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Abstract . }

Twelve calves (4 Friesian, 5 Ayrshire and 3 Friesian x Boran crosses) were randomly- allocated to
three weaning regimes. These were Soybean-Fishmeal (SBFM) + 8 Wweeks weaning (treatment 1),
SBFM + 12 weeks weaning (treatment 1I) and cottonseed cake'-maize bran Dairy Meal Concentrate
(DMC) + 16 weeks weaning (Control treatment III). Their-growth performance was assessed up to
20 weeks of age. A digestibility trial was conducted immediately after weaning using thrée calves from
each treatment group. Mean birth weight of calves was 28.33+ 3.45 kg and mean weights at 20 weeks
of age were 99.2, 107.9.and 66.9 kg reflecting an overall growth rate of 0.51, 0.57 and 0.28 kg/day

for treatment ‘I,- Il and-IIl, respectively.: The mean growth rate of calves on- treatment III was

significantly lower (P=0.05) than those on tregtments I and 11 from the 17th to 20th week of age.
There were significant differences (P=0.01) in %CP digestibility between treatments 1 (75 %), 11 (72%)
and III (54%). Amounts-of milk consumed during experimental period werel 36.5, 241.5 and 353.5
litres per calf for treatments I, Il and IIL. «Cost of milk constituted 80.4%, 76.7% and 89.9 % of the
total feed cost for treatments.1, II and'III. Based on growth performance and cost, it was concluded
that early feeding of calves with.soybean-fishmeal based calf starter was more efficient and economical
than cotton seed cake -maize:bran based feeds commonly used in feeding dairy calves in Tanzania.
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Introduction R
T FRLY P
'In most sub-Saharan countries ‘with a devel-

oping dairy industry, calves are generally
weaned at 12 to 16 weeks of age, or when they

have reached the target weaning weight, nor-

mally about 60 - 70 kg. Calves may require
more than 12 weeks to attain the desirable
weaning weight due to a variety of factors, such
as, low birth weights combined with low
growth rates caused by poor feeding regimes or
parasitic and non parasitic infections. Weaning
at 16 - 24 weeks is not uncommon in Tanzania
(Akarro and Makiriye, 1986). This leads to the
consumption of 300 - 400 litres of milk by the
calf from birth to weaning, costing 75,000 to
100,000 Tanzanian shillings per calf. Such high
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costs of feeding calves makes heifer calves very
expensive relative to the final market value of
the heifers (about Tshs. 300,000 for in-calf
heifers). Raising bull calves for beef production
becomes uneconoinical if the cost of liveweight
gain is above the present market price of beef
animals (approximately Tshs 500 - 600 per kg -
liveweight or Tshs 1000 per kg beef).

High growth rate of calves is important so
that calves may be weaned early when they
have attained the target|weaning weight,
thereby saving valuable milk for human con-
sumption and sale. Every dairy farmer should
therefore be concerned with rearing methods
that enable calves‘vto grow 'fast and be weaned
as early as possible thereby increasing. profit-
ability of the enterprise. Apart from the eco-
nomic viewpoint, early wea'?ing of calves may

/ .
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be desirable in milk deficient developing coun-
tries as a way of making more milk available
for human consumption (Babiker et al., 1988).:

There is:therefore a need to develop cheaper
calf rearing methods which minimise the
amount of milk fed to calves while maximising
calf growth rates to attain a weaning weight of
70 kg at 12 weeks or earlier. Towards this ob-
jective, a series of studies are being conducted
at Sokoine University of. Agriculture (SUA) us-
mg locally avarlable feedstuffs Thls paper re-
ports results of the ﬁrst trial mvolvrng the use
of extruded soybean-ﬁsh meal based calf starter
in calf teedmg

|

Materiais'and -‘Methods
The e;rjperimental treatments and
feeding

Twelve calves (4 pure-bred Friesian, SAyr-
shire and 3 F1 (Friesian x Boran) cross breds; 5
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bull and 7 heifer calves) were fandomly-allo-
cated to three rearing regimes; i.e. Soybean-
fishmeal based concentrate. (SBEM) + 8 weeks
weaning (treatment T); SBFM. + 12:weeks
weaning (treatment IT) and Cotton: seedcake

based Dairy Meal Concentrate (DMC) + 16

weeks weaning (Control treatment. IIT). During

the first week all calves were fed on:colostrum,

thereafter the feeding regimes in Table 1 were

adopted. Mixing 33% Extruded full fat soybean

meal, 5% fishmeal, 60% Maize bran and 2%

- Maclic® (Cooper, Kenya Ltd.) mineral premrx

compounded the SBFM calf starter diet.

"Mixing 69% maize bran, 30% Cottonseed
cake and 1-% Maclic® (Cooper, Kenya Ltd.)
mineral premix-compounded the Dalry Meal
Concentrate (DMC). . .

~ Due’to the small number of calves no at-
tempt was made to balance the ‘breeds among
the three treatments.

"Calves in all groups were also given a small
amount of green guatemala grass from the 2nd

-

Tab!e 1 Feeding reginies of calves on'the three treatments

SBFM + 12 Weeks weaning

DCM + 16 Weeks weaning

Treatment / SBFM + Weeks weaning
Week 3 ) . :
S “Whole milk . SBFM  ~'SBFM SBFM Wholé milk DCM
(1/day) (g/day) ' *  (kg/day) (kg/day) (/day) (kg/day)
1 2 - - ~ 2 . - _‘- M . 2 v - ) °
2 3 '0.25 3 - 0.25 ¢ 37 0.25
3 4 0.25 . 4 0.25 4 0.25
4 4 0.5 4 0.5 4 0.5
5 7 ity 1.0 T 4 0.5. o 4 .05
6 - 2 1.0 .l 1.0 . Can 4 1.0
7o 1. 1.0 ‘4 1.0° 4 s 1.0
8 I 0.5 Conc ad lib 3 Cong. ad lib 4 Conc. ad lib .
9-f . .0 : 3 . .4 - ‘
0 | .:-.-0 " 2 " . 4 "
me .0 . 1 " 4 -
12 |- 0 . 0.5 " 3, "
13 0 " 0 " 3 "
N R | " 0 " 2 -
151> o " 0 " 1 "
16| 0 " 0 " 0.5 "
1720 7 0 " 0 L o &2 Lo
Note o

All catves were fed colostrum for 5 days from birth’ and were offered green guatemala grass from t.he 2nd week onwards

SBFM = Soybean-ﬁsh meal / malze bran concentraté -

et

"}.ﬂ"‘ = Cotton seed cake 7 marze bran concentmte
I B .
N

N
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week of-age.; A~v1tam1n premix was provided to (Radiometer®, Denmark) -according to- AOAC,
alk calves via ‘water. according to manufacturer’s (1990).- ME.content of feed ingredients was ob-
recommendatlons [(Pharmavita and Horticul- tained from:feed.tables and ME-for the com-
tural.Inputs Ltds; Kenya). Weighing and re- pounded starter diets.was cdlculated using the
cording all feed offered and refusals monitored proportional contribution of-the feed. 1ngred1-

daily feed intake:+All calves were weighed once ents'in.the diets..;, .3 - S 5.
a week at 08.00 hrs before feeding during the S R TR

entire, experrmental perrodv ER TS ST Stat1st1cal analys1s L e B EE
_',r - .. e .___.‘,;‘.* G

<‘| ne
o

Dngestlbllnty tl‘llal seoy ’ e " The data ot both- féeditig and‘drgestlbmty
study" were' analysed’ usmg the GEM procedure
(Statrstrcal Analysrs Systems (SAS) Insutute
Inc., 1985) for a complete randomized’ des1gn
(CRD) (Snedecor and Cochran 1967).-Birth,
weight and sex of calves were included as co-
variates in the model to remdve: the: éffect of in-

Three calves from each rearmg system (re-
glme) were taken immediately after weaning,
weighed and putin metabolic cages adjusted ac-
cording to. the size of the calves for a duration
of two weeks; -one week preliminary-period and
a collection period of one week. The faeces itial body weight and sex on weight gdins and
were-trapped onto_a nylon screen ( 2x 2 mm) feed intake ) B
which-could-allow the urine but not the faeces:i SR T U
to pass through. The calves were re-weighed at* . .
the-end -of collection period. All weighings  Results :
were carried-out at 8.00 a,m. before feeding,- - " - rere

The SBEM starter ration, DMC and the Composrtron'of the(ratrons o
green grass were weighed and recorded every
morning before feeding. Refusals of both con- .. . Chemical composition of the. feed ingredi-
centrates and grass were: collected dally before« . ents and the.two raﬁons 1€, SBFM calf starter
feeding, weighed and recorded. The grass was™ “fation and DMC is presented in Table 2:- The
sampled every day, dried and bulked for chemr- " ~SBEM calf starter: ration had 23.35 %CP and
cal analysis. Faeces were Lcollected at the same 5 95 % CF whrle the DMC had 15 59 %CP and
time €ach day, weighed and recotded. Ten pei-~ 877 %CFT T Rl
cent of the daily faeces was bulked and deep- . )
frozen for nitrogen determination. Twenty per- Growth rafte Of calves
cent of the faeces were dried at 60 °C for dry .
matter determination. Urine from each calf was With the CXCCPUOH of a few cases of mild
collected in plastic pails containing 20 ml of  diarrhoea in all the treatment groups, the calves
preservative made of sulphuric acid and copper were generally of 800(1 health throughout the
sulphate in-the ratio of 1:1.3375 volume to experimental period. - - ¥
weight, and made up to 1 litre using distilled The least square means of weight and aver-
water. Five percent of the daily urine output  age daily gain of calves are presented in Tables
was sampled and stored in stoppered plastic 3. The mean birth weight of calves was 28.33
bottles for nitrogen determination. 3745 kg in all the weaning regrmes Fig.'1

' kd shows the growth curves oftthe calves on the
fhree treatments. The mean! body weights of
) _ calves at 20 weeI(S/of age were not srgmﬁcantly

Samples for chemical a‘nalyses were ground different (P=0. 05)
to-pass through-l-mm sieve in a laboratory - - There ‘were no-significant d1fferences in'av-
hammer mill, P’roxrmateianalysls -was carrred __erage daily, gam of calves between treatments
out uslng ‘standard methods for DM N EE up to 16 weeks of age From the l7th week to
CE, Ash, and NFE (AOAC, 1990). Phospho- 20th week of age and the overall average darly
rous was determined in a UV/VIS spectropho- ~~ gains were “highet (P =005y ot SBEM fed
tometer Model 100-20 (Hitachi, Japan) while calves (Treatment I and II) than the DMC fed
Calcium was determined using an ion meter calves (Treatment III, Table 3).

NerTe

Chemical analyses
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Table 2: Chemical composntlon of feed mgredlents and the two experlmental rations (as

analysed) R

1,7 Feed ingredient ration .

C h e m:i ca |-SBM -'~_ “Fish meal “- Maize bran SBEM starter DMC
composmon . ) . .. - P N o Lo
DM (%), __',,: .98, 36 .- 9828 - 9304 . 993 " 98.46 Vo
CP(%), .., _42 ST . 495 . 1022 23.35 15.59 b
EE (%) |7 a6 S VYT & oy 676 7.75
CR(%) 58 T T oke T 176 537 8.77 '
NEE (%)° 98 © “Moa2 T T 63.ss ..54.41 . 584 E
Ash (%) edo T ms1T o am " 6.03 7.95
calw T il R a0t 0T om 1125 , 0.88
P(%) " - v o065 224 0.64" .. 0.66 - - 0.62
Caléulated - ME 12,3 - © ~:--+145 = 7% 117 - 11.887 - 11.79
(MJ/kg DM) RS
Note: . o L : -7 -
‘SBM =-Extruded full fat; soybean . VL 1 ~ .
SBFM = Soybean-fish meal ., . T

DMC = Dairy meal concentrate , . -

‘." o s c- . L -
1 1 ~

Post- weamng feed intake and
metabollc studles ' '

Least square means of dry matter and crude
protein intake and their utilisation by calves ith-
mediately after weaning are presented in Table
4. Mean dry matter intake iinmediately after
weaning were lower (P=0.05) for treatment I
than treatments II'and III. There were no sig-

body weights basis there wer€ no significant
differences in DM intake between the three
treatment groups. .

Higher (P= 0. 05) meat post Weanlng
crude protein intake was observed for calves on
treatment II followed by treatment I and treat-
ment III. Calves receiving the SBFM calf
starter ration (treatinent [ and IT) tended to have

'

Table 3: Least squares means (+ SE) of average daily gain (kg) of ca]ves for the different

feeding / weaning reglmes

L

Feeding / Weaning Reglme

3 i 4.

Period, (weeks) .. .. oy . SBFM + 8" week weamng

SBFM + 12" week weaning  DMC + 16" week: weaning

1-78 T T L. 044%0.10° 0.17+ 0.08° .. . .

1-12 - 0.45 +.0.08%" . o .0.25 + 0.067
1-16" - o 05240122 . _ 0271009

9-20f " - o 0.62io.u“2 0.65 + 0.12°, T 0.34% 0.09"

13-20 0.64 + 0.15* 075 + 0.162 ... 031+012° ' . C
17-20 0 ° " 0.52 + 0.09° 0.77 + 0.09* *0.30 + 0.07% '
Overall (1.-20" (veek) 0.51 + 0.10° 0.57 & 0.1'1a " 0284 0.08 .
Note:| ~ . TP )

a, b = Values in a row bearing different superscripts are significantly dlfferent ®= 0. 0s)

Pre- -weaning growth rate

2Post7wean1nﬂ growth rate’ - ¢

L

g [P ‘. .

nificant differences 111 méan dry matter. mtake

between calves on Treatment II and II1. How-

ever, when intake was_expressed on metabolic
R [ R S

more crude protein, intake than those receiving
the dairy meal councentrate (DMC). When:CP
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Uvewelght (kg)

ago (ecka) -

-5 SBPM + 8 weeka  —— SBPM + 12 woekn ' - DMC + 18 weeks

oL o oo W v

Figure 1: Growth curves for the different
. feeding regimes

intake was expressed on metabolic body weight .

. group.

. Cost evaluation of the feeding re-
gimes

Table 5 shows the cost of the three diet
treatments-during the entire experimental pe-
riod.-The cost. of the SBFM calf starter was
three tlmes ‘that of the dairy meal concentrate
Weanmg at 16 weeks reqmred 2.6 times more
‘milk than" weaning at 8 weeks (treatment I)
Calves weaned at 12 weeks consumed 1.8 tlmes
more milk than did those on treatment I feedlng
regime. Milk consumed up to weaning constr-
tuted 80.4%, 76.7% and-89.8 % of the total
feed cost for treatments I, II and III, respec-
_ tively. Lo

The feed cost data calculated on the basrs of
the cost of the individual ingredients.and their
percentage composition in the two starter ‘ra-
tions: were Tshs126.8 and. Tsh§"40.70 per Kg
for the SBFM and DMC, respectively (Table
5). The amount of SBFM starter.ration.and
dairy ‘meal concentrate consumed Were, 35 77
and 119 kg per calf for treatments T, I and 11
The total feed-cost of the'control diet (treatment
IIT) was 2.3 times that of 8 weeks weaning and
1.25 times. that of the 12 weeks weaning (Treat-
ment II). The cost of gain ofithe. control treat-
ment was 4.25 times. that of the 8- weeks wean-
ing-and 2.6 that of the 12-weeks weaning

‘o

N P r _3 N “. ""-3;
D1scuss1on

basis, the post weaning protein intake for calves._. __._ - 7. L

on.treatment. III was lower_(P) than. for the A

other treatment groups.
Post weaning Nrtrogen balance measured
over a 7- day perlod for each weaning age

group is shown in Table 4. Mean total crude’ ,'
protein excretlon (mean faecal plus mean uri- o

nary crude protem) were different (P.<0. 05)

o

between treatments (Table 4). Crude prote1n di- -
gestibility were lower for DMC + 16 weeks ;. weaning to-be‘done within 12 weeks.'as ex-

weaning than the other treatments (P 0. 001)

Mean urinary crude protein excreted were

higher (P 0.05) for treatment II than treatment I
and III. Crude protein retention was h1gher P
0.05) for calves in treatment I than the other
treatments.

There were no significant differences in di-
gestibility coefficient of the” dry ‘mattet of- the
treatment rations. ‘

=+ The- high values‘of CF-(0.69%) and- Ash
(23.35%) for fishmeal (sardines) were observed
from the analys1s and attributed to sandy con—
taminants and hay, This did not affect accept-
ability of the diets. .
The growth rate study clearly shows that the

" dairy meal concentrate was madequate in sups
porting sufficient growth of calves to enable

pected. The main reason was| that the- DMC ra-
tion had_lower CP (15%).compared:toLthe,
SBFM ration which had 23.35% CP. The cal-
culated ME content of the two diets was similar
(Table 2) and thus energy could not have con-
tributed to the d1fferences 1n growth perform-
ance of’ ‘the calves. . )

o Crude protein’ levels in calf starter’ should

accord1ng to Zambian Standards/ institute



s oo e .7 ..GJY, Berhane et-al.” 47:

Table ‘4: Least squares mean$+ SE) of | post-weamng DM and CP 1ntake and thelr utrhsatlon by

calves on three weaning regimes ~~-,;+ et ' e " :’;'
Treatments (Feeding / Weaning Regime) ., : Ca e v x
Parameters SBEM + 8% Week Weaning  SBFM + 12% Week Weanmg DMC + 16Lll Week Wearung
DMIntake e i cay Core , :‘:.‘ .
T 1467_+_80 8 184 _+_80 8 . 1835 £80.8
g kg W0 day:l 170.5 + 2.76% 4, Z 79. 6 +2. 76“ LT T4l 9 + 2 76" | ;
DM digestibility coei'ﬁcrent - CoN e, N ’ N o
(Bysi- E .o g2 N g
CPIntake Tee e e e >~ o , c C -
gd! 382+ 252b s ma 493+ 3520 - - - 34043520
/W7 3day." T oo T T 2a8%009t - Tt 139 %009
Faecal CP (g day™) 972+ 0.60° 7, 13.8%0.60° © 7 T 15.5 4 0.60°
Urinafy C-P'(g day’y . w797+ 1.05° ok 16.9°+ 1. 05‘l T 10.8 + 1.05°
Total CP +* -7% - -7 . WL L ool TR
Excreted (g oy oo 17710.66° , 30.5 + 0. 66" 26.2 + 066
CP Retamed Ty . S, R
g’ s ,,20.5{_4;2.‘4‘23., s 18.812.42*{ . ~17.74 + 2.42°
gWO0.75dayis .. - - T 0.984+0.09° - . 0.814:0.09% .4 3 . :032+£009°
CP’ Druestrbrlrty Coefﬁcrent 75° - e dn T2 LMl LD . 21"754b _

=4

(%) BN ~., A

Table 5: Summary for the amount and cost of whole milk, SBFM calf starter ration and DMC

i

*+  consumed up to weamng and weight gain up to 20 weeks of age .

v e

B i Whole Milk  _ _ Concentrates . - . . .
.- - = = - = fasi . T
Weamng Regune + Amount . Cost Amount Cost Total Cost Total Weight Cost of Grain
o : - Grain ~ ” * v
() (Tshs) (kg) (Tshs) (Tshs) (kg) (Tshs/ke lwt)
SBrM + 8 Weeks 136. 57 7 flésso R R 4000.5 20380.5 70.87 287.60 -
SBFM © + 12 24i5 280 - m V- 8801.1 37781.1 19.56 47490 . '
Weeks T e
DMC + 16 Weeks 3535 " . 42420 - 119” i L 48433 47263.3 . 38.61 1224.12
_‘vf .; I C e, B 11 N L e - T . ]

(1976) and W]utelaw et al, (1961) be at least
18% CP, while Roy. (1969) gives a. frgure of
20% CP:and-Loosli and- Cunmngham (1954)
recommended 24% CP as being optlmum for
early weaning starter ratrons The level of %
CP for SBFM was therefore within the recom-
men{ded range and it is not surprising it showed’
better results ‘than the DMC commonly used in
feeding calves in Tanzania, if at all supplemen—
tat10n is donevr .

- ‘Apart from-the different level of - % CP con-
tent| ,m the starter ratrons the essential amino
acid’ proﬁle of “soybean and fish meal is almost
similar. to.that of ,cows milk (Hrmson and
Hartwrg,’1977 and Opsvet et-al, 1978). This
impliés that replacmg milk with this stirter may
have provided, the calves ‘with® a diet more suit-.
able for replacing m11k than the DMC

On the other hand, the amrno a01d proﬁle of
CSCii m thé DMC is very drfferent from that of '
milk. Moreover CSC has some anu-nutntronall
factors like goss1pol that could interfere with
the growth of thé calves. Goss1p01 is known to
reduce growth in monogastnc ammals mclud-:
ing young calves, whrch are cons1dered to be’
monogastrlc ammals The degradablhty of ﬁsh-‘
meal in thé rumen is normally low ( Drskov,
1982) 1mp1y1ng that for ‘the weaned calves, the
escape protein will supply a better amino acid
profile to the animal. The growth rate results of
the present study are in agreement with those of
other workers (Whitelaw and Preston, 1963;,
Chalupa, 1975; QOrskov and Reid, 1985 and
Silva et al, 1986). Results obtained elsewhere
(Silva et al, 1986 and Opstvet et al, 1978) show
that higher. growth rates are possible with s0y-

. .
o ' . £
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bean/trshmeal based starter rations..

Results of the drgesttbﬂtty trial furthier de1n-""

onstrated the superiority of the SBFM ration _

over the dairy meal concentrate in terms‘of» ”
crade protein digestibility, -and mtrogen Feten-:

tion and hence co11f1rm the superiority of the
extruded soybean meal and fishmeal as prote1n
source for growing “calves. These results are’in"

agreement with those of Silva et al (1986), us-,

ing soybean meal prote1n and those of Opsetvet
et al (1978), using fish meal as protein replacer
in starter diets for calves. Itis therefore not sur-
prising that soybean has been extens1vely used

in formulation of early. calf starter rations- (S11_ya .

et al, 1986, Akinyele and Harshbarger, 1983;

Nitsan et al, 1971).-. . B fLoL

Results of the present study showed tremen-

dous differences in the cost of rearing-calves
depending on thé type of starter diets and wean= .
ing regimes used. Although the cost of SBFM &

starter ration was three -times that-of the DMC
ration, this was adequately offset by the more
favourable cost of gain, which was 3 - 4 times
cheaper.. This observation is in agreement with _

findings by Winter (1978 and 1985) who re-.

ported that an_early weaning program is an al-

valuable comments on tl1e draft manuscnpt of
“this paper

~ - I3 o
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Conclusions .-
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weeks and cuttrng down the cost of calf rearing
consrderably under Tanzanran cond1trons

Given’ the Tow acceptabrhty of soybean as
human food Tanzama Wthh produces very'
little soybean per annum, "could” expand, output
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