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Summary

A total of 38 energy kalance trials were done for calves fed a liquid milk replacer, calf starter and
second cut mixed hay. Milk replacer supplied 81% of the total dietary energy. Live weight of calves
averaged 54.1 (S.D. * 6.2) kg and daily pain 0.37 (X0.23)kg. The metabolizability of gross energy
averaged 0.822. A regression was calculated relating energy retention (ER. kI/kg9-75) to the intake of
metabolizabie energy (IME, kJ/kg0-75): ER = 0.72 (10.12) IME — 330,1 = 0.702, P <0.01, S.E. + 18.0.
Metabolizable energy for maintenance (MEm) was calculated to be 458 kJ/kg0-75 when ER = 0. The
amount of IME cver MEm for an individual animal (MEg, k3/kg? 75) was regressed on averaged daily
gain (ADG, kg): MEg = 413 (391) ADG + 0.2, £ = 0650, P <0.01, S.E. * 21, The amount of ME
requirement for suckling calves was estimated using values obtained above,
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Introduction

Feeding of reconstituted liquid diet for pre-
ruminant calves has been established, vet little
work has been done on the utilization of the
energy for growth by suckling caives. Calves given
whole milk have bcen reported to utilize meta-
bolizable energy with the efficiency of 0.77 to
0.85 (ARC, 1965). Animals given liquid milk re-
placer appeared to have a little lower efficiency of
utilization of metabolizable energy than those fed
whote milk. Van Es (1970) found the efficiency of
utilization of metabolizable encrgy for growth in
veal calves fed liquid milk replacer to be 0.687.
Calves aged at ! to 6 weeks have utilized meta
balizable cnergy for growth with the cfficiency of
0.70 when they were given reconstituted liquid
diets (Neergaard, 1980).

The present study was desipned to nieasure
the efficiency of utilization of metabolizable
energy for growth and to estimate the metaboliz-
able energy required for maintenance and prowth
of suckling calves given a liquid miik replacer.
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Matetials and Methads

Fourleen Holstein-Fricsian male calves were
fed a milk replacer, calf starter and second cut
mixed hay. Calves were kept in individual crates
and fed at different lcvels as previously described
(Sekine et al., 1987a) without the Jevel for 1.0 kg
of dsily gain. Energy balances were measured
when thc calves were 2, 4 and 5 weeks of age. A
total of 38 balances were determined. Faces and
urine were measured hy total coltection over 7-
day periods, The respitatory mceasurement and the
calculation of heat production were determined
as described previously (Sekine et al., 1987a).
Live weights of animals were measured at the be-
ginning and at the end of 7-day collection periods,
Feed offered, fced weighbacks and faces were
analyzed for proximate composition as described
by Sekine et al. (1987h), and gross energy using
an adiabatic bomb calorimeter (Sekine et al.,
1987h) (table I). Intakes and retention of energy
were expressed on the basis of metabolic body size
(kg®7%). Statistical analysis were made by the
methods of correlation, regression and covariance
analyses described by Steel and Torrie (1960).

Results
The calves ingested a mean of 674 g of dry
matter from milk replacer, 166 g of calf starter
and 12 g of hay (lable 2). The quantity of gross
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TABLE 1. PROXIMATE COMPOSITION QF FEEDS
Feed DM (82 EE C. Fibre NFE GE
% _—— — %ofDM — ———— — MlJ/kgbhDM
Milk Mean 86.7 36.3 11.3 0.53 435 21.4
replacer S.D. 4.7 2.7 2.8 0.27 6.5 0.8
Calf Mean 85.9 235 2.9 8.1 585 18.¢
statter 3$.D. 2.6 1.5 6.8 0.3 2.5 1.1
2nd cut Mean 87.7 18.6 4.0 27.5 38.6 18.5
mixed hay S.D. 1.3 5.2 1.3 4.3 4.4 0.4

MEAN DRY-MATTER AND ENERGY SUP-
PLIED BY DIETS AND THEIR RELATIVE
SUPPLY TO THE TCTAL

TABLF 2.

Milk Calf  2nd cut
] Total
replacer starter mixed hay

Dry-matter

g/day 674 166 12 852

% of lotal  79.1 19.5 1.4 100
Gross cnergy

Mi/day 14 .4 3.1 0.2 17.7

% of total  B1.3 174 1.3 100

encrgy supplied by the milk replacer was 14.4 MJ/
day which represented 81% of the foial intake of
energy. The solid feeds supplied 3.3 Ml/day or
19% of the total gross encrgy.

The calves weighed 54.1 (S.D. £ 6.2) kg at the
start of the experiment, gained on average 0.37
(x0.23) kg/day. The average digestibility of the
encrgy was 0.860 (£0.005) and metabolizability
of gross energy (g) averaged 0.822 (£0.060). The
regression of ¢ on enerpy digestibility (ED) is
shown by the following equation:

¢ = 0.989 (x0.088) ED — 0.028,

r=0.880, P <0.01,5.E. * 0.004.

The regression analyses of energy retention
(ER, kI/kg0-75) on intake of metabolizahle energy
(IME, kJ/kg®75) revealed that the coefficients
of recgression resulted in 0.64 * 0.12, 068 %
0.14 and 0.73 + 0.16 for 2, 4 and 5 weeks of age,
respectively, which showed no significant differ-
ence among the age groups. The analysis of covari-
ance also showed no significant difference among
the ages. Thus, the results were pooled and result-
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ed in the fallowing equation:

ER =0.72 (x0.)2) IME — 330,

1=0.702, <001, SE +18.0.

This equation shows that for suckling calves the
efficiency of utilization of ME for growth {(kg) was
0.72 and metabolizable energy required for main-
tenance (MEm) was 458 kJ /kg®7®.

The quantity of IME for growth of an indivi
dual animal was calculated by suttracted MEm,
The residual of IME was considercd to be ME for
growth (MEg). Then, MEg (kJ/kg®7%) was regress-
ed on average daily gain (ADG, kg) at the period
when IME was measured.

MEg =413 (£91) ADG + 0.2,

i=0.650,P<0.01 SE 21,

Thus, a kilogram of ADG required 413 kJjkg®"®
of ME over that required for maintenance.

Discussion

The efficiency of utilization of ME for calves
fed whale milk has been reported to ke 0.85
(ARC, 1965) and 0.77 to 0.82 (Gonzalez-Jimencz
and Blaxicr, 1962). These fignures were hipher than
those found in the present study. The difference
may be partly caused by the inclusion of the
efficiency of wutilization of ME for maintenance
(km). Neergaard (1580) has reported that km was
0.86 for calves fed liquid diets between the ages of
1 to 6 weeks. The efficiency of utilization of ME
for growth (kg) has been reported to be 0.70 for
calves fed liquid diets (Nceergaard, 1980) and 0.687
for veal calves fed liquid milk replacer (van Es,
1970). The kg found In the present study sagreed
well with thesc reported values. Vermorel et al.
(1980) found the Friesian calves fed a milk
substitute diet utilized ME for growth with the
efficiency of 0.638 + 0.100 which was a little
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lower than that obtained in the present siudy.
Their calves at 5 weeks of age were fed 82 to 91%
of their total encrgy as milk and g ranged from
0.856 to 0.886. Energy supply of liguid milk
replacer composed 81% of the lolal and ¢ was
0.822 in the present study. The kg at 2 weeks
of age was 0.64 £ 0.12 in the present study,
which agreed well wilk the result obtained by
Vermorel et al. {1980). The resujts of the present
study showed no significant difference among
ages. Therefore, there may be no significant diff-
erence between the kg found by Vermorel et al,
(1980) and the present study. Thus, for calves fed
a liquid diet the kg value is around 0.7.

The quantity of ME required for maintenance
was calculated to be 458 k”kgons in the present
study. This value is agrecment with those reported
from other studies (van Es, 1970, Kirchgessner
et al, 1976, Neergaard, 1980 and Vermore] et
al., 1980).

The requirement of ME for suckling calves
was estimated using the figures obtained in the
present study and compared with values calculated
by the ARC system (1980) (table 3). The amount

TABLE 3. ESTIMATION FAOR ME RFQUIREMENT OF
SUCKLING CALVES LSING VALUES OB-

TAINED IN THE PRESENT STUDY

Daily gain kp/day

0 025 05
Present study’ | MIsd. 9.1 11.2 13.2
ARC(1980)2 ' MI/d. 9.5 117 143
Difference, MJjd. -0.4 0.5 -1.1

"Live weight, 54.1 kg; MFm, 458 k!jkg0.75, MLy, 413
kJ/kg0.75
?Live weisht, 34.1 kg; ¢, 0.822.
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of ME required for maintenance and growth of
scukling calves agreed well.

It was concluded that milk-replacer-fed calves
gaining less than 0.5 kg/day require 458 kI
kgo‘—"5 of ME for maintenance and 413 * 91 kJ/
kgn'75 for each kg of daily gain.
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