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Abstract
This study was planned to examine the influence of varying levels of corn steep liquor on feed intake and growth
performance of growing nili-ravi male buffalo calves. Fifty male buffalo calves of 9 month old were randomly divided
into five groups, 10 animals in each group, using Randomized Complete Block Design. Five isonitogenous (16% crude
protein) and isocaloric (2.6 Mcal/kg) diets were formulated. The control diet had 0% corn steep liquor and in 20, 40, 60
and 80% diets, urea on nitrogen equivalent was replaced by corn steep liquor, respectively.Animals were given weighed
amount of feed twice daily at ad libitum. The daily feed offered and refusals were recorded to calculate dry matter
intake. The sample of feed offered and refusal were used to determine dry matter, crude protein, neutral detergent fiber
and acid detergent fiber. Animals fed 40% corn steep liquor diets ate highest dry matter (3.33kg daily)and was the
lowest (3.16 daily) by those fed 40% corn steep liquor diets. The neutral detergent fiber and acid detergent fiber
digestibility was higherin animals fed diets containing corn steep liquor than those fed diet containing 0% level.
However, dry matter and crude protein digestibility remained unaltered across all diets. Calves fed 40% corn steep
liquor diets gained more weight (757 g/day) than those fed 80% (637 g/day). Pre slaughter weight of animals fed 40%
corn steep liquor diet was the highest (141.5 kg) and was the lowest (130 kg) in those fed 80% corn steep liquor diet.
Warm carcass weight was higher in animals fed 40% (65.8 kg) diet followed by those fed 60%, 80%, 20% and control
diets. Primal cuts, ash, Na, K and Ca remained unchanged across all diets. The red blood cell count, white blood cells,
packed cell volume and hemoglobin values were also same across all diets. In conclusion, animals fed CSL40 diet
gained more weight and were cost-effective when compared to those fed control, 20%, 60% and 80% diets.
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Introduction
Increasing prices of feed ingredients are making livestock keeping unaffordable by the resource poor
livestock farming community of the country. This farming community is maintaining more than 80% of
country’s livestock (Sarwar et al., 2004). This increased feed ingredient cost coupled with a feed shortage
has not only worsened feed availability, but it has also adversely affected profitable livestock production.
This situation reduces animals performance which are already under fed (Sarwar et al., 2004b). This feed
shortage situation can be improved through many ways but addition of new feed ingredients in the national
feed inventory after the determination of their nutritional value seems promising.
Many agro industrial byproducts, including molasses, rice polishings, wheat bran, sugarcane pith, oil
cakes and meals, hulls, corn industry byproducts etc., have already been added. Their inclusion in feed
formulation has not only enhanced animal productivity but it has also improved feed value (Khan et al.,
2004) and reduced animal feeding cost (Sindhu et al., 2002), because more than 70% cost of any livestock
enterprise is incurred on feed (Nisa et al., 2004). Thus, exploring new feedstuffs, their chemical and
biological evaluation for livestock will open new avenues to reduce the feed shortage.
One of the byproducts of corn industry is corn steep liquor (CSL) which may offer a promising protein
alternate (Nisa et al., 2004b) provided nutritionally evaluated. It is a byproduct of wet corn milling industry
and is high (40%) in crude protein (CP). The CSL is a good source of carbohydrates, essential amino acids,
peptides, organic compounds, magnesium, phosphorous, calcium, potassium, chloride, sodium, sulfur and
myo-inositol phosphates (Nisa et al., 2004; Hull et al., 1996). It contains 50% dry matter (DM), 10% ash and
16% nitrogen free extract (NFE). Its pH is 3.7 and it contains 21% lactic acid (Khan et al., 2008). It is high in
K which limited its inclusion in ruminant feed (Andrew and Tom, 2013) because K is bitter in taste that
reduces feed consumption when high levels of CSL are used (Andrew and Tom, 2013). However, the
scientific evidence regarding the influence of feeding high level of dietary CSL on feed intake, digestibility,
weight gain and meat quality in ruminants is limited. Therefore, present study was planned to evaluate the
effect of CSL on nutrients intake and their digestibility, weight gain, hematology and carcass quality of
growing male buffalo calves.

Materials and Methods
Animals and Diets
In this experiment, fifty male buffalo calves of 9 months old were randomly divided into five groups, 10
animals in each group, using Randomized Complete Block Design based on their weight. Five isonitogenous
(16% CP) and isocaloric (2.6 Mcal/kg) diets were formulated. The control diet (C) had 0% CSL and in
CSL20, CSL40, CSL60 and CSL80 diets, 20, 40, 60 and 80% urea on nitrogen equivalent was replaced by
CSL, respectively (Table 1).
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Table 1. Ingredients and chemical composition of experimental diets
C
15.0
35.0
4.0
0.0
0.0
0.0
0.0
24.0
15.0
3.0
1.0
1.0
2.0

CSL20
14.0
20.0
3.0
5.0
0.0
0.0
0.0
28.0
26.0
0.0
1.0
1.0
2.0

Diets 1
CSL40
17.0
20.0
2.0
10.0
3.0
3.0
2.5
15.0
10.0
13.5
1.0
1.0
2.0

91
19
23.0
13.5
2.6

90.1
19
26.5
14.6
2.6

89.9
19.1
23.4
14.7
2.6

Ingredients (%)
Wheat Straw
Corn Grains
Urea
2
CSL
Canola Meal
Sunflower Meal
Corn Glutten 60%
Rice Polishings
Maize Bran
Enzose
NaHCO3
Salt
3
DCP
Chemical Composition (%)
Dry Matter
Crude Protein
Neutral Detergent Fiber
Acid Detergent Fiber
Metabolizable Energy; ME (Mcal/kg)

CSL60
33.5
15.0
1.0
15.0
4.5
4.5
4.5
4.0
4.0
10.0
1.0
1.0
2.0

CSL80
33.0
5.0
0.0
20.0
6.0
6.0
5.5
4.0
3.0
13.5
1.0
1.0
2.0

89.8
19.1
34.7
23.5
2.6

88.8
19.1
34.2
23.6
2.6

1

C, CSL20, CSL40, CSL60 and CSL80 diets contained corn steep liquor as replacement of urea at the rate of 0, 20, 40, 60 and 80% on the basis of
nitrogen supply by corn steep liquor, respectively.
2
CSL Corn Steep Liquor
3
DCP Dicalcuim Phosphate

The CSL was obtained from the Rafhan Maize Products (Pvt.) Faisalabad, Pakistan, a multinational
maize processing company. Animals were treated against all internal and external parasites and vaccinated
against local diseases (Hemorrhagic Septicemia, Food and Mouth Disease) before the start of experiment.
The experiment lasted for 90 days.

Feeding management and data collection
Calves were housed on a concrete floor in separate pens and no mechanical means were used to control
the house temperature. Relative humidity and temperature during the experiment remained 66.27±6.11% and
38.21±4.21°C, respectively. Feed was offered twice (0600 and 1400 h) a day and calves were fed at ad
libitum. During collection period, calves were fed 10% less feed in order to avoid refusal. Samples of feed
offered and refused were collected for analysis. Feed offered and refused were weighed to calculate the dry
matter intake (DMI). During collection periods, complete collections of urine and feces were made according
to the procedure described by Williams et al. (1984). The feces of each animal were collected daily in
specially designed drum, weighed; mixed thoroughly and 20% of it was sampled and dried at 55°C. At the
end of each collection period, dried fecal samples were composited by animal and 10% of the composited
samples of each animal were taken for analysis. Small special metal buckets fitted with a plastic pipe were
made for urine collection. This plastic pipe ended in a large container. Before collection periods, the urine
excreted by a calf was measured for three days to assess its volume in 24 hours. This was done to know the
amount of 50% H2SO4 to be added to maintain urine pH at about 4.0 which minimizes the escape of urinary
ammonia nitrogen (Shahzad et al., 2010).This measured amount of 50% H2SO4 was added into cylinders and
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whole day urine excreted by a calf was recorded. After weighing the urine voided by each animal in 24 hour,
20% of it was sampled and preserved at -20°C (Shahzad et al., 2010). At the end of each collection period,
the frozen urine samples were thawed and composited by animal and 10% of the composited urine sample
was used for N analysis.
Feed and fecal samples were analyzed for dry matter (DM) (AOAC, 1990) and crude protein (CP)
(method of micro Kjeldhal, AOAC, 1990). Acid detergent fiber (ADF) was determined by using
acetyletrimethyle ammonium bromide detergent in 0.5 M sulfuric acid (Goering and Van Soest, 1970)
whereas nutrient detergent fiber (NDF) was determined by using sodium sulfite (Van Soest et al., 1991).

Carcass Characteristics
At the end of the trial, three animals from each group were slaughtered for evaluation of carcass
characteristics. Calf body weight was recorded before slaughter. After slaughter, blood was collected.
Weight of different components of offal was recorded. These included external organs (skin, head, and feet),
thoracic organ (heart, lungs+trachea) and viscera (digestive tract, liver and kidney). All organs of digestive
tract (reticulo-rumen+omasum (rumen), abomasum, and intestine) were weighed with or without digestive
contents. Warm carcass weight (WCW) was also recorded. Dressing percentage was calculated following the
procedure described by Atti et al. (2004). Carcass was split longitudinally into two halves. The left halfcarcass was cut into primal cuts according to the method described by Diaz et al. (2002). Samples of meat
were dried at 50ºC, ground (1-mm screen), and stored for subsequent analysis. Dry matter was determined by
drying meat at 80°C until constant weight. Mineral contents were determined by ashing meat at 600°C for 8
hours. Nitrogen in meat was determined by Kjeldahal method as described by AOAC (1990). The Na and K
contents of meat were determined by using flame photometer whereas Ca was determined from the dry ashed
(550ºC) meat sample using atomic absorption spectrophotometer.

Statistical Analysis
The experiment was arranged in a randomized complete block design in 10 replications. Data were
analyzed using ANOVA Test. In cases of significance, means were separated by Duncan's Multiple Range
Test (Steel et al., 1997) by using the SPSS (version 17).

Results
Nutrient ingestion and digestibility
The dry matter intake was the highest (3.32 kg/day) by calves fed CSL40 diet and was the lowest (3.16
kg//day) by those fed CSL80 (Table 2). The CP intake was the highest (P < 0.05) in calves fed control and
CSL40 diets followed by those fed CSL20, CSL60 and CSL80 diets. The NDF intake was highest (P < 0.05)
in calves fed CSL60 (1082.43 g/day) diet followed by those fed CSL80, CSL20, CSL40 and C diets.
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Table 2. Effect of varying levels of corn steep liquor when replaced with urea on nutrient intake and their digestibility in calves
Parameters
Nutrient intake
Dry Matter (kg/day)
Crude Protein (g/day)
Neutral Detergent Fiber (g/day)
Acid Detergent Fiber (g/day)
Nutrient digestibility (%)
Dry Matter
Crude Protein
Neutral Detergent Fiber
Acid Detergent Fiber

C

CSL20

CSL40

3.24bc
638.48a
745.43e
437.54e

3.21c
610.66b
851.17c
469.25d

3.32a
628.43a
778.05d
488.78c

62.6
76.6
55b
47b

65.6
76.5
59a
56a

66.3
77.2
60.2a
55a

Diets1
CSL60

CSL80

SE

3.29ab
609.76b
1143.71a
774.56a

3.16c
582.36c
1082.43b
746.94b

11.83
3.20
23.27
20.89

67.7
77.3
60.2a
56a

69.7
78.0
61.1a
57a

1.8
2.2
1.7
1.4

1

C, CSL20, CSL40, CSL60 and CSL80 diets contained corn steep liquor as replacement of urea at the rate of 0, 20, 40, 60 and 80% on the basis of
nitrogen supply by corn steep liquor, respectively.
a-e
Significant differences (P<0.05) among treatments are indicated by different letters

The DM and CP digestibility remained unchanged (P > 0.05) in calves fed diets with varying levels of
CSL (Table 2). However, NDF and ADF digestibilities by calves fed diets containing CSL were (P < 0.05)
higher than those fed C diet (Table 2).

Carcass Characteristics
Pre-slaughter weight, warm carcass, dressing percentage, skin, heart, liver, kidney and heart weights
remained unchanged across all diets (Table 3).
Mineral profile of Meat
Total meat ash and its Na, K, and Ca contents remained unchanged (Table 4).
Table 3. Effect of varying levels of corn steep liquor when replaced with urea on carcass characteristics in calves
Diets1

Parameters
Pre-Slaughter weight (kg)
Warm Carcass weight (kg)
Dressing Percentage
Skin weight (kg)
Feet weight (kg)
Heart weight (kg)
Liver weight (kg)
Kidney weight (kg)
Lung weight (kg)

C
132.5c
60.8b
45.9
14.9
4.5
0.75
2.0
0.5
2.25

CSL20
133.4c
61.3b
46
15
4.45
0.76
2.1
0.49
2.2

CSL40
141.5a
65.8a
46.1
14.9
4.45
0.75
2.0
0.49
2.2

CSL60
137.6b
64.5a
46.3
14.9
4.45
0.75
2.0
0.5
2.3

CSL80
130.0d
61.3b
46.2
14.9
4.5
0.74
2.1
0.49
2.2

SE
1.11
0.51
0.24
0.06
0.05
0.01
0.02
0.03
0.03

1

C, CSL20, CSL40, CSL60 and CSL80 diets contained corn steep liquor as replacement of urea at the rate of 0, 20, 40, 60 and 80% on the basis of
nitrogen supply by corn steep liquor, respectively.
a-d
Significant differences (P<0.05) among treatments are indicated by different letters

Table 4. Effect of varying levels of corn steep liquor when replaced with urea on mineral profile of meat in calves
Diets1

Minerals %
Ash
Na
K
Ca
Mg

C
1
0.4
0.85
0.23
0.34

CSL20
1.1
0.4
0.9
0.24
0.35

CSL40
1.1
0.4
0.95
0.28
0.35

CSL60
1.1
0.41
0.93
0.29
0.35

1

CSL80
1.15
0.41
1.01
0.3
0.35

SE
0.029
0.029
0.026
0.023
0.03

C, CSL20, CSL40, CSL60 and CSL80 diets contained corn steep liquor as replacement of urea at the rate of 0, 20, 40, 60 and 80% on the basis of
nitrogen supply by corn steep liquor, respectively.
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Discussion
Nutrient ingestion and digestibility
Feed consumption and nutrient intake increased by calves fed diets containing CSL and this increased
feed consumption can be attributed to improved ruminal fermentation. This improved ruminal fermentation
in animals fed diets containing CSL could be because CSL supplied minerals, peptides and amino acids
when compared to those fed diet containing urea. The sugar and starch degrading bacteria require amino
acids or peptides and cellulolytic bacteria use ammonia for their multiplication (Russell et al., 1990). The
CSL being good source of amino acid and peptides might have triggered ruminal fermentation rapidly
compared to diets without CSL. The CSL contains some fermentable carbohydrates which yield keto acids
on hydrolysis. The ruminal ammonia nitrogen coupled with keto acids might have improved nitrogen (N)
and carbon synchrony in the rumen, enhancing microbial proliferation leading to improved feed degradation
(Sarwar et al., 1991). The CSL might have an adequate nutrient supply which not only enhanced microbial
synthesis in the rumen but also has improved feed intake because increased microbial efficiency has been
linked to increased feed intake (Haddad and Goussous, 2005). Some researchers have shown that bacterial
growth and fermentation in the rumen are optimized when starch and protein are synchronized in the rumen
(Nocek and Russell, 1988; Hoover and Stokes, 1991).
Nutrient ingestion like overall dry matter and fiber degradation in rumen play a pivotal role in
controlling the feed intake (Baile and Forbes, 1974). Rate of microbial degradation in rumen helps in
emptying the rumen which also helps in controlling the rate of passage of ingested feed (Mertens, 1977). The
NDF, being an most important constituent of feed and forage, ferments and passes slowly through the
reticulorumen and has a larger filling effect than other nutrients of diets (Van Soest, 1965, Martens, 1987).
Many other partially filling effects including, chewing rate, indigestible NDF fraction, particle size and
contractions of reticulum also limit the intake (Jarrige et al., 1986; Allen, 1997). Ruminant have an optimum
capacity for maximum usage of different nutrients to fulfill their productive performance. In other words, the
ability of healthy animals to metabolize feed varies with animal class and condition (Illus and Jessop, 1996).
There had been a significant difference in digestibility of NDF and ADF by calves fed diets containing
CSL whereas digestibility of DM and CP remained unchanged across all diets. The replacement of urea with
CSL was assumed to ferment at a rate which might have ensured sufficient gradually availability of nitrogen
unit (i.e rumen ammonia), a vital requisite for microbial multiplication. This might have enhanced rumen
microbial enzyme production leading to increased nutrient intake and digestibility (Sarwar and Nisa, 1999;
Sarwar et al., 2004). This implies that the structural carbohydrates (cellulose and hemicellulose) will be more
extensively fermented as evident by increased ADF and NDF digestibility in the present study.
Improved ADF and NDF digestibilities in animals fed CSL diets might be attributed to improved
cellulytic and proteolysis activities in rumen. Improved fiber digestion was due to improve cellulose
digestion by inhibiting the growth of lactate producing bacteria (Russell and Stroble, 1989). In present study
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CSL supplementation improved the NDF and ADF digestion but CP digestibility was unaltered in calves.
Analogous findings were observed by Dinius et al., (1976) who reported the non-significant CP digestibility
by urea supplementation. Contrary to these findings, Muntifering et al. (1980) reported that retained N was
higher with supplementation of urea. Likewise, Ding et al. (2008) reported that hemicelluloses had
significantly higher digestibility in urea supplemented diets but found unaltered digestibilities of CP, NDF,
and ADF. In contrary to findings of present study, Ding et al. (2008) reported an unaltered NDF digestibility.
The addition of CSL might have enhanced rumen microbial count (Nisa et al., 2008) and per unit
enzyme production due to availability of N in diverse forms (ammonia N, peptides and amino acids) and
keto acids (carbon skeleton) leading to increased nutrient digestibility (Sarwar and Nisa, 1999; Sarwar et al.,
2004). Availability of ammonia N, peptides and amino acids along with fermentable energy source in CSL60
and CSL80 diets might have enhanced rumen microbial multiplication and more enzyme synthesis leading to
improved CP degradability at ruminal level and microbial protein proportion at post ruminal level.

Growth performance
Increased weight gain in calves fed CSL containing diets was due to increased DMI. Atti et al. (2004)
also reported that growing ruminants fed concentrate increased weight gain by stimulating rumen microbial
activity, organic matter fermentation and microbial protein synthesis. The CSL contains macro and micro
nutrients which might have influenced rumen ecology leading to increased volatile fatty acid (VFA)
production. This might have increased ruminal microbial amino acid flow to intestine (Shahzad et al., 2010)
and increased daily weight gain may be attributed to improved ruminal fermentation (Sarwar et al., 2004).
This improved ruminal fermentation might have yielded increased VFA production because of enhanced
microbial bio-mass resulting in increased digestion (Sarwar et al., 2004). This might have increased postruminal flow of amino acids (Weisberg et al., 1992). Shahzad et al. (2010) also reported improved weight
gain of ruminants because of their better ruminal fermentation and increased microbial multiplication and
microbial flow to the post ruminal supply of microbial protein and amino acids. Spicer et al. (1986) reported
that 50% metabolizable protein from microbial crude protein (MCP) was required for cost-effective growing
beef animals; however, reduced weight gain in calves fed C diet might be attributed to an inadequate supply
of keto acids or imbalance between keto acids and rumen ammonia or both.

Carcass Characteristics
Carcass characteristics include the hot carcass weight, cold carcass weight, dressing percentage and
bone to meat ratio. Dressing percentage is the weight of the carcass expressed as a percentage of live weight
(Pethick et al., 2000). Different protein sources affect the carcass characteristics and meat composition. Of
the VFAs produced from ruminal fermentation of carbohydrates, propionate is the major carbon substrate for
gluconeogenesis (Russell and Gahr, 2000). The ruminal propionate concentration increases with the
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fermentation of starch (Ciccioli et al., 2003), thereby increasing the amount of carbon substrate available for
gluconeogenesis.
There had been a non-significant difference in the carcass characteristics by calves across all diets. Non
significant effects of carcass quality by calves fed CSL diets reflect the suitability and potential of CSL as a
suitable ingredient to replace urea. Furthermore, encouraging effects of CSL also elucidates the absence of
any undesirable constituent in it (Shahzad et al., 2010). However, Pethick et al. (2000) attributed the trend
for decreased intra muscular fat to increased DMI. Growth of muscle tissues and extent and site of marbling
in carcass affects the value and mass of meat in ruminant animals (Mahgoub et al., 1978; Hogg et al., 1992).

Mineral profile of Meat
Unaltered mineral profile (Na, K and Ca) of the meat by calves fed CSL diets is due to similar dietary
mineral composition and their transformation in meat tissue. The results of the present study are supported
by the findings of Comerford et al. (1992), who reported that meat composition was not affected by different
feeding regimens in ruminants. Similarly, in another study, ash content of the carcasses remained unaltered
as noticed by Szabo et al. (2001).

Conclusion
From the results of the present study, it can be concluded that animals fed CSL40 diet gained more
weight and were cost-effective when compared to those fed control, 20%, 60% and 80% diets. Therefore, it
can be concluded that CSL can be incorporated in the diets of male buffalo calves without any adverse
effects on meat quality and mineral profile.
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