cannot 

justifinbl~ be used here. In ra:pid gror,th, res in. ~10lUlf; 

,::nhw:•.lc,, much of the gc.in vlill be protein, tmd becaur:.:1e 1 g. 

protein ic associ~ted with 3 

celori:f'ic eq_ui velent -i!:· ft,.t, v!'hich y1ould corn3t i tu.te rnoi-·e 

o:f.' the f:ain o:f. older- Hnir:m.J..!3, it3 not, it f'olJows 't,hc:.t the 

fi.e;ure mur;t be used. · Brod;y (194,5) give::: the much lower but 

f.3til1 t:.:-i:biti-1r:r~l figure of 909 et:1.lories 1,cr lb., and .J'.l.rmsby· 

(1917) that of 11'70 culo1"ies per J.t. dt:i.ring the fj_rDt month 

of' life, lot.er grr:c1:u.al1y· inc reusing. 1ro talce these figures, 

which urea third of those civen 2bove, is cm~atible with 

the practical observation that in rearing veal calves three 

to foul' pouncl.r::; of \·!hoJ e rni1k should prodtwe one pom.1.d \teight 

['tJ.n. 

•rher:w f'i,e;ures are net energy reg_,.J.irement; the 

c:ssoci.r:te<:l heat increment o:f.' feeding, and the enei•gy cor-.,ti:i 

rnctaboliBm :E.'iguros. So ugiun taking 14 rH" the S. E. of tfw 

grass ecten, the net energy value \1ould be 750 Calories per 

1b. dry mc:tte1' o:c five poum1B c:.tctual grv.s:::c (1 J.b. S. J3:: = 

10'71 Calories); 7 1b. gr.:,.ss vrmilz..1 then be reg_uired fo:i.·· 1 1 b. 
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stored weight gain (i.e. circa 1000 Calories). The 10% 

· Friesians under discussion actually gained 1½ - 2 lb. in 

live weight per day, and including walking and standing 

requirements as above, they would have to be ingesting about 

12 lb. grass from eight weeks of age. 

In similar fashimn it is calculated that the 15% 

Friesians, whose food in the main supplied energy above 

resting metabolism for 1 lb. weight gain, would be ingesting 

9 lb. grass; the 10% Jerseys whose food to twenty weeks 

(190 lb.) barely supplied resting metabolism needs, and whose 

daily weight gain was about l¼lb., would be ingesting 10 lb. 

grass; the 15% Jerseys whose food up to eighteen weeks 

(185 lb.) was adequate for resting metabolism plus standing 

and walking energy costs, and earlier for a small portion of 

the growth - slightly under l½ lb. weight gain per day -

would also be eating about 10 lb. grass. 

These estimates of grass intake from the more 

theoretical approach of calorific relationships are on the 

whole consistent with those previously derived from calculations 

based on feeding standards. The figure of ten pounds of 

grass would mean that together with the liquid fed, calves of 

eight weeks or older would be ingesting three pounds of dry 

matter. 

From evidence on hay and grain intake of calves in 

other experiments, it seems that these dry matter figures are 

not unreasonably large. Ragsdale (1934) presented data show­

ing that in addition to milk, Holstein calves two to three 

months old were eating two pounds of hay or grain mixture, 

and Jerseys one and a half pounds. As already mentioned 

Ragsdale ' s weight figures, and thence perhaps food intake 

figures, are low in comparison with New Zealand standards; 

further, grass being more succulent and palatable than grain 

mixtures or hay would conceivably lead to a greater dry matter 

consumption, though ' as Huffman (1939) pointed out, palatability 
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is but one fEtctoP resr)onsible f'o:r:· the extent of this. 

Storm::-;_ch size is a contributory factor (P1:octor and W1'ight, 

1927), es1)eciaJ.l;y since in the young calf the rumen is 

<level 01> inc. For th:u::o, grfiss vroulcl pi--ovide the necesGary 

fibre m1d also be a direct source of rw11en micro--.0.r2;anisnrn, 

partly from faecal contamination and alr:::lo through slobbers 

from the cu<1-chewins of. older :::1.nimals (Pounclen and Hibbs 194h8). 

Observations on ·razing behgviour: 

Ifo figures f'or the t:.:.ctual intalrn of grass by calves 

on l)&stur'e ht:ve been rer)orted, nor have any grazing behaviour 

studies been m2de on them as has been done with older cattle 

(Hancoclc l'i.148; J"ohnston-Wallace and Kennedy 194/b). 

Because such obsex'v&tiorn3 throw light on a nuniber 

of nnima.1 lrnsbandr;y :problems, as well aa on pastu1•e 

m2nagement, a single t-.;enty-•fou1• hou1• watch 4moPninE; feeding 

to rno·rning :reeding) was kept on f;even pe.irs of identical twin 

calves belonging to the Dairy Research. Institute, the ages 

rc:-mging from nine to six.teen weel,;:s. 

Although it cannot be expected thi:).t the details of 

behaviour on one clay (her'e in October•) are ·widely applicable, 

being influenced by many corn:plex factors sucl1 as weather and 

ty·pe of pasture, yet the general pe.ttern r'evealed has been 

borne out by cosual observations on these anc1 other gro1.~ps 

o:e calves. 

The method employecl wa::i to kee:l1 the animals 

continuaJ.ly under- observation Hnd to record every five minutes 

the principal. activity during that time of e1;;.ch individual, 

whether cri::t~~inc (with some note of the intensity), loafing, 

lying do•un or chewing the cud. Details of urination or 

c.efaecation, or> distance walked v1ere noT, noted. Figure l 

shows the methocl of i·ecording the date.. A night with a full 

moon vrn.s chor:ien, but ::lince it we.s at times obscured b~,r cloud, 

a torch was also use~ For some of the night it was found 

that there was little activity and. the calves were observed 
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lfe thod recording· ob-ae:rvationa on calf grazing behaviour. 

Ex.p.lanatio-n 

Cali no .. 1 

Grazing 

Grazing. Lies down 

N'o activity 

Cudd:in{{ 

Cuddin~. Gets u:p 

Grazing 

Grazing 

Grazing .. Lies down 

ati.dding 

Cu.dding 

(Pri.ncipal a.ctivi ty du:ring preceding 
five m.inu.tes}. 

Calf no .. 2. 

Grazing 

Loafing_ 

Loafing 

Loafing., Lies down 

No activity 

Cudding 

Cu.dding, 

0 ac.ti vi ty. Gets up 

Grazing 

Grazing_ 

Ac.roes the observations are written c.ommenta on grazing intensity. 
drinkfngt weather etc. 
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f:l,t intervalr"5 ranging to half an hour. 1£he calves did not. 

appear to be disturbed b;y the g:raesence of' the observer. 

During t.he poriod of observation ther•e v,ere 

3½ hours o:e bright sunshine; maxinRun 1:.md. minimum temperatures 

~1°~ d 1r°F t· 1 t were o .r! an L_;;;;) re spec 1 ve -y, em_perature at 9. 30 a. rn. 

beinf; 60. f:5°F. Rain:fa11 was half an inch, but this was disposed 

in a few heavy showers of u~p to ¼ hour duration. (Meteoro-

logical data fr•om observations at the D. S. and I. R.. Station, 

Palmerston North), 

pasture. 

1fhe calves were grazed on good g_uality rye-grass 

The behE'.Viour pattern to be described f'ollovrn 

very clo;;,el;y tht.-:.t of old.er cuttle in its main features. 

noted b;y Sou.thcombe (1947) with covrn, it i:::, cyclic and the 

animals tend to act as a unit. Calves are more selective 

grazers than co,rs; grazing is fa.irl~r internrn after being 

turned out fror,1 feeding, sixty- bites pe1° minute more or less, 

but ·the calves attain this rate by taking e. few bites in 

quick succession, searching around, and then taking a few 

more followed b;y a further pause and so on. Becc:.use of 

this selectivity it was at times difficult to deterrnine 

vrhether the calves v,'er•e actually eating or merely muzzling 

the gr·ass. Pield-glasses 1.vere of' assistance in this 

connection. It vms noted that a consider•e.ble ammmt of 

grazing was done along the fenceline. This was :pr'esumably 

because of a gi-eater J;lalatability of the grass there which 

ws.s shorter· fand rathe1~ more val:'ied in species corr~position. 

l?robably it receives little t,i.nirnal menure, and the factors 

causing the relative unpalatability of' strong growing 

manured grass ( 11 clurn_ps 11 in pasture) vrould not apply. 

cleanliness of' the herbage because of li·ttle t1•eading might 

also be a reason. 

The seg_uence of behe .. viou~ was broadly as follows. 



. TJme 

0800 hours 

0935 -· 0945 

1050 

1100 

124,5 - 13.l.'1:5 

1400 - lLl-20 

J...::J:20 _., 1600 

1605 

1?00 

1830 

2000 - 0030 
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Activity 

1rurned into paddock c:tfter morning 

Feeding. Intensive grcziIJ.fi for 50 

rninutes, slackening off duPini.;?; the 

following ;i- hour' (f'r•om 60 + bites per 

minute doi,:m to 25+). Loe,fing. Drinking • 

. Animals lying down and then no 

activity for 70 minutes except three 

twin-pairs cudding (ages 10 and 16 weeks 

for 10 minutes, and 13 weelcs cudding for 

20 minutes. 

Shor·t heavy shmver. All anim.als go· 

up and 11 <h1 iftecl11 before the r•ain. 

Rain sto:py ed. ¼ hour grazing, 

moderate intensity, then½ hour grHzing 

E:nd loo.fins. 

Loafing. 

Mainly loafing with intermittent 

grcizing of low int.ensi t;y. 

J\.niinals standing. Sever,CJl cudding. 

All ly·ing down cmd. cud.ding for total 

of about 50 minutes each, but in two or 

three s:pc:.::ced periods. 

Afternoon feeding. 

Turned into :paddock. Intensive 

2~razing for -~ hour then slackening off 

over c:s further 40 ininutes. Loafing. 

Drinking. 

Dusk. All loafing for l~- hours; 

few cud.ding cind short period of gri::zing 

. included .. 

With few exceptions, lying down 

throughout this time. Older animals 

cudding for short periods. Sleeping. 
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0030 hours Gr•azing with fair intensit;y for, 

20 - 40 1r1inutes, exceJ)t two twin-:pe.irs, 

e.ges 9 ru1d. 10 weekt3,, 

0120 All lying down and cudding for 

0500 - 0f5}20 

0530 -· 0;540 

_periods totalling 30 - 4l:O minutes e,1ch. 

No other acti vit;y. Sleeping. 

Dawn. All animal El lying down. 

All enimal s u:p e.nc1 grazing 

intensively. Rate ~lackening off after 

:~- hour until 

0630 Morning feeding. 

•rotel grazing tiuie ( i) Intense and moderately intense 

4kJ hours approximately. 

(ii) Light grazing with J.oafing 

2~ hours crpproximutely. 

IJ:'otal cudding time: 

1.L'hE:H'ie figures a:ppJ.;y- to all the calves, of v,'l1i c1l 

one pair was nino \1eeJr:3 old, f'our pairs ten weoks old, one 

pair thirte~n and one l)air sixteen weeks old. It is shown 

that grass reell~v is an irqportant p;;.rt of' a calf's ctiet a:ncL 

tllc:~t an intake of 10 lb. per day at eight weeks is quite 

possible as previously suggested. Like cows, the calves eat 

steadily for some time after~ being put into a paddock; the 

second grazing period in the daytime at about midday 

is a regular one, though it was probably disturbed a little 

in this watch by ·the rain. 1.rhe grazing at midnight 

corresponds to the behaviour of cows; Hancock (1948) shows 

that this time with the period after milking are the two 

regular periods of grazing during ·the night. 1.rhe calves 

also grazed before their morning feed. '.i.'his ii:; ur1doubtedly 

calle(L for feedinr~ be:fore d,::;.ybr>eak. 
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'l'he extent to which these young anirnf}.ls were 

cudding is of' consiclerable interest. At what age they fix1 st 

<:'io rJo when on grass is not exactly knoym; it wil1 be sho1..,tly 

Eifter c81ves 1.n ... e ea.ting gr1::cr3s in fair quEntitj_er;;, tmd. th:r.1 ee 

,vee1r.--o1d. animals ·•i!ilJ. do thh1. Calves v:1ilJ. nibble g1 ... D.DG 

even in their first week of life. 

In addition to the f2.ctors of weather and type of' 

:pc:~sture which can inf'J.uence behaviou.P, the genotype of' the 

enimal is also involved. 'l'here was great s:Lrnilari t;y within 

twin-pcdrs in the ve:.r•ious activi tier3, D.nd the r-ecorcl of one 

twin was g_-gi te closel;y- n1c:d.:.ched b~/ the other in details as we11 

as in the bro~d ~uttern. 

In conclusion, a study such F~s this :Ls preliminary 

in natu1"'e, for it cannot provide c;iuantitati ve data in a 

cri tice.l :form. l\lefa::mPemen-ts o:e the c.ctual inte.ke of 2;rar;s 

e.re Pec;iuired t:nd. the e:ffect upon thit3 of varioii.s rnr.:1.nt;_gement. 

factors such HB amount of li4uid _;f'0d per d.ay, or vvhether 

ear1ier weaning r>esults in much larger intaJ.ce than uith 

milk-fed calves of a simil12~r- aee requir•es investigation. 



3Ur✓ilv1AR.Y AND CONCLUSIONS • 

.(1) 'l'he production of' dr•ied butte1•rnilk in New Zealand. 

is undergoing consilierable e:-..-:pansion .. The object of this 

experiment was to con11,ai>e the value f'or calf rearing o:f ·f;his 

subst.:u1ce wi.th skim mi1.k, each being fed. at t.wo levels and 

in conjunction with good quality pasture ad libi turn. 

( f;) After b0ing :f.'ed on v1hole mil.L.: for• the f :irst four 

weelcs of life, peclig1•ee female J"ersey and Friesian calves were 

1::,llocated at x•andom to four different treatments skim milk 

(from a Jer•sey herd) at either lOi; Ol"' 157b of body weight, or 

dried butterndlk powder, reconstituted at the rate of 1 lb. 

to 9 lb. of water, also at these two different levels. The 

changeove1· to these i-•ations fi->om whole milk was completed by 

~dx weeks of age. Jerse;y calves we11e allowed c1 maximum of 

20 lb. :pe1 ... duy, and Friesian. celver., e, maximtun of 2>0 lb. per 

day. 'l'he ex;per:Lmental perl.ocl ended at twenty· weelcr:i of age. 

(3) Calves were f'ed twice daily at regular times. 

Grazing WE~s on a rotational bc:sis on the dairy farm pi:H:1tui>es. 

Data recorded were weights of caives at weekly 

intervals, height at withePs at fortnightly intervals, and 

also details of any disease. 

(5) It v1as observed that young calves tended to make 

J,>OOP weight gains during cold and vrnt weel~s, and concluded 

that housing then1 clur•ing the f'irst week of life in such 

conditions is e.clvisable. 

(6) 'l1he inGtru1taneouB :percentage growth rates :per week 

over the :period :t"our to twenty weeks for these samples of 

Jersey and Priesian co.l ves were virtually identj.cal. 

There was no significant diff'erence in weight or 

height between the calves r>eared on eithe1• :skim mil.k or 

butter•rnilk over both levels. 'rhis is in accord wj.th trials 

reported in the l:iterature. The butterrnillc fed calves as a 

group had o. superior coat gloss and also showed less tendency-

to be 11 loose 11 in ·their faeces. 

observationB in other trials. 

'l1l1is also agrees with 

It is suggested. that these 
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ef'fects ape a result of tho higher J)ro:portion of fu:t in the 

buttermilk. 

( 8) From a r•eview of' the literature it app eE,red tlu:ct 

grass intuke might cornpensate for a low·er level of milk feeding. 

In this e:x;pe1:iment, calves fed at the level of 15% of body 

weight ms.de significantly greater' g:Povrth in weight and height 

to twenty vreeks than those fed at the 1056 level. 'rlliS 

difi'erence was f~ound to be partly a conr-.1eg_uence of diffe1.,,ential 

growth during the :first two months of lif'e, and it v{ns 

concluded that in order to rear, calves well grown at weaning, 

feed:ln.g should be such as to :pr•o111ote good growth j,n the early 

ste.ges. 

( 9) Though there is no conclusive evidence from the 

literature tlw.t rearing cul ves on an ample rathel:' than a 

suf:E'icient :plane of nutrition (but without tending to either 

extreme) r·esul ts in long term advantages, it Wees concluded 

thb.t of the two levels of' feeding in the e:x;periment, the 

greL,ter' w-ri.s to be I)referr•ed in order that the calves might 

be better able to withstand the check from the poorer :reed 

supply in the sunnner- period following weaning. 
' 

(10) Recommendations are mo.de for• calf rearing 1>lans to 

be followed under va1.,,ious conditi.ons. Calves should be 

given colostrum and. then whole milk (10-12~s of body weight) 

during the f'irst f'our weeks o:r lif"e, and then changed over 

to a substitut,e by si:r;: weeks of age. In order to save labour 

and, pa1.,,ti.cularly in the caf:rn o:e vrhole milk selling farms, 

expense in the reEtring of cul ves, wefilling at twelve we elm of' 

f,;.ge is ndvocated. 'I'his presumes good grass is rotationally 

grazed by the calves. Feeding should be at the level of 15% 

of' body weight. Where it is preferred that calves should be 

weaned at twenty weeks, a lower feeding level may be used but 

should not be below 12% of body weight; if qL1antities of 

skim milk are available, the 157; level should be fed, anc}dn 

all cases when the early· growth of the co.J.ves is poor: or the 

grass available is of poor qu.aJ.it;y·. In the latter case, meal 
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should be fed in addition. 

(11) Because of the present cost of buttermilk powder, 

where it is used as a substitute on whole milk-selling farms, 

a suitable meal should partially replace it in the calves' diet. 

(12) From a comparison of feeding standards with the 

nutrients actually fed in the liquid diet, it is estimated that 

the calves in the experiment nrust have been eating approximately 

10 lb. of grass daily from eight weeks of age in order to meet 

their requirements. 

(13) A study of the grazing behaviour of calves confirms 

the importance of the grass supplement in their nutrition. 

(14) The behaviour pattern is cyclic in nature and is 

similar to that exhibited by cows. Calves, however, are 

more selective grazers. Total grazing time was seven hours 

(varying intensity) and total cudding time two to two and a 

half hours. Studies on the actual intake of grass by calves 

are .needed. 
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Friesian calves, 10% level. 

Skim milk. 

51 

-
..... __ -- -- -- .. 

Butt ermi lk. 

51+ 



Friesian calves, 15% level. 

Skim milk. Buttermilk. 

6 

65 

57 63 



Jersey calves., skim milk, 10% level. 



Jersev calves, buttermilk, 10% level. 

50 

35 

103 

... 



5ersey calveR, skim milk, 15% level. 

10 

37 



Jersey ca.J. ves, buttermilk, 1510 level. 

55 

63 

.. 



APPENDIX 11 

Complete data on the growth in weight and 

height of the experimental animals up to twenty weeks 

of age. 



TABLE ll INDIVIDUAL WEEKLY WEIGHTS (lb .. ) JERSEY CALVES - - ----
Weeks o:f Age 

CALF BIRTH 
E. M. WEIGHT 1, 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

!2~Sk1m-M1lk 
10 52 57 64 65 73 82 85 92 99 104 112 118 128 135 147 157 164 175 187 192 204 
20 51 47 51 61 66 77 88 91 97 101 118 134 143 145 151 158 166 
25 45 50 53 59 64 71 82 87 92 103 111 124 131 146 155 164 174 189 190 208 217 
37 49 53 54 58 67 71 82 89 95 104 114 123 131 143 151 162 176 186 190 205 222 
86 51 51 55 59 63 69 73 84 90 94 

197 68 76 82 89 97 105 114 124 135 .. 145 153 160 168 178 191 198 206 205 228 

l~ Skim-MilJ.s 
12 50 48 56 62 63 70 77 81 90 102 107 118 127 141 148 161 171 179 187 198 201· 

~ 65 64 65 69 80 82 92 99 105 115 122 133 138 149 158 165 174 188 192 205 221 
52 58 60 64 71 72 79 84 85 94 99 106 108 

36 52 56 57 62 71 73 82 89 9.3 97 105 113 117 122 129 136 147 150 144 159 177 
82 43 45 50 58 62 66 72 68 77 84 95 99 107 112 120 125 ll-1-0 137 154 166 172 
48 58 58 65 69 72 74, 78 88 82 91 102 105 112 121 126 133 140 146 154 165 175 

12% Butt~rmi,!}f 
1 56 57 66 72 75 82 93 99 108 118 126 136 146 158 167 179 186 196 203 220 225 

55 52 47 51 58 62 76 81 85- 94 97 112 126 134 145 156 166 178 184 200 214 230 
34 47 50 52 57 67 flQl 80 87 91 103 108 118 127 138 148 158 167 175 182 190 206 
63 48 51 47 55 58 68 74 83 86 92 102 105 113 120 129 136 144 147 156 158 167 
89 55 55 53 55 53 58 63 69 74 83 89 98 106 114 .117 126 135 144 145 154 160 
69 46 51 56 58 69 76 82 91 99 112 119 129 134 148 157 167 166 180 185 200 208 

l~~uttermilk 
62 46 53 5.3 59 66 69 78 85 90 100 108 121 125 130 138 147 157 161 164 173 181 
50 59 55 59 63 70 76 84 89 96 100 111 117 127 132 144 154 164 170 183 196 · 211 
45 57 52 58 64 66 72 78 85 95 99 114 120 131 140 150 158 165 172 186 200 214 
35 50 52 51 56 66 69 75 87 91 100 106 118 123 128 141 148 159 173 176 196 208 

103 50 56 56 55 56 62 66 72 78 85 92 101 109 110 119 128. 128 131 136 136 151 
93 68 66 67 60 65 72 78 82 88 96 108 110 121 130 134 137 152 152 174 

General Mean 51.5 52 .. 9 57.0 61., 7 67 .. 1 72 .. 3 79 .. 5 85.9 91. 7 99.3 108.5 117. 5 126.2 132. 9 142.7 151. 6 160 .. 3 167.0 174.9 184. 9 
197.7 



CALF 
E. M. 

~ Skim-Mil~ 

6 
67 
57 

.LO!..~im-mi lk 

51 
26 

.1~ Buttermil! 

25 
65 
63 

L~ ~uttermillf 

54 
64 

General Mean 

BIRTH 
WEIGHT 

85 
74 
57 

86 
70 

91 
75 
56 

87 
79 

76.0 

l 2 

95 106 
78 82 
62 71 

85 93 
73 80 

98 109 
76 76 
63. 69 

TABLE _KXI 

3 

114 
94 
73 

104 
92 

121 
87 
70 

4 

128 
102 
84 

!,12 
97 

132 
95 
78 

5 

138 
112 
94 

121 
106 

147 
108 

89 

INDIVIDUAL 'WEEKLY WEIGHTS (lb.) FRIESIAN OALVES 

Weeks of Age 

6 

150 
122 
104 

132 
114 

166 
116 
93 

7 

165 
134 
117 

139 
121 

172 
128 
103 

- -- --

8 9 10 11 12 

176 195 202 206 226 
146 158 174 185 201 
124 126 143 151 167 

152 163 172 183 197 
130 137 146' 2nili .,J;•. : \: ' ;,2~~1~, A :A d ojc, ,'f~ A 

191 210· 219 243 255 
138. 153 165 181 191 
109 113 124 136 152 

13 14 

238 258 
212 226 
179 193 

214 228 
lf9·· . ';":5,1;:,a1< 

271 287 
203 236 
164 178 

15 16 17 

.268 281 298 
236 252 269 
206 218 225 

~2ciCl 263 275 ,,~ii} 225· 2a, 

296 321 334 
244 264 277 
190 205 219 

18 19 

308 324 
286 300 
244 244 

292 310 
·2q.Ji, 268 

352 376 
296 316 
234 238 

20 

343 
312 
262 

318 
270 

385 
323 
257 

92 109 114 124 135 143 150 163 172 188 200 219 234 251 267 282 297 318 320 344 
83 89 93 102 109 121 132 141 153 

80.5 88.~ 96.2 105.4 115.9 126.1 136.t 146.9 158.0 170.3 182.8 198.Q 211,.7 228.5 241.0 256.7 269.8 286.3 299.6 312.7 



"-,'; 

(inches) JERSEY CALVES TABLE XXII INDIVIDUAL WEEKLY HEIGHTS - ----
CALF DATE Weeks of Af,le 
E. M. BORN DAM SIRE BIRTH 2 4 6 8 10 12 14 16 18 20 

12~ Ski.!!!=Milk 
Yreda 1d]f July 27 Yreda V Jack• 24.6 25.2 26.6 28.0 ·29.1 29.9 31.1 31.5 32.9 33.4 
Kewpie 2~) AUF,l• 12 Kewpie Victor ' 25.6 26.8 26.8 28.9 29.9 30.8 31.9 33. l 33.1 
Betsy 2~ Aug. 5 Betsy s. Bam " 24.9 25.0 26.4 28.0 28.8 29.9 31.3 32.6 33. 7. 34.5 35.9 
Belinda 3fl AUi• 9 Belinda s. Sam 25.0 26.4 27.5 29.3 30.1 31.2 22.3 33.6 34.5 35.9 
Amy 8 6) Aug. 31 Amy G. slam+ 24.5 24.6 25.5 27.1 28.2 • Pukeatea Union 
Sally 19 Sept 10 Sally v. Jack 27.9 28.6 30.1 30.8 31.8 32.9 33.6 35.2 36.2 36.5 Jack 

' MaoI'i Wona_ertul 
~ Skim-Milk Victor 
Alison 12~~ July 25 Alison Victor 24.0 25.6 26.7 28.1 29.4 30.3 32.0 32.7 33.1 33.9 "Broken Hill Silent Virtue ,

3
) Aug. 9 Virtue L.D.Sam •• 26. L~ 27.7 29.1 29.8 31.2 32.1 32.9 34.L~ 35.2 35.7 Sam Yerle 6 ~ Au{l .. 3 Yerle V.Jack 25.0 24.8 26.,8 28.5 29.1 29.7 30.L~ 30.4 

Beth 31 Aug. 6 Beth s. Sam 25.6 26.5 27.6 28.3 29.3 30.3 30.9 31. 9 32.6 33.8 
Yuschia 8~~ Aug .. 24 Yuechia G. alam 24.5 25.9 26. 6 27.0 27.7 29.0 29.1 30.5 31.9 32.6 •• Landsdowne Double 
Jewel 4 Sept 3 Jewel G. sfam 26.3 27.4 28.1 28.8 29. 5 30.0 30.9 31. 7 32.6 33.4 Sam 

+ Dunlavin Grand 
~_J}uttermi~ Slam 

Amp ~ July 22 25.a ,., &'·'.: ? i297l} i1,1v ·· 52~~ 31·w 34.x&. 5 .35.3 Amp D. Sam .•;.2,;,,4J ~ ,·1,: y.; ......• , .·,· •• .. 11: •.• 
Alma 55 ) Aug. 15 Alma Victor 24.0 26. l 27.8 29.0 'J0~9 32.1 33.2 33.9 .7 36.3 
Blanche 3, Aug. 5 Blanche s. Sam 24.3 24.5 25.9 26.8 28.0 29.4 30.0 30.7 31.6 33.3 34.0 
Brenda 6 t5) Aug. 16 Brenda G. i: 24.8 25.7 26.9 28.0 28. 7 29. 5 30.2 31.4 32.0 32.7 33.7 Yula 89(6) Aug. 31 Yula G. 25.4 25.8 26.7 26.8 27.3 28~4 29.2 30.3 31. 3 31.8 32.pt 
Sonia 69 AUF,l. 17 Sonia Victor 24.5 24.8 26.3 28.0 29.4 30.4 31.6 32.6 33.2 34-1 35. O 

1~ Buttermilk 
-Ju~ 6~- Aug. .4 Juno Victor 24.1 24.1 25.5 26.4 27.3 29.0 30.·1 30 .. 9 32.4 32.4 33.5 Meg 5 (3 Aug. 14 Meg L .. D.Bam 26.4 26.2 27.8 28.4 29.4 30.3 31.3 32.1 33 .. 2 34.1 35.3 Annette 4~ Aug. 12 Annette L.D.Sam 23.9 25.9 26.5 28. 2 28.9 JQ~O 31.6 32.7 33.6 34.3 Bella 3 Aug. 6 Bella s. Sam 24.1 26.2 27.3 27.•5 29.6 30.3 31.6 32.8 33.6 35.1 Wilma 10J~ Sept. 9 Wilma v. Jack 25.4 26.4 26.9 27.9 29.0 29.6 31.1 31. 6 32.6 32.6 Yuten 9 Sept 13 Yuten Victor 26.3 26.9 27.3 27. 2 28 .. 6 29 .. 8 30.4 31. 6 32.2 33.1 

General Mean 24.8 25 • .3 26.6 21:6 28.6 29. 7 30.7 31. 6 32. 7 33.6 34.4 
( ,....- .. -,-l"t. .......... ,,.,,..,,,,... ... _.,,,.u .... , ..... I., .,.,, 1"'\ l!,, /-LI. r:''T:C:.. \ • 



CALF 
:E. M. 

l~ Skim-ni.i lk 

Yola 6 
Yvette 67 
StarliDi 57 

lgoJ S k!!!,l.:-mi ~ 

Wimble 51 
Yelda 26 

~,:termilk 

Yzora 25 
Trix 65 
Starling 63 

lQJ§ Butter~)£. 

Sadie 
Yatta 

54 
64 

DATE 
BORN 

July 17 
Aug. 26 
July 28 

July 26 
July 25 

July 25 
Aug. 22 
July 28 

July 27 
Aug. 19 

DAM 

Yola 
Yvette 
StarliDi 

Vfimble 
Yelda 

Yzora 
Trix 
Starling 

Sadie 
Yatta 

SIRE 

Laddie• 
Laddie 
Laddie 

A6jff 
Laddie 

Laddie 
Laddie 
Laddie 

Laddie 
Laddie 

tt 

General Mean 

TABLE X1JII.. INDIVIDUAL WEEKLY HEIGHTS (inches) FRIESION CALVES 

BIRTH 

27.9 

Weeks of Age 
2 4 6 8 10 12 14 16 18 20 

i 
29 .. 4 30.5 31. 5 33.~ 34.9 36.1 J7.0 37.9 38.8 39.1 
27.7 28.,Q 29. 6 30.6 ·•3i.8 33.1 34.5 35.3 36. 2 37.6 
26.3 2.5.7 28.2 30.1 3~~,tf; 31.9 33.0 33.7 34.4 .35.6 

28.4 29.3 31.0 32.,3 33.1 33.8 35.7 36.2 38. 1 39.0 
27.8 30.0 29. L~ 32 .. Lt. 32. 7 34.2 35.0 36 .. 1 37., l~ 37.7 

29.0 31.3 32.4 33.5 35.6 36 .. 5 38.1 39.2 40 • .3 40.8 
27.6 29. 6 30.9 30.4 33.,3 34...2 35 .. 7 36 .. 6 38.o 39.1 
25.8 26 .. 7 27.4 29.3 30.2 31.1 32.5 33.5 35.0 35.3 

27.9 30.4 36.4 32.0 33.0 33.9 35 .. 7 36.6 37.3 38.2 
27.3 29.2 30.2 31.2 

• Lauderdale Laddie 
Poson 

" Tokaora Domino 
Asjea 



APPENDIX lJJ.. 

Dat~ from previouP calf e:,cperiments conducted 

by the Dairy ~e~earch Institute. Used for the calculation 

of the ptendard deviation of weights at twenty weeks 

(T~hle 11), and in the correlation coe~ficients of 

Table 111. 



TABLE XXlV. 

Grmvth data f'rom D.R. I. records. 

Calf' Ear-Mark Birth wt. 4 weeks wt. 20 weeks wt. 

1940 
42 4 lb. 63 lb. 206 lb. 
51 45 55 196 

9 50 73. 193 
3 52 82 235 

17 54 80 234 
4 51 75 236 

22 45 67 221 
2 41 70 213 
5 43 72 217 
1 84 251 

25 82 203 
7 58 187 

1943 
19 51 72 242 

DZ 10 38 55 224 
DZ 14 73 96 295 
DZ 11 69 79 249 
DZ 9 38 56 214 
DZ 13 60 75 249 

8 66 93 236 
11 51 85 245 

DZ 16 42 68 210 
26 51 87 252 

DZ 3 65 96 272 
85 51 89 261 
84 54 90 275 

4 57 86 265 
DZ 5 75 242 

1945 
51 65 94 296 
32 59 93 295 
25 44 84 254 
58 61 97 272 
71 50 83 266 
94 50 76 248 

112 51 72 225 
116 53 77 243 
117 51 72 243 
119 58 81 255 
120 55 79 265 
123 51 73 264 
181 33 51 212 

45 49 85 278 
36 56 86 254 
54 5~ 80 252 
62 68 94 272 
85 58 87 250 

111 60 81 257 
114 48 72 249 
113 51 76 261 
115 45 72 260 
121 63 86 256 
125 56 82 260 
122 51 76 258 
153 44 57 204 



TABLE XXl V ( contd. ) 

Calf ear-mark Birth wt. 4 weeks wt. 20 weeks wt. 

~ 
146 57 90 256 

35 87 204 
138 95 256 
150 76 218 
168 87 264 
196 60 82 220 
160 78 237 
163 77 241 
151 57 90 233 
166 74 215 
170 78 220 
172 70 206 
174 70 213 
156 59 94 263 
137 48 81 235 
136 55 92 256 
132 45 71 207 
145 62 100 295 
158 89 254 
161 77 229 
162 80 258 
165 72 209 
169 68 210 
173 75 218 
176 73 227 
175 64 215 

.lW 
28 54 202 
30 62 186 

130 49 58 244 
60 54 193 

100 49 156 
149 50 66 241 

27 57 191 
52 62 239 
43 54 204 
57 56 210 

113 67 148 
162 43 53 199 

Mean 52. 5 75. 9 235.6 




