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Milk replacer feeding promoted faster rate of growth
(average daily gain of 154 g, Bhatt et al. 2009) during pre-
weaning phase. In young ruminants (during first 4 weeks
of life), milk proteins, butter fat / fat of vegetable and animal
origin, sugars including lactose and glucose are
satisfactorily utilized however, non-milk proteins (above
20% of the total protein) and starch cause depression and
food refusal and starch digestion can be facilitated by
cooking or gelatinization. Feeding cooked grain mixture
as gruel rather than in dry form is an effective way to
improve starch digestion in pre-ruminants (Krishnamoorthy
and Moran 2011). Feeding restricted quantity of milk,
stimulates solid food intake which results in faster rumen
development. Restricted milk feeding encourages solid feed
consumption and has been viewed as a key contributor to
the metabolic and physical development of the rumen
(Baldwin et al. 2004). Calves maintained on reducing milk
feeding frequency from twice to once in a day accelerate
intake of starter feeds without adversely affecting body
weight gain (Hussain et al. 2009) or glucose metabolism
(Stanley et al. 2002).

Therefore, the present experiment was aimed at assessing

the effect of two types of milk replacers (i.e. gelatinized
and non-gelatinized) with limited suckling (after afternoon
milking of dams) on pre-weaning performance of lambs
and its economic analysis.

MATERIALS AND METHODS

The experiment was carried out in semi-arid Rajasthan
during the period of October to December (2014). During
the experiment, minimum and maximum ambient
temperature ranged from 8.02 to 16.40°C  and 24.90 to
35.24°C . Relative humidity varied from 39.02 to 81.74%.

Seven days old Malpura lambs (45) were divided into
three groups of fifteen lambs comprising 7 males and 8
females in each group. The animals were penned in well
ventilated enclosure during the day time and let loose with
their dam during night. Lambs of control group (C-0) were
allowed to suckle their dams at 7.00 h in the morning and
at 16.00 h in the evening and were offered standard
concentrate mixture, dry cowpea hay and dry Pala (Ziziphus
nummularia) leaves, and fresh Ardu (Ailanthus excelsa)
leaves. The two treatment groups (MR-G and MR-Ng) were
fed additionally with gelatinized and non-gelatinized milk
replacer (MR), respectively and their suckling from the
mother was limited by allowing the lambs to suckle only
after manual milking of respective dams once at 16.00 h.
All other feeding protocol in MR-G and MR-Ng remained
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ABSTRACT

Influence of milk replacer feeding to lambs was assessed on pre-weaning growth and nutrient utilization. Seven
day old Malpura lambs (45) were divided into three groups of fifteen lambs in each group and were fed ad lib.
creep mixture and roughage (C-0; Control) along with free suckling of dam. Unlike control (C-0), the lambs in two
treatment groups were additionally fed with gelatinized (MR-G) and non-gelatinized (MR-Ng) milk replacer with
limited suckling from their dam, which were manually milked once in the afternoon (4.00 PM). The MR was fed at
100 ml/lamb/day for first fifteen days and thereafter at 250 ml/lamb/day. The experimental feeding including a
digestibility trial was continued until weaning at 3 months of age. Weaning weight, total gain and ADG was higher
in MR-G compared to MR-Ng and control and there was 15.25% improvement in MR-G than the control. A lower
value of FCR indicated 10.5% improvement in MR-G than the control. The plane of nutrition and digestibility of
DM, OM, CP, NDF, hemicellulose was similar in all the three groups. The total milk collected/ewe in MR-G and
MR-Ng group was 9.0 kg each that fetched ` 360 and it reduced the production cost to ` 51.0 in MR-G, 53.1 in MR-
Ng compared to ` 68.1 in C-0. One time milking of ewes and replenishment with additional milk replacer to lambs
promises higher gain and introduction of the gelatinization procedure ensures further improvement in FCR and
ease in delivery to lambs.
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similar to C-0. The milk intake of individual lamb was
determined by lambs suckling method twice a week.

The lambs of MR-G and MR-Ng groups were offered
MR at 100 ml/lamb for first fifteen days thereafter 250 ml/
lamb daily at 11.00 AM. The MR was boiled for 5 min to
make the carbohydrate moiety gelatinized to form a
homogenous solution for easy delivery and then cooled to
42°C temperature prior to feeding the lambs. Milk replacer
was blended with warm water (42°C) to have total solid
17% simulating that of sheep milk. Daily records of green
leaves, dry hay and leaves, creep mixture and MR intake
were maintained during entire pre-weaning phase of
experiment. Metabolizable energy (ME) intake was
calculated according to ARC (1990) as ME (MJ/kg DM) =
[(digestible OM, g/kg DM)/1000] × 18.5×0.81]. Water was
available freely to lambs during experiment. The creep
ration offered to experimental lambs consisted of maize
33, barley 38, soyaflakes 7, groundnut cake 14, mustard
cake 3, til cake 4, mineral mixture 2 and salt 1 kg per 100
kg.

The growth trial lasted from 7 days to 91 days of age,
during which weekly body weights (BW) were recorded
prior to feeding and these values were used to determine
BW gain. Pattern of growth was calculated on the basis of
the 7 d periods. Roughage, creep mixture and MR samples
were collected once in a week, which were pooled after
dry matter (DM) estimation for further chemical analysis.
A digestibility trial was conducted after 75 d of experimental
feeding on six representative lambs of each group by double
indicator method (Shinde et al. 2000). Samples of feed and
feces were analyzed for DM by drying at 70°C  till constant
weight. The OM was determined by ashing at 550°C  for 4
h and CP by a Kjeldahl technique (AOAC 1995). Neutral
detergent fiber (NDF) was determined as per Van Soest et
al. (1991) with α-amylase, whereas acid detergent fiber
(ADF) and acid detergent lignin (ADL) were determined
according to the method described by Robertson and Van
Soest (1981). The chromium concentration in the feces was
determined by the method of Shinde et al. (2000).

At 84th day of age, rumen liquor (50 ml) samples were
withdrawn from six representative intact lambs of each
group after 4 h post feeding using a stomach tube. Each
sample was placed in a 100 ml glass jar for pH determination
using a portable pH meter within 4–5 min of sampling.
Thereafter, rumen fluid was strained with four layer of
muslin cloth and the strained rumen liquor (SRL) samples
were preserved in labelled polypropylene bottles by adding
a few drops of saturated mercuric chloride solution at
–20°C for further analysis. The SRL samples were analyzed
for total nitrogen (Total-N; Micro Kjeldahl), ammonia
nitrogen (NH3- N) and total volatile fatty acids (TVFA; Gas
chromatography). Ciliate protozoa numbers in SRL were
enumerated following the procedure described by Sahoo et
al. (1999).

Input cost included cost of creep ration, milk replacer,
dry Cowpea hay, Pala leaves and fresh Ardu leaves. The
cost took care of harvesting charges of leaves, local market

price of ingredients and their processing to prepare creep
ration and MR. Cost of rearing (feeding, health care etc)
included deployment of contractual services by the institute
for rearing the lambs up to three months. Output cost
included the cost of milk which was collected from the ewes
of test lambs and supplied to Livestock Product Technology
Section at ` 40/kg. Cost per kg weight gain was calculated
after deducting the cost of milk collected from the ewes of
test lambs from the total input cost involved in that group
and divided by total gain attained by the lambs of that
particular group.

Data were subjected to analysis of variance using SPSS
Base 14.0 (SPSS Inc. Chicago, USA). Significance among
the mean values for three dietary treatments were tested
using Tukey’s test.

RESULTS AND DISCUSSION

Chemical composition of milk replacer revealed 24.67%
CP and 11.23% EE and 8.46% total mineral matter and that
of lamb ration 11.94% CP, 2.12% EE and 11.94% mineral
matter. The composition of milk replacer (Table 1) was
similar to those reported earlier (Bhatt et al. 2009).

Plane of nutrition during early age of lamb influences
entire growth performance of lambs (Karim et al. 2008).
Lambs during their early age deposit more muscle and
require higher amount of protein, while older lambs deposit
more fat and require higher energy in the diet. Milk replacer
feeding in pre-ruminant animals aims to supplement dams
milk to support better growth of early weaned lambs,
whereas, early feeding of creep mixture to young lambs
promotes early rumen development and better growth (Ryan
et al. 2007). High and prolonged milk feeding delays early
rumen development. However, the recommended feeding
strategy involving modified milk supplement and creep
ration promote early establishment of rumen microflora and
functional rumen (Sahoo et al. 2005). Weaning weight, total
gain and ADG was higher (P<0.05) in MR-G compared to
MR-Ng and control, whereas the difference between C-0
and MR-Ng was non-significant (Table 2). Findings of the
present study were in agreement with the observations of
Diaz et al. (2001), Brown et al. (2005) and Bartlett et al.

Table 1. Chemical composition (g/100g of dry matter) of milk
replacer, creep ration, pala leaves and cowpea hay fed to

experimental lambs

Milk Creep Pala Cowpea
replacer ration leaf hay

Chemical composition (%)
Crude protein 24.67 14.05 16.67 9.97
Dry matter 94.21 94.21 94.06 93.40
Total ash 8.46 11.94 8.31 10.39
Organic matter 92.54 88.06 91.69 89.61
Neutral detergent fibre 15.63 48.27 45.72 59.38
Ether extract 11.23 2.12 2.15 1.97
Acid detergent fibre 6.99 12.76 33.32 33.32

Pala, Ziziphus numularia; Cowpea, Vigna sinensis.
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(2006), who reported similar improvement in growth and
feed efficiency in young ruminant calves on milk replacer
feeding. Similarly, Kaankuka et al. (1996) reported that
cooking improved (P<0.05) apparent digestibility and
retention of dietary DM, nitrogen and ether extract, and the
process of gelatinization of starch might have resulted in
better lamb performance in the current study. Pattanaik
et al. (2003) observed improved energy utilization due to
thermal processing of the grain moiety of calf starter.
Improvement in gain was 15.25% in MR-G as compared to
control. The growth rate of lambs may be considered
moderate to high as defined in earlier reports (Karim et al.
2007, Bhatt et al. 2009, Bhatt et al. 2011, Bhatt et al. 2015).
In agreement to our results, Hussain et al. (2009) reported
similar BW gain and higher starter intake in calf fed milk
once than twice a day without affecting glucose metabolism
(Stanley et al. 2002). Higher (P<0.05) concentrate intake
in control than MR-G and MR-Ng group correlate well with
this statement. No difference in dry as well as fresh roughage
intake was observed between the treatments. Dry matter
intake through milk suckling was higher (P<0.05) in control
group as dams in test groups were milked in the afternoon
before the lambs were allowed to suckle. Total daily DM
intake in lambs of all the treatments was similar as relatively
higher concentrate intake and milk suckled in control group
got compensated through DM consumed through MR in
the test groups. A lower (P<0.05) value of feed conversion
ratio (FCR) in MR-G as compared to MR-Ng and C-0 was

indicative of higher efficiency in converting the feed and
nutrients for BW gain. The improvement in FCR was 10.5%
in MR-G compared to control. High energy feeds are more
efficiently used in growth promotion of young animals
(Mahgoub and Early 2000). Tesfaye and Pantea (2003)
revealed a weight gain of 231 g/d in lambs fed milk replacer
up to 35 d of age. Emsen et al. (2004) reported that Awassi
lambs can be successfully reared on milk replacer with
lesser cost.

Daily DM, protein and metabolisable energy (ME)
intakes were not significantly different among lambs in the
three treatment groups (Table 3). Digestibility of DM, OM,
CP, NDF and hemicellulose was also similar in all the
groups. Nutrients fed through milk replacer in test groups
were compensated by higher concentrate and higher milk
suckled in C-0 group resulting in similar plane of nutrition
and nutrient digestibility in all the groups.

Rumen fermentation characteristics and ciliate protozoa
population: Rumen fluid pH was significantly (P=0.046)
higher in MR-G followed by MR-Ng and control (Table
4). Lower pH in control may be attributed to higher
concentrate intake (Tripathi et al. 2007). Rumen
metabolites, viz. total-N and ammonia- N was higher
(P<0.05) in MR-Ng followed by control and lowest in MR-
G. Gelatinization resulted in better synchronization of
protein and carbohydrates degradation yielding increased
microbial protein synthesis (Andrade-Montemayor 2004).
This could support better growth in MR-G compared to
other groups. An increase in ruminal fluid pH in MR-G
and MR-Ng could be due to added protein supply through
milk replacer feeding as evidenced with increased ammonia

Table 2. Effect of gelatinized and non-gelatinized milk replacer
feeding on growth performance, dry matter intake and feed

conversion ratio of experimental lambs

Parameter C-0 MR-G MR-Ng SEM Significance

Initial weight 5.7 5.7 5.7 0.29 0.452
(kg)

Weaning weight 17.1a 18.8b 18.1b 0.49 0.039
(kg)

Gain in weight 11.4a 13.1b 12.4b 0.42 0.027
(kg)

ADG (g/d) 147.5a 170.0b 160.5b 5.50 0.024
Dry matter intake (g/d)
Concentrate 185.3b 158.0a 150.5a 12.12 0.041
Dry roughage

Cowpea hay 24.5 18.4 21.9 3.67 0.467
Pala leaves 52.8 53.8 54.3 2.21 0.231
Fresh Ardu 34.6 33.0 32.6 2.37 0.417
leaves

Total roughage 111.9 105.2 108.8 6.24 0.321
Milk suckled 77.5b 63.9a 62.8a 2.15 0.121
RM fed - 34.8 34.8 2.21
Total dry matter 374 362 359 39.2 0.231

intake
Feed conversion 2.28b 2.04a 2.23b 0.12 0.041

ratio

a,bValues with different superscripts in a row differ significantly
(P<0.05).C-0, control; MR-G, gelatinized milk replacer, MR-Ng,
milk replacer- non gelatinized; ADG, average daily gain; SEM,
standard error of mean.

Table 3. Effect of gelatinized and non-gelatinized milk replacer
feeding on plane of nutrition and digestibility coefficients of

experimental lambs

Parameter C-0 MR-G MR-Ng SEM Significance

Plane of nutrition (g/day)
Dry matter 374 362 359 39.23 0.231

intake
Crude protein 66.31 66.06 67.30 2.23 0.541

intake
Digestible CPI 46.85 46.47 45.77 1.23 0.543
DOMI (g) 247.9 238.6 237.2 5.42 0.243
MEI (MJ/d) 3.71 3.57 3.55 0.48 0.123
Digestibility (g/100g)
Dry matter 67.23 66.24 66.16 1.349 0.942
Organic matter 73.25 70.91 71.84 1.110 0.719
Crude protein 70.66 67.16 68.01 1.544 0.661
Neutral detergent 56.37 57.10 52.32 2.223 0.673

fibre
Hemicellulose 73.53 74.82 72.92 1.575 0.259

ME (MJ/kg DM) = [(digestible OM, g/kg DM)/1000] ×
18.5×0.81. C-0, control; MR-G, milk replacer- gelatinized; MR-
Ng, milk replacer- non gelatinized; CPI, crude protein intake;
DOMI, digestible organic matter intake; MEI, metabolizable
energy intake; SEM, standard error of mean.
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N concentration. The ruminal TVFA concentration
increased (P=0.029) in control compared to test groups and
the lambs also showed higher concentration of propionic
acid in this group. No differences in proportions of
individual VFA was observed among the different groups.
Rumen ciliate protozoa count (×104) were lower (P=0.019)
in MR-Ng compared to control and MR-G. The added fat
in MR might have a direct inhibiting effect on ciliate
protozoa population (Jet-kins 1993). Fat or oils rich in
saturated medium-chain and unsaturated long-chain fatty
acids inhibited ruminal protozoa in vitro and in vivo
(Machmuller and Kreu-zer 1999, Ivan et al. 2001). In
addition, better synchronization of energy and protein in
the diet often reported to influence entodiniomorphs
population. Chen and Hsu (1998) reported lower population
in continuous culture system with better protein and energy
synchronized diet.

Higher intake of concentrate in control group added to
input cost, which was higher in control (` 291.0) as
compared to MR-G (` 248.0) and MR-Ng (` 237.0) group.
The additional input cost accrued in MR-G and MR-Ng
group due to MR feeding was ` 300.2. Thus, the total
nutritional input cost accounted to ` 776.7 in control and
` 1027.7 in MR-G and ` 1018.2 in MR-Ng group. An
increase in BW gain of 1.7 kg in MR-G and 1.0 kg in MR-
Ng yielded additional return of ̀  425 and ̀  250 (considering
the market price of ` 250 per kg live weight), which
compensated the input cost of MR fully in MR-G and
partially in MR-Ng. Further, the return from sale of 9.0 kg

milk from dam that were milked once a day in the afternoon
accounted to ` 360 with an average market price of ` 40
per kg milk, which was over and above the profit ascertained
from increase in live weight due to MR feeding. When the
net input was calculated by considering the return from dam
milk the cost per kg live weight gain become ` 51 in MR-
G and ̀  53.1 in MR-Ng compared to ̀  68.1 in control group.

Gelatinization of starch moiety of milk replacer resulted
in higher live weight gain with an improved feed conversion
efficiency and better return from the sale of lambs. Further,
restricted suckling of lambs by allowing one time milking
of ewes and compensatory feeding of milk replacer to lambs
showed no adverse effect on growth performance. On the
contrary, milk replacer feeding supported additional live
weight gain with a lower cost of production due to sale of
dam milk.
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