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ABSTRACT

The study was planned to examine the effects of different protein sources with or without probiotics on the nutrients intake and
their digestibility, nitrogen (N) balance, blood metabolites and growth performance. For this purpose, thirty two six month old
lambs were randomly divided into eight groups, four animals in each, in a 4x2 factorial arrangement. Four iso-caloric and iso-
nitrogenous diets were formulated using different protein sources [corn gluten meal 30% (CGM), canola meal (CM), cotton
seed meal (CSM) and sunflower meal (SFM)] with (50 g/ton) or without probiotics. Dry matter (DM) and crude protein (CP)
intake were higher (5.54%) in lambs fed CM diet, whereas neutral detergent fiber (NDF) and Acid detergent fiber (ADF)
intake were higher in animals fed SFM diet. Dry matter, CP, NDF and ADF digestibility was not affected (P>0.05) in lambs
fed diets containing different protein sources. Addition of probiotics increased (P<0.05) NDF and ADF digestibility (9.0 &
9.56%, respectively). Blood glucose was significantly (P<0.05) higher (18.67%) in lambs fed CM diets. The N-intake and N-
balance were different (P<0.05) in lambs fed diets containing different protein sources. Highest weight gain was observed in
lambs fed CM diet, and lowest in lambs fed SFM diet. Feed conversion ratio was similar (P>0.05) across all the treatments. It
is concluded that CM is better protein source for growing lambs than CGM, CSM and SFM. Moreover, diets containing
probiotics significantly influenced the growth performance of growing experimental lambs. © 2011 Friends Science
Publishers
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INTRODUCTION the ability to produce quality carcass at the age of six
months if fed diets with high proteins. Different protein

Sheep are numerically and socio-economically sources are known to increase nutrient intake and

important animals in Pakistan and provide quality animal
proteins for human consumption (Aldomy et al., 2009;
Shahzad et al., 2010). More than 20 sheep breeds are found
in Pakistan (Bhutto et al., 1993; Sarwar et al., 2010a). Kajli
is one of the famous sheep breed for its mutton and wool
production. Its better carcass yield, quality meat, in addition
to being a good-looking animal makes it an animal of choice
among farmers and consumers. Unlike Australia and New
Zealand, the countries with well maintained grazing
pastures and grasslands, Pakistan doesn’t have much to offer
for grazing of these animals. These animals graze mainly on
weeds, grassy vegetations in fallow lands along with leaves
and beans of wild trees. A low productivity of these animals
is because of poor quality feed stuff (Sarwar et al., 2002;
Shahzad et al., 2009a). Their productivity can be enhanced
by feeding them balanced ration. This is possible if we shift
from grazing feeding system to stall feeding system.

Some sporadic studies have been reported in which
sheep were maintained under stall feeding (Khan et al.,
1997; Irshaid et al., 2003; Sarwar et al., 2010b). Sheep have

digestibility, enhanced rumen microbial enzyme production
leading to improved weight gain (William et al., 1991).

The nutrient utilization can further be improved by
accelerating the rumen function through the use of feed
additives like probiotics (Ding et al., 2008). Probiotics have
also been reported to increase daily weight gains in lambs
by improving nutrient utilization in the rumen due to their
positive effects on rumen microflora (Abd El-Ghani, 2004).
The present study was planned to investigate the effect of
different protein sources with or without probiotics on
nutrient intakes and their digestibility, growth performance,
blood chemistry and nitrogen (N) balance in 6 month old
Kajli male lambs.

MATERIALS AND METHODS

Experimental diets and lambs husbandry: Thirty two
male Kajli lambs of six months age used in the previous trial
were randomly divided into eight groups of four animals
each in a 4x2 factorial arrangement to study the effect of

To cite this paper: Khalid, M.F., M. Sarwar, Mahr-Un-Nisa and Zia-Ur-Rehman, 2011. Response of growing lambs fed on different vegetable protein

sources with or without probiotics. Int. J. Agric. Biol., 13: 332-338



PERFORMANCE OF LAMBS FED ON DIFFERENT PROTEIN SOURCES / Int. J. Agric. Biol., Vol. 13, No. 3, 2011

different protein sources with or without probiotics
(Protexin™) on the nutrients intake and their digestibility,
growth performance, blood chemistry and N-balance. Two
factors were protein sources (Canola meal, cotton seed meal,
corn gluten meal 30% & sunflower meal) and probiotic
level (0 & 50 g/ton). The lambs were fed isocaloric (70%
TDN) and isonitrogenous (18% CP) diets formulated using
different protein sources according to NRC (1985)
requirements (Table I). The diets containing cotton seed
meal (CGM), canola meal (CM), cotton seed meal (CSM)
and sunflower meal (SFM) were supplemented with either 0
or 50 g/ton of Protexin®. All the lambs were maintained in
individual pens and fresh and clean drinking water was
made available round the clock. Lambs were vaccinated
against local prevalent diseases.

Growth performance study: The growth trial lasted for 90
days including a 10 days feed adjustment period. Lambs
were offered experimental diets twice a daily. Feed intake
was recorded daily and the residues were collected and
weighed. The lambs were weighed weekly before morning
feeding. Feed conversion ratio was worked out by dividing
the feed intake (g/day) by weight gain (g/day). The dry
matter (DM), crude protein (CP), neutral detergent fiber
(NDF) and acid detergent fiber (ADF) intake was also
calculated. All the lambs were shifted to metabolic cages,
which were specially designed for urine and feces collection,
separately to determine digestibility by total collection
method. After adaptation period, 5 days served as collection
period and the same was repeated after every 20 days
thereafter. Four digestibility trials were conducted during
the whole experimental period. Urine was collected in the
removable plastic bowls set beneath the metabolic cages.
The urine samples collected daily in plastic bowls were
acidified with 50% H,SO, to prevent any N losses (Nisa et
al., 2004). Total feces and urine voided by individual animal
was weighed daily and composited by animal and these
stored at -20°C for further analysis. At the end of each
collection period, the samples were thawed. Fecal samples
were dried at 55°C and ground through 1 mm screen. Feed
and fecal samples were analyzed for ADF and NDF
following the procedure laid down by Van Soest et al. (1991)
and DM and nitrogen contents using Kjeldahl method
described by AOAC (1990). The nitrogen balance was
calculated by using the equation described by NRC (1985).
Blood sampling and biochemical analysis: At the end of
this study, blood samples were collected six hours post
feeding. Blood sample (10 mL from each lamb) was
collected by puncturing jugular vein; 2 mL was collected
into the vaccutainers each containing 81 pL of 15% EDTA
(anticoagulant) solution, while 8 mL was collected in test
tube to harvest the serum for further analysis. Plasma
samples were separated and frozen at -20°C within 60 min.
of collection. Blood samples were analyzed for plasma
glucose, blood urea nitrogen (BUN; Bull et al., 1991) and
creatinine according to method described by Davies et al.
(2007).
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Statistical analysis: The data thus collected were analyzed
using the GLM procedure of SAS (1998) using 4x2 factorial
arrangement in a completely randomized design. The Model
statement was:

Y =p + PS; + PR; +(PS x PR) j; + eij«

Where Y = any of dependent variable tested in the
study; 1 = overall mean, PS; = protein sources: either CM,
CGF, CSM or SFM; PR = level of probiotic either 0 or 50
g /ton; (PS x PR) j; = interaction between protein source and
probiotic level; and ejy = residual error.

The means were compared using the Least Significant
Difference option of General Linear Model procedure and
declared significant at P < 0.05.

RESULTS

Nutrient intake and digestibility: Dry matter, CP, NDF
and ADF intake was different (P<0.05) in lambs fed diets
containing different protein source (Table II). Higher DM
and CP intake was observed in CM diet and NDF and ADF
intake was higher (P<0.05) in lambs fed SFM diet. Dry
matter, CP and NDF digestibility was higher in lambs fed
CM diet, and ADF digestibility was higher in CSM diet
(Table III). Addition of probiotics did not influence (P>0.05)
DM, CP, NDF and ADF intake. but improved (P<0.05)
NDF and ADF digestibility. No interaction was observed
between protein source and probiotics level on DM, CP,
NDF and ADF intake or their digestibility (Table II & III).
Blood metabolites: Blood urea nitrogen and creatinine
(Table IV) were not affected (P>0.05) by protein source or
probiotics level Blood glucose concentration differed
(P<0.05) across all protein source diets (Table IV). Higher
blood glucose concentration was observed in lambs fed CM
diet, but was not affected due to probiotics supplementation
The interaction between protein source and probiotics was
non-significant (P>0.05) for BUN and creatinine, however,
blood glucose concentration behaved differently(P<0.05).
Nitrogen balance: Nitrogen intake in lambs was different
(P<0.05) due to protein sources (Table V). Higher N-intake
was noticed in lambs fed CM diet followed by CGM, SFM
and CSM. Probiotics supplementation did not influence N-
intake in lambs. Protein source and probiotics level
interaction was non-significant (P>0.05) for N-intake. Fecal
and urinary N remained unaffected (P>0.05) in lambs due to
all the dietary treatments (Table V). Nitrogen balance was
different (P<0.05) due to different protein sources. Highest
N was retained by lambs fed CM diet, and lowest in lambs
fed SFM diet. Probiotics supplementation had no influence
on N-balance.

Growth performance: Total weight gain by lambs was
different (P<0.05) due to different protein sources. Total
weight gain was highest in lambs fed CM diet and lowest in
lambs fed SFM diet. Similarly, probiotic supplementation
improved (P<0.05) total weight gain. The FCR was not
affected (P>0.05) by any of the dietary treatments (Table VI).
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Table I: Ingredient composition of experimental diets

Ingredients Diets"
CGM CM CsSM SFM

Po Py Po Py Po Py Py Py
Maize 30 30 30 30 30 30 30 30
Rice polishing 2 2 8 8 4 4 4.1 4.1
Wheat Bran 11.1 11.1 12 12 14 14 9 9
Wheat Straw 13 13 13 13 13 13 12 12
Sunflower meal 0 0 0 0 0 0 34 34
Canola meal 0 0 28 28 0 0 0 0
Cotton seed meal 0 0 0 0 29 29 0 0
Maize Oil 0 0 0 0 1 1 3 3
Corn gluten meal (30%) 34 34 0 0 0 0 0 0
Molasses 4 4 4 4 4 4 2 2
Urea 0.9 0.9 0 0 0 0 0.9 0.9
Sodium bi-carbonate 2 2 2 2 2 2 2 2
Common salt 1 1 1 1 1 1 1 1
Di-calcium phosphate 2 2 2 2 2 2 2 2
Protexin” 0 0.005 0 0.005 0 0.005 0 0.005
Chemical composition (%)
Crude protein 17.98 17.98 17.94 17.94 18.01 18.01 17.95 17.95
Dry matter 90.1 90.1 90.34 90.34 90.67 90.67 91.04 91.04
Total digestible nutrients 71.85 71.85 71.31 71.31 71.88 71.88 69.94 69.94
Neutral detergent fiber 15.37 15.37 23.15 23.15 25.65 25.65 38.11 38.11
Acid detergent fiber 10.98 10.98 14.06 14.06 9.37 9.37 18.4 18.4
Calcium 0.57 0.57 0.74 0.74 0.59 0.59 0.65 0.65
Phosphorus 0.83 0.83 1.06 1.06 1.07 1.07 0.97 0.97
Potassium 0.69 0.69 1.07 1.07 1.18 1.18 0.94 0.94
Chloride 0.79 0.79 0.80 0.80 0.79 0.79 0.77 0.77
Sulfur 0.25 0.25 0.46 0.46 0.22 0.22 0.19 0.19

'CGM, CM, CSM and SFM stand for corn gluten meal, canola meal, cotton seed meal and sunflower meal, respectively. P_0 probiotics and P;-50 g/ton

probiotics

Table 11: Effect of different protein sources with or without probiotics on nutrient intake in growing Kajli male

lambs

Nutrients Diets" SE Significance
CGM CM CSM SFM A B AB

Po Py Po P Po Py Po Py

Nutrients Intake, g/d

Dry matter 1226 1256 1271 1283 1246 1278 1207 1213 13.5 * NS NS

Crude protein 2210 2260 2288 230.9 206.0 212.0 217.0 218.0 24 * NS NS

Neutral detergent fibre 1880 193.0 2942 297.0 294.0 302.0 460.0 462.0 3.0 * NS NS

Acid detergent fibre 1350 138.0  178.7 180.4 107.0 110.0 222.0 223.0 1.8 * NS NS

'CGM, CM, CSM and SFM stand for corn gluten meal, canola meal, cotton seed meal and sunflower meal, respectively. Po-0 probiotics and P,-50g/ton
probiotics. SE = standard error. Factor A= Protein source, Factor B= Probiotic level and AB= Interaction of protein source with probiotic level. NS= Non

Significant and *= Significant (P<0.05)

Table I11: Effect of different protein sources with or without probiotics on nutrients digestibilities in growing Kajli

male lambs

Nutrients Diets" SE Significance
CGM CM CSM SFM A B AB

Po Py Py Py Po Py Po Py

Nutrient digestibility, %

Dry matter 66.0 68.5 69.5 70.5 65.3 66.5 60.7 61.9 24 NS NS NS

Crude protein 68.6 69.3 69.8 69.9 69.5 69.8 67.9 68.3 13 NS NS NS

Neutral detergent fibre 50.4 56.2 524 56.7 51.1 54.9 473 51.5 1.9 NS * NS

Acid detergent fibre 429 4382 43.8 47.6 45.5 48.0 424 47.5 22 NS * NS

'CGM, CM, CSM and SFM stand for corn gluten meal, canola meal, cotton seed meal and sunflower meal, respectively. Py_0 probiotics and P,-50g/ton
probiotics. SE = standard error. Factor A= Protein source, Factor B= Probiotic level and AB= Interaction of protein source with probiotic level. NS= Non

*—

Significant and

DISCUSSION

Higher dry matter intake (DMI) in lambs fed CM diet
is supported by the findings of (Wiese et al., 2003), who

334

Significant (P<0.05)

reported higher DMI in lambs fed CM diet than those fed
lupin and urea diet. This may be the result of better
availability of nutrients and their readily digestion by rumen
microbes. Another plausible reason for higher DMI in lambs
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Table 1V: Effect of different protein sources with or without probiotics on blood metabolites in growing Kajli male

lambs
Items (mg/dL) Diets* SE Significance
CGM CM CSM SFM A B AB
Py Py Po Py Py Py Po Py
Blood urea nitrogen 19.6 19.8 19.3 18.5 19.1 19.5 17.8 18.5 1.8 NS NS NS
Blood Glucose 60.1 60.8 60.0 63.3 49.7 542 58.0 58.8 1.6 * NS *
Creatinine 0.75 0.78 0.68 0.70 0.72 0.77 0.83 0.78 0.74 NS NS NS

'CGM, CM, CSM and SFM stand for corn gluten meal, canola meal, cotton seed meal and sunflower meal, respectively. Py-0 probiotics and P,-50g/ton
probiotics. SE = standard error. Factor A= Protein source, Factor B= Probiotic level and AB= Interaction of protein source with probiotic level. NS= Non

Significant and *= Significant (P<0.05)

Table V: Effect of different protein sources with or without probiotics on nitrogen balance in growing Kajli male

lambs

Items (g/day) Diets" SE Significance
CGM CM CSM SFM A B AB

Po Py Po Py Po Py Po P,

N intake 354 36.2 36.6 37.0 33.0 339 34.7 349 04 * NS NS

Faecal N 11.08 11.10 10.18 10.25 10.08 10.26 10.80 10.73 0.48 NS NS NS

Urinary N 0.255 0.247 0.253 0.246 0.254 0.245 0.256 0.248 0.02 NS NS NS

N Balance 24.0 24.8 26.2 26.5 22.6 234 23.7 23.9 0.6 * NS NS

'CGM, CM, CSM and SFM stand for corn gluten meal, canola meal, cotton seed meal and sunflower meal, respectively. P,-0 probiotics and P,-50g/ton
probiotics. SE = standard error. Factor A= Protein source, Factor B= Probiotic level and AB= Interaction of protein source with probiotic level. NS= Non

Significant and *= Significant (P<0.05)

Table VI: Effect of different protein sources with or without probiotics on growth performance in growing Kajli

lambs

Items Diets* SE Significance
CGM CM CSM SFM A B AB

Py Py Po Py Py P, Py Py

Initial Wt (kg) 28.2 243 24.0 23.1 249 27.6 259 242 0.9 * * NS

Final Wt (kg) 45.1 41.8 41.9 42.0 41.2 44.6 41.4 40.4 0.9 * * NS

Daily gain (g) 187.8 194.4 198.6 209.9 181.1 188.9 171.7 180.0 12.0 * NS NS

Weight gain (kg) 16.9 17.5 17.9 18.9 16.3 17.0 15.5 16.2 0.7 * * NS

Feed conversion ratio 6.53 6.46 6.4 6.11 6.88 6.77 7.03 6.74 0.65 NS NS NS

'CGM, CM, CSM and SFM stand for corn gluten meal, canola meal, cotton seed meal and sunflower meal, respectively. P,-0 probiotics and P,-50g/ton
probiotics. SE = standard error. Factor A= Protein source, Factor B= Probiotic level and AB= Interaction of protein source with probiotic level. NS=Non

Significant and *= Significant (P<0.05)

fed CM diet is better digestibility (Baile & Forbes, 1972;
Shahzad et al., 2009b), which might increase digestion and
passage rates (Mertens, 1977). Lower DMI in lambs fed
SFM diet might be due to high dietary NDF and ADF
content that may limit DMI (Klopfenstein, 1991), while
higher NDF and ADF intake by lambs fed SFM is due to
higher dietary NDF and ADF contents (Carneiro et al.,
2006). The results of the present study are supported by
other researchers (Chakeredza et al., 2003; Ponnampalam et
al., 2005), who reported different DMI in lambs fed
different protein sources.

The DMI was not influenced by probiotic
supplementation. This may be either due to the nutrient rich
diets that were supplying sufficient nutrient to microbes
(Begum et al., 2010; Javaid et al., 2011) or the inability of
supplemented probiotics to alter the morphology of
intestinal mucosa (Buts et al., 1986), which is strongly diet
dependent (Auclair, 2000). The results of the present study
are in agreement with the findings of other researchers
(Antunovic, 2005, 2006; Chaucheyras-Durand et al., 2008;
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Whitley et al., 2009) who reported no change in DMI by
animals fed diets containing probiotics. They further stated
that absence of change in DMI may be due to less adhesion
of microbial cells of probiotics that is required for desirable
changes in ruminal fermentation.

The absence of change in DM digestibility in lambs fed
different protein sources is supported by the findings of other
researchers (Stern et al., 1983; Khan et al., 1997; Phillips &
Rao, 2001). Higher DM digestibility by lambs fed CM diet
might be the result of more availability of S at ruminal level
to synthesize S-containing amino acids and vitamins (Khan
et al., 1997) that may increased the microbial growth
(Sniffen & Robinson, 1987) leading to more production of
microbial enzymes per unit time and thus improved DM
digestibility (Edward et al., 2008). Lower DM digestibility in
SFM diets may be due to more dietary NDF (Staples et al.,
1984). Higher NDF and ADF digestibility in probiotics
supplemented diets may be attributed to increased rumen pH,
which ultimately improved the colonies of fibrolytic bacteria
(Chaucheyras-Durand et al., 2008). Furthermore, probiotics
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supplementation has a positive effect on various digestive
processes especially cellulolysis and synthesis of microbial
proteins (Yoon & Stern, 1995). The results of the present
study are corroborated by other researchers (Krehbiel et al.,
2003; El-Waziry & Ibrahim, 2007), who reported higher
fiber digestibility of feed supplemented with probiotics.

Among the blood metabolites, unaltered BUN in
lambs fed different protein source diets was supported by
Carro et al. (2006) and Davies et al. (2007). Unaltered BUN
concentration observed in lambs fed diets containing
probiotics was also supported by Antunovic et al. (2005)
and Masek et al. (2008), who reported no change in BUN
concentration in lambs fed diets containing probiotic.

The higher concentration of blood glucose in lambs
fed CM diet might be due to more gluconeogenesis and
raised levels of hepatic enzymes responsible for glucose
synthesis (Kaneko et al., 1997). The lower blood glucose
concentration in lambs fed SFM diet may be attributed to
high rumen degradability resulting in lesser availability of
glucogenic amino acids (Sano et al., 2007). Unaltered blood
glucose levels in response to probiotic supplementation are
supported by Antunovic et al. (2005) who reported no
marked glucose concentration in lambs fed diets
supplemented with or without probiotics. Likewise, no
change in serum creatinine due to different protein source is
supported by Street (2001) who observed no effect of
dietary protein source on creatinine. Unaltered serum
creatinine in lambs fed diets with probiotics is in agreement
with the results of Antunovic et al. (2006).

Higher N intake by lambs fed CM diet might be due to
higher DM and CP intake. Higher N balance by lambs fed
CM diet might have resulted from higher N intake and its
digestibility. Furthermore, higher N-balance may be an
outcome of more available N at ruminal level enhancing
microbial fermentation (Legleiter et al., 2005). Better amino
acid profile of CM might have resulted in better utilization
of amino acids for anabolic activity (Brown & Johnson,
1991). The results of the present study are contrary to the
results of other researchers (Merchen et al., 1987; Milis et
al., 2005) who reported that dietary protein source had no
effect on N-balance. Lower N-balance in lambs fed SFM
diet may possibly because of reduced DM and CP
digestibility (Woods et al., 1962).

The increased tendency in N-balance in lambs fed
probiotic-supplemented diets is due to higher N digestibility
and better utilization of dietary N, resulting in improved
ruminal bacterial growth (Yoon & Stern, 1996) and
increased postruminal flow of N (Putnam et al., 1997).
Unaltered nitrogen concentration of nitrogen in urine and
faeces of lambs fed on diets containing probiotics are in
concordance with findings of other researchers (Ahmed &
Salah, 2002; Hernandez et al., 2009).

Better weight gain in lambs fed CM diet is due to
higher nutrient intake and their digestibility and N-
balance, improved microbial activities, substrate
availability and microbial protein synthesis (Khan et al.,
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1997; Atti et al., 2004). Another possible reason may be
that, the CM diet contain higher sulfur contents (0.46 vs.
0.25, 0.22 & 0.19%) that may improved the microbial
growth (Sniffen & Robinson, 1987), leading to more
digestibility of nutrients and VFAs production that
ultimately provided energy for muscle mass accretion.
Furthermore, sulfur is also required by the ruminal
microbes for the synthesis of sulfur containing amino
acids and vitamins (NRC, 1984) that are for the most part
involved in protein synthesis and thereby reflecting better
growth performance (Brown & Johnson, 1991). Lower
average weight gain noticed in lambs given SFM diet
might be due to the higher NDF contents of SFM (Staples
et al., 1984). Difference in weight gains could have been
an outcome of varied rumen degradation of proteins,
which in turn leads to different amino acid supplies
(Urbaniak, 1995). Better FCR by lambs fed CM diet may
be a function of better nutrient utilization efficiency in
comparison with other groups. The results of present
study are also supported by the findings of Waller et al.
(1980) and Klopfenstein et al. (1978). Khan et al. (1997)
also reported improved FCR in lambs fed CM and SBM
diets as compared to those fed CSM diet.

Higher weight gains in lambs fed diets containing
probiotics might possibly have resulted from higher
consumption of DM, better nutrient digestibility and N-
balance. Furthermore, probiotics supplementation may
enhance the digestion and feed efficiency, thus leading to a
greater weight gain in small ruminants (Robinson, 2002).
However, the results of the present study are not supported
by the findings of other researchers (Titi et al., 2008; Jang et
al., 2009). Better FCR in response to probiotics
supplementation may be the consequence of improved
cellulolysis and digestibility of nutrients (Yoon & Stern,
1995).

The findings of the present study imply that
experimental lambs fed on diet containing CM as vegetable
protein source performed better than those fed on diets
containing CGM, CSM and SFM as vegetable protein
sources. Furthermore, probiotic supplementation also
significantly influenced the growth performance of growing
experimental lambs.

REFERENCES

Abd El-Ghani, A.A., 2004. Influence of diet supplementation with yeast
(Saccharomyces cerevisiae) on performance of Zaraibi goats. Small
Rumin. Res., 52: 223-229

Ahmed, B.M. and M.S. Salah, 2002. Effect of yeast culture as an
additive to sheep feed on performance, digestibility, nitrogen
balance and rumen fermentation. J. King Saud Univ. Riyadh, 14:
1-13

Aldomy, F., N.O. Hussein, L. Sawalha, K. Khatatbeh and A. Aldomy, 2009.
A national survey of perinatal mortality in sheep and goats in Jordan.
Pakistan Vet. J., 29: 102-106

Antunovic, Z., M. Speranda, B. Liker, V. Seric, D. Sencic. M. Domacinovic
and T. Sperandat, 2005. Influence of feeding the probiotic Pioneer
PDFM® to growing lambs on performances and blood composition.
Acta Vet., 55: 287-300



PERFORMANCE OF LAMBS FED ON DIFFERENT PROTEIN SOURCES / Int. J. Agric. Biol., Vol. 13, No. 3, 2011

Antunovic, Z., M. Speranda, D. Amidzic, V. Seric, Z. Steiner, N. Doma
Cinovic and F. Boli, 2006. Probiotic application in lambs nutrition.
Krmiva, 48: 175-180

AOAC, 1990. Association of Official Analytical Chemists International, 15
edition. Official Methods of Analysis, Arlington, Virginia

Atti, N., H. Rouissi and M. Mahouachi, 2004. The effect of dietary crude
protein level on growth, carcass, and meat composition of male goat
kids in Tunisia. Small Rumin. Res., 54: 89-97

Auclair, 2000. Yeast an Example of the Mode of Action of Probiotic in
Monogastric and Ruminants Species, pp: 45-53. Lesaffre,
Development, 147 Rue. G Pen BP 6027. 59706 Mareq En Baroeul
cedex, Farance

Baile, C.A. and J.M. Forbes, 1974. Control of feed intake and regulation of
energy balance in ruminants. Physiol. Rev., 54: 160—169

Begum, 1., A. Azim, S. Akhter, M.I. Anjum and M. Afzal, 2010. Mineral
dynamics of blood and milk in dairy buffaloes fed on calcium and
phosphorus supplementation. Pakistan Vet. J., 30: 105-109

Bhutto, M.A., M.A. Khan and G. Ahmed, 1993. Livestock Breeds of
Pakistan. In: Ministry of Food, Agriculture and Co-operatives
(Livestock division), Govt. of Pakistan

Brown, W.F. and D.D. Johnson, 1991. Effects of energy and protein
supplementation of ammoniated tropical grass hay on the growth and
carcass characteristics of cull cows. J. Anim. Sci., 69: 348-357

Bull, R.C., D.O. Everson, D.P. Olson, K.W. Kelly, S. Curtis and G. Tzou,
1991. Concentration of serum constitutents in cpld-stressed calves

from heifers and inadequate protein and (or) energy. J. Anim. Sci., 69:

853-863

Buts, J.P., P. Bernasconi, M.P. Van Craynest, P. Maldague and R. De
Meyer, 1986. Response of human and rats small intestinal mucosa to
oral administration of Saccharomyces boulardii. Pediatr. Res., 20:
192-196

Carneiro, A., A. Esquivel, D.E. Hogue and M.L. Thonney, 2006. Effect of
fermentable fiber and protein source on feed intake and efficiency of
growing lamb. Proc. Cornell Nutr. Conf. Ithaca, NY: Proc. Cornell
Nutr. Conf., 68: 135-139

Carro M.D., MLJ. Ranilla, F.J. Giraldez and A.R. Mantecon, 2006. Effects
of malate on diet digestibility, microbial protein synthesis, plasma
metaboloites and performance of growing lambs fed a high
concentrate diet. J. Anim. Sci., 84: 405410

Chakeredza, S., 2003. Growth performance of weaner lambs offered maize
stover supplemented with varying levels of maize and cotton seed
meals. Livest. Prod. Sci., 73: 35-44

Chaucheyras-Durand, F., N.D. Walker and A. Bach, 2008. Effect of active

dry yeast on the rumen microbial ecosystem: past, Presetn and Future.

Anim. Feed Sci. Tech., 145: 5-26

Davies, H.L., T.F. Robinson, B.L. Roeder, M.E. Sharp, N.P. Johnston, A.C.
Christensen and G.B. Schaalje, 2007. Digestibility, nitrogen balance
and blood metabolites in Llama (Lama glama) and alpaca (lama
pacos) fed barley or barley alfalfa diets. Small Rumin. Res., 73: 1-7

Ding, J., ZM. Zhou, L.P. Ren and Q.X. Meng, 2008. Effect of Monensin
and live yeast supplementation on growth performance, nutrient
digestibility, carcass characteristics and ruminal fermentation
parameters in lambs fed steam-flaked corn-based diets. Asian-
Australian J. Anim. Sci., 21: 547-554

El-Waziry, AM. and H.R. Ibrahim, 2007. Effect of saccharomyces
cerevisiae of yeast on fiber digestion sheep fed berseem (trifolium
alexandrinum) hay and cellulose activity. Australian J. Basic Appl.
Sci., 1: 379-385

Hemandez, R., S.S. Gonzalez, J.M. Pinos-Rodrigues, M.E. Ortega, A.
Hernandez, G. Bueno and M. Cobos, 2009. Effect of yeast culture on
nitrogen balance and digestion in lambs fed early and mature orchard
grass. J. Appl. Anim. Res., 32: 53-56

Irshaid, R.H., M.Y. Harp and H.H. Titi, 2003. Replacing soybean meal with
sunflower seed meal in the ration of Awassi ewes and lambs. Small
Rumin. Res., 50: 109-116

Jang, D., Y. Oh, H. Kyong Piao, L. Guo Choi, H. Bong Yun, J. Hyeon Kim
and Y. Yong, 2009. Evaluation of probiotics as an alternative to
antibiotic on growth performance, nutrient digestibility, occurrence
of diarrhea and immune response in weaning pigs. J. Anim. Sci.
Technol., 51: 127-143

337

Javaid, A., M.A. Shahzad, M. Nisa and M. Sarwar, 2011. Ruminal
dynamics of ad libitum feeding in buffalo bulls receiving different
level of rumen degradable protein. Live. Sci., 135: 98-102

Kaneko, J.J., 1997. Clinical Biochemistry of Domestic Animals, 5" edition,
p: 923. Academic Press. San Diego, California, USA

Khan, A.G., A. Azim, M.A. Nadeem and M.A. Khan, 1997. Effect of
growing fattening diets on the growth performance of intensified
Afghani lambs. Small Rumin. Res., 25: 3942

Klopfenstein, T.J., R.A. Britton and R.A. Stock, 1991. Feed technology and
other methods for increasing the bypass protein for ruminants fed
low quality forages. In: Isotopes and related techniques in animal
production and health. Proc. Symp. IAEA, 5: 8-23

Krehbiel, C.R., S.R. Rust, G. Zhang and S.E. Gilliland, 2003. Bacterial
direct-fed microbials in ruminant diets: Performance response and
mode of action. J. Anim Sci., 81: 120-132

Legleiter, L.R., AM. Mueller and M.S. Kerley, 2005. Level of
supplemental protein does not influence the ruminally undegradable
protein value. J. Anim. Sci., 83: 863870

Masek, T., Z. Mikulec, H. Valpoti¢, L.Kus¢e, N. Mikulec and N. Antunac,
2008. The infuence of live yeast cells (Saccharomyces cerevisiae) on
the performance of grazing dairy sheep in late lactation. Veterinarski
Arhi., 78: 95-104

Merchen, N.R., D.E. Darden, L.L. Berger, G.C. Fehay, E.C. Titgemeyer and
R.L. Fernando, 1987. Effects of dietry energy levels and
supplemental protein source on performance of growing steers and
nutrient digestibility and nitrogen balance in lambs. J. Anim. Sci., 65:
658-663

Mertens, D.R., 1977. Dietary fiber components: Relationship to the rate and
extent of ruminal digestion. Fed. Proc., 36: 87-97

Milis, Ch., D. Limadis, A. Karalazos and D. Dotas, 2005. Effects of main
protein, non-forage fiber and forage source on digestibility, N
balance and energy value of sheep rations. Small Rumin. Res., 59:
65-73

Nisa, M., M. Sarwar and M.A. Khan, 2004. Influence of ad libitum feeding
of urea treated wheat straw with or without comn steep liquor on
intake, in situ digestion kinetics, nitrogen metabolism and nutrient
digestion in Nili-Ravi buffalo bulls. Australian J. Agric. Res., 55:
235-239

NRC, 1984. Nutrient Requirements of Beef Cattle, 6™ edition. National
Academy Press, Washington DC

NRC, 1985. Nutrient requirements of Sheep, 6" edition. National Academy
Press Washington, D.C

Phillips, W.A. and S.C. Rao, 2001. Digestibility and nitrogen balance of
diets containing cottonseed meal, alfalfa, or pigeon pea as the protein
source. Livest. Res. Rural Dev., 13: 129-137

Ponnampalam, E.N., AR. Egan, A.J. Sinclair and B.J. Leury. 2005. Feed
intake, growth, plasma glucose and urea nitrogen concentration, and
carcass traits of lambs fed isoenergetic amounts of canola meal,
soybean meal, and fish meal with forage based diet. Small Rumin.
Res., 58: 245-252

Putnam, D.E., C.G. Schwab, M.T. Socha, N.L. Whitechouse, N.A. Kierstead
and B.D. Garthwaite, 1997. Effect of yeast culture in the diets of
early lactation dairy cows on ruminal fermentation and passage of
nitrogen fractions and amino acids to the small intestine. J. Dairy Sci.,
80: 374-384

Robinson, P.H., 2002. Yeast products for growing and lactating dairy cattle:
Impact on rumen fermentation and performance. Dairy Rev., 9:
14

Sano, H., H. Sawada, A. Takenami, S. Oda and M. Al-Mamun, 2007.
Effect of dietary energy intake and cold exposure on kinetics of
plasma glucose metabolism in sheep J. Anim. Physiol. Anim. Nutri.,
91:1-5

Sarwar, M., M.A. Khan and Z. Igbal, 2002. Feed resources for livestock in
Pakistan. Int. J. Agric. Biol., 4: 186-192

Sarwar, M., M.A. Shahzad and M. Nisa, 2010a.Small Ruminant Production
in Pakistan. Egyptian J. Sheep Goat Sci., 5: 17-26

Sarwar, M., N. Mukhtar, M.A. Shahzad and M. Nisa, 2010b. Traditional
versus high input feeding system: Impact on nutrients intake blood
dynamics, hormonal profile, weight gain and economics in growing
lambs. Egyptian J. Sheep Goat Sci., 5: 127-145



KHALID et al. / Int. J. Agric. Biol., Vol. 13, No. 3, 2011

Shahzad, M.A., M. Sarwar, M. Nisa, A. Igbal and M. Riaz, 2009a.Feed
consumption and weight gain of growing buffalo calves as
influenced by feeding fermentable energy source in corncobs based
diet. Pakistan J. Zool., 9: 707-710

Shahzad, M.A., M. Sarwar, M. Aqile, M. Nisa, K. Mahmood and M.S.
Khan, 2009b. Impact of stage of maize fodder harvest on chemical
composition, nutrient digestibilities and nitrogen balance in buffalo
bulls. Pakistan J. Zool., 9: 717-720

Shahzad, M.A., M. Sarwar, M. Nisa and M. Sharif, 2010.Corn steep liquor:
A potential substitute of urea for growing lambs. Egyptian J Sheep
Goat Sci., 5: 177-190

SAS, 1998. Statistical Analysis System SAS/STAT Users Guide. Statistical
Analysis Institute, Inc. Carry, North Carolina

Sniffen, CJ. and P.H. Robinson, 1987. Symposium: Protein and fiber
digestion, passage and utilization in lactating cows. J. Dairy Sci., 70:
425-441

Staples, C.R., C.L. Davis, G.C. McCoy and J.H. Clark, 1984. Feeding value
of wet corn gluten feed for lactating cows. J. Diary Sci., 67: 1214—
1220

Stern, M.D., M.L. Rode, R.W. Prange, R.H. Staufacher and L.D. Satter,
1983. Ruminal protein degradation of corn gluten meal in lactating
dairy cattle fitted with duodenal t-type cannulae. J. Anim. Sci., 56:
194205

Street, C., 2001. High protein intake-is it safe. In: Antonio, J. and J.R. Stout
(eds.), Sport Supplements, pp: 311-312. Philadaiphia Lipincot
William and Wilkims

Titi, H.H., R.O. Dmour and A.Y. Abdullah, 2008. Growth performance and
carcass characteristics of Awassi lambs and Shami goat kid culture in
their finishing diet. J. Anim. Sci., 142: 159-167

338

Urbaniak, M., 1995. Effects of blood meal, fish meal, soybean meal or
casein on growth and body composition in lambs. Small Rumin. Res.,
18:213-217

Van Soest, P.J., J.B. Robertson and B.A. Lewis, 1991. Methods for dietary
fiber, neutral detergent fiber and non-starch polysaccharides in
relation to animal nutrition. J. Dairy Sci., 74: 3583-3597

Waller, J., T. Klopfenstein and M. Poos, 1980. Distillers feeds as protein
sources for growing ruminants. J. Anim. Sci., 51: 1134-1167

Whitley, N.C., D. Cazac, B.J. Rude, D. Jackson-O’Brien and S. Parveen,
2009. Use of commercial Probiotics supplement in meat goat. J.
Anim. Sci., 87: 723-728

Wiese, S.C., C.L. White, D.G. Masters, J.T.B. Milton and R.H. Davidson,
2003. Growth and carcass characteristics of prime lambs fed diets
containing urea, lupins or canola meal as a crude protein source.
Australian J. Exp. Agric., 43: 1193-1197

Williams, P.E.V., C.A.G. Triat, G.M. Innes and C.J. Newbold, 1991. Effects
of the inclusion of yeast culture (Saccharomyces cerevisiae plus
growth medium) in the diets of cows on milk yield and forage
degradation and fermentation patterns in the rumen of sheep and
steers. J. Anim. Sci., 69: 3016-3026

Woods, W.R., H. Richardson, K. Kruse, W.D. Gallup and A.D. Tillman,
1962. Further studies on the nutritive value of cotton seed meal for
ruminants. J. Anim. Sci., 21: 284-289

Yoon, LK. and M.D. Stern, 1995. Influence of direct fed microbials on
ruminant microbial fermentation and performance of ruminants: A
review. Asian-Australasian J. Anim. Sci., 8: 533-555

(Received 08 January 2011: Accepted 13 January 2011)



