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ABSTRACT
The experiment was conducted to investigate the possibility of replacing cottonseed cake (CSC) with rapeseed cake
(RSC) and maize gluten feed 30% (MGF) as protein equivalent basis in Sahiwal calves fed maize silage as basal diet.
Twelve male calves (about 12-14 months old, and average body weight 110.5±9 kg) were randomly divided into I, II and
III groups with 4 calves in each. Three iso-nutritious (CP 15% and TDN 72%) concentrates with CSC, RSC and MGF
silage ad-libitum as basal diet. Results revealed non-significant difference (P>0.05) in total dry matter (DM) intake
among the groups, however, daily weight gain (kg/head) by group III (0.78) was 18% and 23% higher (P<0.05)
compared to group I (0.66) and II (0.63). Similarly, better feed conversion ratio was observed in group III (5.51)
followed by group II (6.46) and I (6.53). The digestibility of DM, neutral detergent fibre and acid detergent fibre was
alike among the groups whereas, CP digestibility and N retention was significantly (P<0.05) higher in group III
compared to other groups. The economic benefits (ratio of output to input) was higher with MGF (1.29) followed by
RSC (1.08) and CSC (1.00). These results suggest that MGF protein source is the best when compared with CSC or RSC
on protein equivalent basis in terms of higher growth rate, nutrient digestibility and economic benefits in calves fed
maize silage as basal diet.
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source with balanced amino acid composition (Robbelen
et al., 1989) that can be included in ruminant’s diet.
Recently, expansion of hybrid corn cultivation
in Pakistan is resulting in increased production of it’s by
products like maize gluten feed 30% (MGF), obtained
after maize wet milling process. It has high protein with
methionine contents that complements other common
protein sources (Anonymous, 2006).
The average approximate cost of one kilogram is
Rs. 43 (1US$ = 106 Rupees) for CSC with 23% CP; Rs.
35.50 for RSC with 36% CP and Rs. 26 for MGF with
27% CP. The cost of one kg CP obtained from CSC, RSC
and MGF is 186.96, 98.61 and 96.30 rupees, respectively.
Due to vast price difference among protein sources, there
is need to exploit suitable and cheaper protein source for
optimum production and economic returns. Ludden et al.
(1995) described that some protein sources showed better
results than others in terms of better feed efficiency and
digestibility when used in diets on protein equivalent
basis. The present study was therefore, planned to
investigate the possibility of replacing CSC with RSC or
MGF on protein equivalent basis in the concentrate
supplement on intake, growth rate, nutrient digestibility
and economic benefits in Sahiwal calves fed maize silage
as basal diet.

INTRODUCTION
Growth rate of calf is influenced by many
factors like genetics, health, age, breed, colostrum
feeding, management and seasonal stress etc. To exploit
optimum genetic potential and efficiency of production in
calves, balance nutrition with adequate energy and
protein levels and quality is utmost necessary. Usually
high yielder dairy and fattening animals are provided
forage-concentrate based diets that contribute 50-60% of
total animal production cost (Anjum et al., 2012; Yildiz
and Todorov, 2014). Therefore, cheaper feed resources
with appropriate nutrients should be exploited to meet the
nutritional demand of increasing trend of animal/calf
fattening. In ruminant’s diet plant protein sources are
being used including oilseed cakes/meals, by-products of
food production, and forage legumes etc. Their inclusion
in fattening and dairy rations ranges from 15-20%.
However, plant protein sources are more expensive than
other ingredients of compound feed.
Traditionally cottonseed cake (CSC) is used as
concentrate in the feed of ruminants. But due to
fluctuation in supply and seasonal availability of CSC, its
price becomes high compared to other oil seed cakes.
Comparatively, rapeseed cake (RSC) is cheaper protein
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Statistical analysis: The data were given as means ±SE.
The data were statistically analyzed with the standard
procedure of analysis of variance according to
Completely Randomized Design as described by Steel et
al. (1997) by using Minitab 15 software. Means were
compared by Duncan’s Multiple Rang Test at 5% level of
probability.

MATERIALS AND METHODS
Animals, Feed and Management: For experiment
twelve growing male calves of Sahiwal cattle breed
(about 12 to 14 months old, and average body weight
110.5±9 kg) taken from Livestock Research Station,
National Agricultural Research Center, Islamabad were
assigned to three groups I, II and III with 4 calves each
followed completely randomized design. After deworming, vaccination and acclimatization to new feed for
a period of 10 days the calves were housed in individual
tie stall in well ventilated, concrete floor and asbestos
sheet roof shed. Daily sweeping and cleaning of floors
with water was practiced to provide good hygienic
environment. Fresh water was offered 2-3 times per day.
Three iso-nitrogenous (15% CP) and iso-caloric
(72% TDN) concentrate supplements with cotton seed
cake (CSC), rapeseed cake (RSC) and maize gluten feed
30% (MGF), on protein equivalent basis (as fed) were
formulated (Table 1) and fed individually at 1.5% body
weight of calves to group I, II and III, respectively. Maize
silage was also offered ad-libitum to each calf as a basal
diet.
Growth performance trial was conducted for 80
days (November, 2015 to January, 2016). Actual amount
of supplement/maize silage offered and refusal by
individual animal was recorded daily to obtain net feed
intake. Growth rate was examined by weighing calves
fortnightly with floor scale with two consecutive days.
Feed conversion ratio (FCR) was calculated as kilograms
of feed intake per kilogram of gain. Followed by feeding
trial a five days nutrients digestibility and nitrogen
balance trial was performed. Feed, orts, faeces and urine
(10% of total) samples were collected daily, composited
by animal, dried at 60°C in air forced oven, grinded and
analyzed for DM, CP, CF, Ca and P according to AOAC
(1990) methods. Cell wall fractionation (NDF, ADF)
were determined with the ANKOM fibre analyzer using
reagents described by Van Soest et al. (1991). Daily urine
output was collected in plastic buckets which were
acidified by daily addition of 30 ml 6 N H2SO4 to avoid
N losses due to ammonia volatilization and to prevent
bacterial growth. A representative sample (2%) was taken
of each animal for N determination (AOAC, 1990) and N
retention estimation.

RESULTS AND DISCUSSION
Growth performance of Sahiwal calves fed
rations containing CSC, RSC and MGF as plant protein
sources along with maize silage as basal diet is presented
in Table 2. Average total DM intake in calves fed CSC,
RSC and MGF was 4.31, 4.07 and 4.15 kg/day,
respectively, but statistically the difference was not
significant (P>0.05) among the groups. This indicates
that when CSC was replaced with RSC or MGF on
protein equivalent basis by inclusion of 21, 14 and 18%
respectively, the palatability of ration was not affected for
Sahiwal calves. These results are partially in agreement
with Yildiz and Todorov (2014) who noticed same intake
(1.10 vs 1.08 kg, respectively) in calves fed with or
without RSM diets. Wahlberg (2009) reported that intake
of DM did not influence by inclusion level of maize
gluten feed even up to 50% of the ration. However, our
results are contradicted with the work done by Hayazuddin et al. (2013) who observed 11% higher DM intake
in Holstein Friesian cross bred cows fed total mix ration
(TMR) having 35% CSC than TMR with 40% mustard
seed cake. The difference in DM intake might be due to
higher inclusion level (40%) of mustard seed cake
compared to present study i.e., 14%.
The calves fed ration with MGF gained
significantly (P<0.05) higher weights (0.78 kg/d)
compared to those fed CSC (0.66 kg/d) and RSC (0.63
kg/d) based rations, but the difference between CSC and
RSC was non-significant (P>0.05). Similarly, FCR was
better (P<0.05) with MGF (5.51) while poorer with CSC
(6.53), however, FCR of CSC based ration did not differ
from RSC. Better daily weight gain and FCR in calves
fed ration with MGF are might be due to higher content
of ruminally un-degradable protein (RUP) in MGF as
compared to CSC and RSC protein sources. Marghazani
et al. (2013) reported RUP values of CSC, RSC and
MGF as 40, 44 and 61%, respectively. Literature reported
that protein sources with increased RUP are highly
digestible in small intestine (Mirza et al., 2004) and are
essential for growing calves to meet their metabolizable
protein requirements (NRC, 2001). The present findings
are in line with those of Rehman et al. (2000) who
reported non-significant difference (P>0.05) in DM
intake but found higher (P<0.05) weight gain (0.76 vs. 65
kg/d) and better FCR (8.89 vs. 10.25) in Sahiwal calves
fed TMR with 15% MGF+15% CSC than those fed 30%
CSC. Similar results were previously documented by

Economic benefit: The economic return value, expressed
as the ratio of output to input, is calculated based on feed
price, calves body weight and growth performance as
follows:
Output/input = (ADG×MPBW)/ (DMI×MPF)
Where ADG is the average daily gain (kg/head),
MPBW is the average market price of body weight
(Rs/kg), DMI is the daily DM intake (kg/head/d), and
MPF is the market price of feeds (Xie et al., 2012).
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Yunus et al. (2004) who reported higher weight gain and
better feed efficiency in growing cattle and buffalo calves
that were supplemented with plant protein sources having
increased RUP values.
Average nutrient intake of DM, crude protein
(CP), crude fiber (CF), neutral detergent fibre (NDF) and
Acid detergent fibre (ADF) and their digestibility are
presented in Table-3. Statistically, the differences in
intake of nutrients were non-significant (P>0.05) among
the groups. In the current study, Sahiwal calves
consumed 1.09 to 1.25 liters of water for every one kg of
DM intake that is lower as reported by Banerjee (1998),
possibly due to seasonal effects as the digestibility trial
was executed during January. Khan (2009) also suggested
that water intake is influenced by seasonal effects, DM
intake and sodium intake etc.
Except CP, the apparent digestibility of DM,
NDF and ADF were alike among all groups, which was
significantly (P<0.05) higher in MGF group possibly due
to high RUP value as compared CSC and RSC groups but
the difference between CSC and RSC was non-significant
(P>0.05). Paengkoum et al. (2004) reported that CP
digestibility increased linearly (P<0.05) as the level of
RUP increased from 0 to 6% in Saanen goats diets.
Nitrogen balance was positive for all calves; however, N
retention whether expressed as grams per day or as a

percentage of N intake was higher (P<0.05) in calves fed
MGF compared to CSC and RSC. These results are also
supported by Paengkoum et al. (2004); Bahrami et al.
(2014) who reported higher N retention in goats and dairy
cows supplemented with proteins having increased RUP
values.
Economic benefits have been shown in Table 4.
In this experiment, on DM basis, price of one kg of maize
silage was Rs. 24.24 (1US$ = 106 Rupees), while
concentrate consisting of CSC, RSC and MGF was Rs.
28.93, 26.07 and 25.12, respectively. Whereas, price of
one kg live weight of animal was considered as Rs. 175.
The feed cost per kg gain in calves of group III (Rs.
136.07) was 27% and 19% less than those of group I (Rs.
173.54) and II (Rs. 162.53), respectively. Therefore,
economic benefits (ratio of output/input) with MGF
based diet were higher compared to CSC and RSC diets,
respectively (1.29 vs 1.00 vs. 1.08). The results of the
current study were supported by Shi et al. (2014) who
reported that profit returns were mainly relying on
efficiency of feed utilization by animals and feed cost.
Xie et al. (2012) and Mirza et al. (2004) suggested that
economic returns can be obtained by comparing the cost
of the supplements and basal feed with the value of the
live body weight produced.

Table 1. Ingredients and chemical composition (%) of experimental diets.
Ingredients
Cottonseed cake
Rapeseed cake
Maize gluten feed 30%
Maize grains
Rice polishing
Wheat bran
Molasses
Di-calcium phosphate
Limestone
Salt
Urea (feed grade)
Mineral pre-mix
Total
Chemical composition (% DM)
Dry matter
Crude protein
Neutral detergent fibre
Acid detergent fibre
Total Digestible Nutrients**
pH

Concentrate with plant protein sources*
CSC
RSC
MGF
21
14
18
10
10
10
26
28.25
25
24.75
30
29
15
15
15
1
1
1
0.5
0.5
0.5
0.5
0.5
0.5
0.75
0.25
0.5
0.5
0.5
0.5
100
100
100
91.04
15.20
29.13
21.16
71.88
-

90.89
15.15
31.73
19.78
72.22
-

*Maize

90.20
15.08
32.19
19.67
72.17
-

Maize silage
33.00
8.90
42.50
25.90
3.82

silage was offered ad-libitum as basal diet to all animals while concentrate containing cottonseed cake (CSC), rapeseed cake
(RSC) and maize gluten feed 30% (MGF) was supplemented @ 1.5% body weight to group I, II and III, respectively.
** Calculated values.
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Table 2. Growth performance of Sahiwal calves fed maize silage as basal diet supplemented with concentrate
comprising plant protein sources during whole period of trial.
Parameters
I
(CSC)
4
112.0±4.1
164.8ab±4.8
52.8b±2.2
0.66b±0.04
2.15±0.15
2.16±0.15
4.31±0.15
6.53a±0.44
173.31

Number of calves
Average initial weight (kg/head)
Average final weight (kg/head)
Average weight gain in 80 days (kg/head)
Average weight gain (kg/head/day)
Concentrate (DM) intake (kg/head/day)
Maize silage (DM) intake (kg/head/day)
Total DM intake (kg/head/day)
Feed conversion ratio (FCR)
Feed cost per kg gain, Pak Rs** (1US$ = 106 Rupees)

Treatments*
II
(RSC)
4
109.5±3.5
159.9b±4.9
50.4b±2.2
0.63b±0.04
2.05±0.11
2.02±0.10
4.07±0.10
6.46a±0.42
162.82

III
(MGF)
4
110.0±3.4
172.5a±5.2
62.5a±2.7
0.78a±0.05
2.17±0.16
2.13±0.13
4.13±0.14
5.51b±0.37
136.16

Values with different superscripts in the same row differ significantly (p<0.05)
*Maize silage was offered ad-libitum as basal diet to all animals while concentrate containing cottonseed cake (CSC), rapeseed cake
(RSC) and maize gluten feed 30% (MGF) was supplemented @ 1.5% body weight to group I, II and III, respectively.
**On dry matter basis price of one kilogram of maize silage was Rs. 24.24 while concentrate consisting of CSC, RSC and MGF was
Rs. 28.93, 26.07 and 25.12, respectively,
n=4 Sahiwal cattle calves per treatment.

Table 3. Nutrients intake, digestibility and nitrogen metabolism in Sahiwal calves fed maize silage as basal diet
supplemented with concentrate comprising plant protein sources during last 5 days

I
(CSC)

Treatments*
II
(RSC)

III
(MGF)

5.45±0.21
0.650±0.06
1.59±0.11
1.15±0.10
1.25±0.11

5.21±0.19
0.619±0.04
1.65±0.10
1.03±0.07
1.09±0.10

5.64±0.25
0.665±0.06
1.82±0.14
1.11±0.09
1.15±0.10

64.88±1.69
69.80b±1.80
65.55±2.05
61.12±1.85

64.23±1.75
70.13b±1.83
62.66±1.96
59.55±1.81

65.48±1.89
74.08a±1.93
62.97±1.91
58.66±1.77

104.00±4.10
66.69±1.85
38.31b±1.25
36.87b±1.28

99.04±3.74
62.41±1.71
36.63b±1.22
36.98b±1.26

106.40±4.22
63.12±1.70
43.28a±1.34
40.68a±1.32

Description
Average daily intake (kg/day)
Dry matter (last 5 days)
Crude protein
Neutral detergent fibre
Acid detergent fibre
Water intake (lit) per kg DM intake
Nutrients digestibility (%)
Dry matter
Crude protein
Neutral detergent fibre
Acid detergent fibre
Nitrogen retention (g/day)
Nitrogen intake
Nitrogen outgo (faeces+urine)
Nitrogen retention
Retention % of intake N

Values with different superscripts in the same row differ significantly (p<0.05)
*Maize silage was offered ad-libitum as basal diet to all animals while concentrate containing cottonseed cake (CSC), rapeseed cake
(RSC) and maize gluten feed 30% (MGF) was supplemented @ 1.5% body weight to group I, II and III, respectively.
n=4 Sahiwal cattle calves per treatment.
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Table 4. Economic analysis of experimental rations fed to Sahiwal calves during whole period of trial.

Description
Dry matter intake (kg/head/day)
Concentrate
Maize silage
Total
Cost of feed (Rs/day)** (1US$ = 106 Rupees)
Concentrate
Maize silage
Total cost (Rs/head/day)
Average weight gain (kg/head/day)
Feed cost per kg gain (Rs.)
Economic benefits (output/input)

I
(CSC)

Treatments*
II
(RSC)

III
(MGF)

2.15
2.16
4.31

2.05
2.02
4.07

2.17
2.13
4.30

62.19
52.35
114.54
0.66
173.54
1.00

53.44
48.96
102.40
0.63
162.53
1.08

54.51
51.63
106.14
0.78
136.07
1.29

*Maize

silage was offered ad-libitum as basal diet to all animals while concentrate containing maize gluten feed 30% (MGF),
cottonseed cake (CSC) and rapeseed cake (RSC) was supplemented @ 1.5% body weight to group I, II and III, respectively.
**On dry matter basis price of one kilogram of maize silage was Rs. 24.24 while concentrate consisting of CSC, RSC and MGF was
Rs. 28.93, 26.07 and 25.12, respectively, whereas price of one kilogram live weight of animal was considered to be Rs. 175.
n=4 Sahiwal cattle calves per treatment.
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