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Abstract 
Three independent studies using male Kajli lambs at post-weaning, growing and finishing 
stages were designed and undertaken to examine the effect of different protein sources with 
or without probiotics on growth performance and carcass characteristics. In the trial I, 32 
male Kajli lambs at three months age were randomly divided into eight groups of four 
animals each in a 4×2 factorial arrangement. Four iso-caloric (70% TDN) and iso-
nitrogenous (22% CP) diets were formulated with four different protein sources i.e. corn 
gluten meal 30% (CGM), canola meal (CM), cotton seed meal (CSM) and sunflower meal 
(SFM) containing either 0 or 50g of probiotics (Protexin®)/ ton of feed. In trial II and III, 
lambs were again randomized and given the same treatment as in trial I. However, crude 
protein (CP) content of diets was reduced from 22 to 18% in trial II and 18 to14% in trial III. 
In trial I, higher (P<0.05) dry matter (DM) and CP intake, DM, CP, neutral detergent fibre 
(NDF) and acid detergent fibre (ADF) digestibility, blood glucose, N-balance and total 
weight gain were observed in lambs fed CM diet than those fed CGM, CSM and SFM diets. 
However, blood urea nitrogen (BUN), creatinine and serum minerals remained unaltered 
(P>0.05) in lambs fed diets containing different protein sources. Neutral detergent fibre and 
ADF digestibility and blood glucose was higher (P<0.05) in lambs fed diets containing 
probiotics. Dry matter and CP intake and their digestibility, BUN, creatinine, serum minerals, 
N-balance and total weight gain remained unaltered (P>0.05). In trial II, higher (P<0.05) DM 
and CP intake, blood glucose, N-balance and total weight gain were noticed in lambs fed CM 
diet than those fed CGM, CSM and SFM diets. However, diets containing different protein 
source didn’t affect (P>0.05) the DM, CP, NDF and ADF digestibility, BUN, creatinine and 
serum minerals. Neutral detergent fibre and ADF digestibility and total weight gain was 
higher (P<0.05) in lambs fed diets containing probiotics. However, diets containing 
probiotics didn’t influence (P>0.05) DM and CP intake, DM and CP digestibility, BUN, 
blood glucose, creatinine, serum minerals and N-balance. In trial III, higher (P<0.05) DM 
and CP intake, N-balance and total weight gain were observed in lambs fed CM diet than 
those fed CGM, CSM and SFM diets. However, DM, CP, NDF and ADF digestibility, BUN, 
blood glucose, creatinine and serum minerals remained unaltered (P>0.05) in lambs fed diets 
containing different protein source. Acid detergent fibre digestibility and total weight gain 
was higher (P<0.05) in lambs fed diets containing probiotics however, DM and CP intake, 
DM, CP and NDF digestibility, BUN, blood glucose, creatinine, serum minerals and N-
balance remained unaffected (P>0.05). Hot carcass weights of lambs differed significantly 
(P<0.05) in lambs fed diets containing different protein sources with or without probiotics. 
However, dressing percentage (DP) and skin, feet, heart, liver and lungs weight remained 
unaltered (P>0.05) across all the treatments. The higher DP was observed in lambs fed CM 
diets, whereas it was lower in lambs fed SFM diet. Leg, loin, shoulder, breast and neck 
weights of the half carcass of the lambs remained unaffected (P>0.05) across all the 
treatments. Crude protein content of carcass was different (P<0.05) in lambs fed diets 
containing different protein source with or without probiotics, while moisture, ether extract 
and ash contents remained unaltered (P>0.05) across all treatments. The ratio of lean, fat and 
bone in primal cuts of half carcass (neck, shoulder, breast, loin and leg) remained unchanged 
(P>0.05) across all the treatments, except for the proportion of lean in shoulder, bone in loin 
and fat in legs, which was affected (P<0.05) by the diets containing different protein sources. 
In short, the lambs fed CM diets performed better than those fed CGM, CSM and SFM diets 
in all the three trials. Diets containing probiotics improved weight gain in trial II and III but 
not in trial I. 
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          CHAPTER-I 
 
Introduction 

 

 

Kajli is one of the most beautiful breeds of sheep in Punjab. That is why, at the same 

weight, Kajli lambs fetch higher prices than other sheep breeds. Because of their beauty, they 

are usually reared for sacrificial purposes rather than for general meat purposes. Well fed 

Kajli lambs, kept for sacrificial purposes, can achieve as high as 80 kg body weight at the age 

of one year. However, nothing is known about their feeding as they can be fed anything from 

whole gram to DAAL or gram flour without keeping any account. There is a need to appraise 

the meat production potential of Kajli lambs to see their cost effectiveness for meat 

production in the country. 

Small ruminants (sheep and goats) in developing countries are generally kept for 

mutton production and are raised on pasture, range land and seasonal fodders. The 

productivity of small ruminants raised on these feeds is low due to their low protein and 

digestibility. Steven and Umberger (1996) demonstrated enhanced productivity in sheep 

through improved nutrition. 

 Energy and protein are the two major nutrients responsible for animal growth. 

Protein, an expensive feed component, is very important for the muscle growth of animals. 

Protein deficiency in livestock is a major issue in developing countries (Oyenuga and Fetuga, 

1975). Meals seem to be a cost effective protein source for growing lambs. Some protein 

source are better than others due to better growth rate when used in diets at equal levels 

(Merchen et al., 1987; Douff et al., 1988; Ludden et al., 1995). This is because of their 

diverse amino acid profile and varying rumen degradability. Cottonseed meal (CSM), 

sunflower meal (SFM), canola meal (CM) and corn gluten meal 30% (CGM) are commonly 

available protein sources for ruminant livestock.  

Vegetable protein sources are common by-products of vegetable oil seed production 

and processing. The solids remaining after oil seed extraction are rich source of protein and 

energy for livestock (Suliman and Babiker, 2007). Vegetable oil seeds because of their good 

biological value and relatively less fermentable sugars require a minimum processing and 

preservation. Meals provide both ruminally degradable proteins for microbial growth and un-
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degradable proteins for postruminal digestion (Broderick, 1995). At similar caloric levels, the 

extent to which the requirements for amino acids are met depends mainly on the amount and, 

source of protein and its degradability in the rumen (Goetsch and Owens, 1985).  The source 

of protein and its extent of ruminal degradation markedly influence the supply of amino acids 

to the animal body and also affect nutrient intake, their digestibility and performance of 

animals (Stern et al., 1983). 

Corn gluten meal, a high protein and energy ingredient obtained after corn wet 

milling process is a valuable source of methionine that complements other common protein 

sources (Anonymous, 2006). Sunflower meal is an excellent ingredient for ruminant 

livestock. It contains 30-40% crude protein (CP) and 13-14% crude fibre. Sunflower meal is 

equivalent to CSM as a protein supplement for feedlot lambs on an equivalent CP basis when 

the compensation for the lower CP percentage in SFM and proportion of other fibre sources 

in the diet are reduced (Richardson et al., 1981). Sunflower meal can be utilized in the ration 

of growing and fattening lambs (Erickson et al., 1980). Yagoub and Talha (2009) reported 

that SFM can be a good replacement for groundnut meal in growing lamb ration. Cotton seed 

meal, a by-product of cotton seed oil extraction contains about 41% protein but may vary 

depending upon the processing techniques (McDonald et al., 1988). Canola meal, a solid left 

over after canola oil extraction, contains 35% CP. Canola meal provides growth results 

comparable with fish meal (FM) when used as protein supplement in ration of growing lambs 

(Agbossamey, 1995). Canola meal can substitute FM as protein supplement in high roughage 

diets (Seoane et al., 1993). 

The utilization of the nutrients supplied by these protein sources can further be 

enhanced with the addition of probiotics. Probiotics or “non pathogenic microbes when 

administrated exert a positive influence on the host physiology” (Dunne et al., 1999). They 

are reported to improve the growth of young animals by maintaining and restoring the 

balance of desirable microbes.  Protexin®, a probiotic, is a combination of nine beneficial 

micro-organisms (Lactobacillus acidophilus; Lactobacillus bulgaricus; Lactobacillus 

plantarum; Lactobacillus rhamnosus; Bifidobacterium bifidum; Streptococcus thermophilus; 

Enterococcus faecium; Candidada pintolopesi and Aspergillus oryzae), which are found in 

the gastrointestinal tract of healthy animals. Probiotics are reported to improve feed intake, 

weight gain and feed conversion ratio (FCR) (Chiofalo et al., 2004; Jordan and Johnston 
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1990; Umberger and Notter, 1989) by stabilizing the ruminal pH, total volatile fatty acids 

(VFAs) and ruminal viable bacteria (NewBold et al., 1996). They have an affirmative 

influence on cellulolytic activity, synthesis of microbial protein and fibre degradation (Martin 

and Nisbet, 1990; Yoon and Stern, 1995).  

This study was planned to examine the influence of various protein sources with or 

without probiotics on the nutrient intake and their digestibility, growth and fattening 

performance, blood metabolites and carcass characteristics of Kajli male lambs. 
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         CHAPTER-II 

 

Review of Literature 
 

 

Performance of ruminants is influenced by the proportion of nutrients in their daily 

feed intake. Protein and energy are the main determinants in the ruminant feed that can alter 

the animal performance. Ruminant animals are about 62% deficient in their CP requirements 

(Sarwar et al., 2002). Feeding ruminants according to their CP needs not only ensures 

sufficient protein availability to grazing animals but also reduces the hazards associated with 

excess and deficiency of this nutrient. Protein sources differ in their chemistry as far as 

amino acid profile and availability of CP in rumen and post ruminal level (Gleghorn et al., 

2004; Bateman et al., 2005).  

 

Effect of dietary protein sources on lamb’s performance 

Protein is expensive but essential nutrient for animal growth (Dabiri and Thonney, 

2004). Different protein sources have varying effect on ruminant’s performance and their 

serum biochemistry (Jørgensen et al., 1984). This varied response in performance may be due 

to change in rumen ecology and their different amino acid profiles (Hall and Huntington, 

2008) that result in altered nutrient metabolism. Different protein sources in lamb diets like 

CM, CSM, CGM and SFM have varying nutrient profile especially amino acids and fatty 

acids. These protein sources provide the condensed nutrients that may be efficiently utilized 

at ruminal level (Solomon et al., 2008).  

Quality protein with high escape value and efficient amino acid profile in diets may 

result in better growth of lambs. Canola meal has better amino acid profile with high lysine 

contents which makes it valuable to attain the better growth rates in ruminants (Agbossamey, 

1995) and higher sulphur contents that helps the microbes to synthesize essential sulphur 

containing amino acids and vitamins (Seoane et al., 1993). Cotton seed meal contains 

gossypol (Luo et al., 2001) but its higher tolerance by ruminants allows its use in their 
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feeding (Gamboa et al., 2001). It also has a good amino acid profile (Anderson and Warnick, 

1966) but with low apparent digestibility (Janssen et al., 1979). Corn gluten meal is a 

valuable source of methionine (Anonymous, 2006) that complements other protein sources. 

Sunflower meal is extensively used in animal feeds (Villamide and San Juan, 1998) and 

contains 1.14% lysine and 0.68% methionine but higher fiber contents. It has low market 

price that helps in formulating the low cost balanced diets for growing ruminants (Erickson et 

al., 1980; Yagoub and Talha, 2009).  

The nutrient profile of these meals in balanced diets with different energy sources 

helps in synthesizing microbial protein which ultimately improves the digestibility of 

nutrients resulting in increased muscle mass accretion in growing ruminants (NRC, 1985). So 

the supply of these nutrients should be ensured to maximize the growth rate in young 

ruminants (Arthington and Kalmbacher, 2003). Microbial protein alone can’t satisfy the 

higher demands for protein in growing ruminants (Chalupa, 1975) and this deficit may be 

alleviated by the inclusion of a good quality protein source that may resist ruminal 

degradation (Stern et al., 1983).  

 

Effect of different protein sources on nutrient intake 

Dry matter intake (DMI) may be affected by dietary protein source as they affect the 

ability of rumen to hold ruminal contents (Bandyk et al., 2001). Higher intakes were 

observed in Dorper lambs fed maize stovers as basal diet supplemented with maize meal and 

CSM (Chakeredza, 2003). Whereas, wether lambs fed wheat forage as control diet 

supplemented with CSM, CGM and blood meal (BM) had no effect on forage intake but it 

resulted in increased digestible DMI (Phillips et al., 1995). Ponnampalam et al. (2005) 

observed that DMI was the highest in lambs fed FM, moderate fed soybean meal (SBM) and 

CM and was the lowest in lambs fed basal feed (lucern and oat hay with a ratio of 20:80), 

respectively. Concentrate supplementation resulted in increased total organic matter (OM), 

dry matter (DM) and CP intake (Castro et al., 2002). Higher intakes were observed in 

crossbred wether lambs fed diets supplemented with SFM than those fed rape seed meal 

(RSM) (Coombe, 1985). Protein intake was higher in finishing lambs fed diets containing 

varying protein sources than those fed a basal diet having protein in excess of NRC (1985) 

recommendations for fattening lambs. Total DMI was higher in lambs fed CM diet was 
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because of its rapid ingestion and no rumen filling effect (Plaisance et al., 1997). Another 

reason for increased DMI might be because of enhanced microbial bio-mass resulting in 

higher digestion rate and more post-ruminal flow of amino acids (Weisbjerg et al., 1992). 

However, Suliman and Babiker (2007) observed no difference in feed intake ranging from 

1.11 to 1.18 kg/day in fattening lambs fed different protein sources like ground nut cake, 

sesame cake, cotton seed cake and sunflower seed cake. Irshaid et al. (2003) also recorded 

slightly higher daily feed intake in Awassi lambs fed SFM (1.94 Kg) compared to those fed 

SBM (1.88 Kg) but overall difference was nonsignificant. Kandylis et al. (1999) also found 

no difference in feed intake by growing lambs fed CSM substituted for SFM at 0, 10 and 

100% of supplemental protein. Contrary to this, Driedger and Loerch (1999) reported 5% 

greater DM digestibility in steers fed SBM diet than those fed urea diets. Walz et al. (1998) 

noticed an increased DMI in Suffolk lambs fed FM diets when compared to those fed SBM 

diets.   

Krysl et al. (1987) reported that the intake of prairie hay was increased from 23.7 to 

28.3 g/Kg BW, when supplemented with CSM. However, CSM supplementation did not 

influence ruminal and caecal fermentation and its higher intake may be attributed to a 

positive relationship between DM and CP intake (Negesse et al., 2001). Rule et al. (1994) 

observed non-significant differences in DMI when CM and SBM diets were fed to steers. 

Erasmus and Botha (1994) reported that DMI was not affected by supplementation of diets 

with BM, CGM, BM plus CGM and SFM when added as protein source. Ward et al. (2008) 

reported unchanged DMI by Barki lambs fed diets containing SBM, CSM and CSM 

supplemented with ferrous sulphate although slightly lower DMI was observed in lambs fed 

SBM diets. Whereas, Yagoub and Talha (2009) found significant effect on feed intake by 

lambs fed diets in which groundnut meal was replaced with decorticated SFM. Similarly, 

Karsli et al. (2006) reported slightly higher DMI in sheep raised hazelnut meal diets 

compared with those fed SBM diet. Wiese et al. (2003) noticed improved DMI in lambs fed 

CM diets compared with lupin and urea diets (1660, 1570 and 1380 g/d, respectively). They 

further stated that higher DMI in lambs fed CM diet might be attributed to better availability 

of nutrients in diverse forms and their readily digestion by rumen microbes than those fed 

lupin and urea diets. Baile and Forbes (1974) also reported higher DMI due to better 
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digestibility. Another plausible explanation for higher DMI in lambs fed CM diet might be 

the less gut fill effect on reticulo-rumen (Plaisance et al., 1997). 

Dry matter intake is influenced by the ingredient composition of feed (Carneiro et al., 

2006). Walz et al. (1998) reported increased DMI by lambs fed FM diet supplemented with 

sodium bentonite compared with SBM protein. Thonney and Hogue (1986) also reported 

lower DMI/per unit gain in steers fed FM diet than those fed CSM diet. Hango et al. (2007) 

also found significant difference in average daily DMI (630g/goat/d) between the controlled 

and concentrate supplemented groups. In conclusion, different sources of protein have 

variable effect on DMI and this depends largely upon composition of the basal diet. 

 

Effect of different protein sources on nutrient digestibility 

Different protein sources have varying effects on nutrient digestibility in the animals. 

Khan et al. (1997) reported significant effects of CM, CSM and SBM on   DM, CP and fiber 

digestibility in growing Afghani lambs. However, in other study (Paterson et al., 1983), 

different protein sources had no effect on NDF digestibility. Sunflower meal contains more 

NDF, which would contribute to lower digestibility (Staples et al., 1983).  Likewise, 

decreased DM and OM digestibility noted in sheep when fed cotton seed cake (El Hag and El 

Hag, 1981), might be the result of gossypol contents (Abou-Donia, 1989) that caused 

depression in nutrient digestibility due to its adverse effect on the digestive enzymes (Chase 

et al., 1994). 

Milis et al. (2005) reported that SBM or CGM had no effect on nutrient digestibility. 

Irshaid et al. (2003) has also reported no effect of sunflower meal or soybean meal on 

digestibility of DM, OM, CP, CF, NDF or ADF in Awassi lambs. Phillips and Rao (2001) 

observed no difference in DM digestibility in lambs fed diets containing pigeon pea, CSM or 

alfalfa as protein source. Although lambs fed pigeon pea showed a lower protein digestibility 

(65.7%) compared to those fed alfalfa diet (72.7%). The CP intakes were 869, 894, 812 and 

944 g/d by lambs fed diets containing SBM, heated SBM, menhaden FM and combination of 

protein supplements, respectively. Bacterial CP flow remained unchanged in cows fed diets 

supplemented with CGM and extruded soybeans at 2.7% of body weight (Santos-Silva et al., 

2003; Stern et al., 1983). 
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Bowman and Paterson (1988) reported similar digestibility in lambs fed corn plus 

urea, corn plus SBM or 50% dry, wet or ensiled corn gluten feed in high concentrate diets. 

Khan et al. (1997) also observed no difference in DM and CP digestibility in Afghani lambs 

fed diets containing SBM and CM, however, differed significantly when fed CSM as the 

major protein source. Apparent digestion of OM in reticulorumen was lower in steers fed 

diets supplemented with heated SBM, menhaden FM and combination of protein supplement 

(Keery et al., 1993). 

Ward et al. (2008) reported that un-decorticated CSM supplemented with ferrous 

sulphate significantly improved the nutrient digestibility in growing Barki male lambs 

compared to those lambs fed un-decorticated CSM or SBM without the addition of ferrous 

sulphate. Hussein and Jordan (1991) reported 78, 52 and 57% degradability of CP from 

SBM, FM and corn, respectively. Protein efficiency ratios were unaffected across all the 

diets. Karsli et al. (2006) reported no difference in the NDF and ADF digestibilities due to 

changing protein source. Merchen et al. (1987) also found higher DM and OM digestibility 

and lower N digestibility in lambs fed urea, SBM and CGM as protein supplements in corn 

silage diet. Similarly, Swanson et al. (2000) observed better digestibility of DM, OM and CP 

with protein supplementation in sheep fed grass hay:straw mixture. Jaster et al. (1984) 

reported that DM digestibility was higher (76.6%) in heifers fed wet corn gluten feed 

compared with alfalfa haylage (60.67%). In the same study, the digestibility of CP, NDF and 

ADF was more in wet corn gluten feed compared with other feeds. Bernard et al. (1991) 

reported higher apparent DM digestibility when wet or dry corn gluten feed was fed. 

However, Drackley et al. (1985) reported decreased fiber digestion in steers fed diets 

containing sunflower seeds whereas, Nelson and Watkins (1967) found non-significant 

differences in DM (55.5 versus 55.6), protein (39.1 and 40.5) and fiber (54.1 and 54.3) 

digestibility in lambs offered diets containing CSM given after every 6 days as compared to 

daily supplementation. Similar results were obtained by Zinn (1993). Leupp et al. (2006) 

reported higher apparent CP digestibility in steers given feed supplemented with CM 

compared to the control. Whereas, Richardson et al. (1981) substituted CSM with SFM in a 

growing finishing feedlot diet at levels of 0, 5.5, 11 and 22% and found no difference in 

digestibility which indicated that solvent processed CSM was similar to solvent extracted 

SFM when fed on an equal CP and fiber basis.  
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Effect of different protein sources on blood metabolites  

Blood urea nitrogen (BUN) is a measure to assess protein status of the animal. Blood 

urea nitrogen and protein intake have a positive relationship indicating that BUN could be 

quantified with protein intake (Preston et al., 1965; Rusche et al., 1993). Higher BUN in 

lambs fed concentrate diet might be the result of incapacity of ruminal microflora to detain 

maximum ammonia (Butler, 1998). Serum creatinine is a marker of kidney function and 

glomarular filtration rate (Swaminanthan et al., 2000). Ponnampalam et al. (2005) reported 

non-significant difference in  plasma urea and glucose in crossbred lambs at d 1 of the trial 

due to CM, SBM and FM supplemented to control diet (lucerne hay: oat hay; 30:70). 

However, at d 30 and 53 of sampling revealed significant increase in plasma glucose and 

urea N concentration except for a decrease in urea N concentration in basal treatment. Lupin 

supplementation as protein source on weekly basis increased levels of urea in plasma 

whereas variations were found in blood glucose levels (Master et al., 2002). Plasma glucose 

and urea N were unaffected in lambs fed concentrate diets (Carro et al., 2006). Increase in 

glucose concentration may be due to more by-pass protein and increased availability of 

glucogenic amino acids for glucose synthesis (Sano et al., 2007). 

Rusche et al. (1993) observed that feeding CP source with high escape protein 

decreased plasma glucose and urea N concentration. Whereas, supplementation of lucerne 

chaff with CSM resulted in an increase in glucose and urea concentration in lambs indicating 

better energy and protein status (Sainz et al., 1994). Paterson et al. (1983) observed lower 

BUN in lambs offered escape protein supplements compared with SBM supplement (11.07 

versus 16.44 mg/100ml). However, Davies et al. (2007) noticed no difference in plasma 

glucose, urea N and plasma minerals in response to various protein sources. In conclusion, 

feeding protein with high rumen un-degradable value resulted in increased concentration of 

blood glucose due to more glucogenic amino acids available for gluconeogenesis. 

 

Effect of different protein sources on serum minerals   

Serum sodium (Na), chloride (Cl) and potassium (K) ion concentrations differed in 

response to protein supplementation in sheep (Oboh and Olumese, 2008). Likewise, 

concentrate diets resulted in higher serum phosphorus (P) levels in goats (Hayashida et al., 

2004). However, serum Na and K concentrations were not affected by diet composition 
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(Davies et al., 2007). Similarly, serum Ca, P and Mg levels remained unchanged in sheep fed 

diets supplemented with protein as compared to the control (Cole, 1992). 

 

Effect of different protein sources on hematology 

Adequate quantity of dietary protein is essential for normal hemoglobin (Hb) 

formation in animals that carries oxygen to tissue from lungs. Low protein intake may alter 

the absorption, retention / or utilization of substances which is essential for normal 

hematopoiesis (Orten and Orten, 1947). The protein content of diet may affect the iron 

absorption in intestine (El-Hawary et al., 2008). Low protein fed animals have subnormal Hb 

and normal erythrocytes in blood as compared to adequate protein fed animals (Orten and 

Orten, 1947; Conrad et al., 1967). Protein increases the absorption of radioactive Fe from the 

gut (Higginson et al., 1965). This promoting action on iron absorption may be partly the 

result of the action of free amino acids released from dietary proteins. Supplementation with 

valine and histidine increased intestinal iron absorption in anaemic subjects (El-Hawary et al., 

2008). Optimum Hb synthesis increases the availibility of oxygen for anabolic activity 

leading to increased production of energy for muscle mass accretion. Hemoglobin, 

hematocrit (PCV) and mean corpuscular hemoglobin concentration (MCHbC) are very 

responsive to protein deficiency / low protein inatke (Edozien and Switzer, 1977). Therefore, 

a sufficient quantity of dietary protein with efficient amino acid profile is a must for 

maintaing optimum concentration of blood constituents.  The MCHbC increased with 

increasing protein concentration in diets (Edozien and Switzer, 1977). The protein-energy 

deficiency increase the plasma volume which alter the Hb concentration  and change in 

intracellular reduction of MCHbC (Edozien and Switzer, 1977). Hematocrit was 

nonsignificant but Hb was significant among varying levels of CSM (0, 15 and 30%) in 

growing lambs (Nikokyris et al., 1999). The total red blood cells (TRBC), PCV, mean 

corpuscular volume (MCV), Hb, white blood cells (WBC), plataletes, were nonsignificant 

whereas segmented granulocytes and lymphocytes were significantly different in animals fed 

soy or non soy diets (Pastuszewska et al., 2007). Tripathi et al., (2007) observed that WBC, 

lymphocytes, neutrophils, and, Hb, MCV were nonsignifcnat whereas eosinophils , red blood 

cells (RBC), PCV, Hb and MCHbC were significantly different in animals fed graded levels 

of feed grade damaged wheat as substitute of maize. In another study,  Hb and PCV were not 
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influenced by diets (Matras et al., 1991). Gill et al (1987) also observed no effect of different 

feedig regimens on Hb, erythrocytes and PCV. Nikokyris et al. (1999) observed higher 

values for PCV (33-39.1%), Hb (94.4-120.7 g/l) and MCHbC (27.8-30.9 g/dl) at the 

beginning of the trial as compared to the middle and end of the 62 days of trial in growing 

fattening lambs fed diets containing 0, 15 and 30% cotton seed cake. However, Nelson and 

Watkins (1967) reported that blood Hb and PCV were unaffected by interval of CSM 

supplementation as protein source indicating adequate homeostatic mechanism to prevent 

any change in blood constituents. Claypool et al. (1985) observed non-significant differences 

in the PCV (24.4, 22.9 and 24.9%) in calves fed diets supplemented with CM, CSM and 

SBM, respectively. Nikokyris et al. (1999) reported that most of the blood components were 

affected by varying levels of dietary free gossypol on whole cottonseeds in the growing 

fattening lambs. Hematocrit values were higher at the start of the trial but, overall, remained 

unchanged. 

 

Effect of different protein sources on nitrogen balance 

Nitrogen intake and faecal and urinary N are determinants of nitrogen balance (N-

balance), whereas N intake depends upon DM and CP intake. Feeding high CP diets may 

also result in greater faecal and urinary N excretion (Fahmy et al., 1992; Phillips and Rao, 

2001). Increased urinary N may be the result of increased post-ruminal amino acids 

absorption that is surplus to the tissue needs or ruminal or post-ruminal absorption of 

ammonia (Williams, 1991).  

A positive N-balance ranged between 4.1-6.4g /h/d was recorded in lambs fed diets 

supplemented with protein source. Lambs fed SBM and CSM diets (supplemented with 

ferrous sulphate) retained the highest N compared to those lambs fed CSM (un-supplemented 

with ferrous sulphate) based diet (Ward et al., 2008). Low N-retention by lambs fed CSM 

could be the result of poor digestibility of N or due to the poor usage of absorbed N (Woods 

et al., 1962). Phillips and Rao (2001) observed significant difference in N intake in lambs fed 

diets containing pigeon pea, CSM or alfalfa as the protein source. Replacing the alfalfa 

pellets or CSM with pigeon pea increased the amount of faecal N (6.66 versus 4.7 g/d), but 

didn’t increase the amount of urinary N. Utilization of protein sources after absorption was 

not different. There were no differences among diets containing three protein sources, but, 
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the lambs retained a smaller proportion of the N when fed diets containing pigeon pea and 

other protein sources. Matras et al. (1991) reported that grain source didn’t influence N-

retention, however, urea supplemented diets resulted in lower N-balance in lambs.  

Karsli et al. (2006) reported that sheep fed either SBM or hazelnut meal diet had 

similar amounts of CP flowing into the lower digestive tract. However, the proportion of total 

CP flow from un-degraded N was lower in sheep fed hazelnut meal than those fed SBM diet. 

Faecal, urinary and total N excretion were unaffected by protein source (Knowlton et al., 

2001). Contrary to this, Murphy et al. (1994) observed that N-balance and digestion 

improved with increasing protein concentrate in the diet of growing lambs. Swanson et al. 

(2000) pointed out that supplementation of grass hay:straw mixture with protein resulted in 

an increased N intake, urinary N, N digestion, apparent N absorption and N-retention in 

sheep. However, Merchen et al. (1987) fed corn based diets supplemented with urea, SBM 

and CGM as protein source in lamb diet and found that protein source had no effect on N-

retention indicating that supplementing diets with un-degradable protein had no added 

advantage. The N-retention or balance may be related to normal CP synthesis (Fahmy et al., 

1992). 

Using high RUP sources to meet the N needs could reduce more than 15% N 

excretion (Tomilnson et al., 1996) when compared with CP standards of national research 

council (NRC, 1985). Nitrogen balance was higher for protein supplements (+5.7 g N versus 

+1.7 g N day-1) than for un-supplemented lambs (Bailey and Sims, 1998). Increased N-

retention was observed in lambs fed diets supplemented with CSM as protein source (Caton 

et al., 1988). Protein supplements tended to increase N-retention (g/day) in lambs (Phillips et 

al., 1995). 

Irshaid et al. (2003) formulated diets for fattening Awassi lambs containing SFM, 

SBM and replacing SBM with SFM at 50 and 100% level. No difference was observed in N-

balance. They reported that the response to SFM varied due to wide variation in its chemical 

composition. Whereas, Milis et al. (2005) reported that protein source (SBM or CGM) did 

not affect N-balance of diets suggesting that an increase in RUP didn’t negatively affect 

digestibility or nutritive value. Nitrogen balance in lambs for protein supplements containing 

SFM and RSM (mean 2.68 g/d) was higher than those fed the urea (-3.70 g/d) diet (Coombe, 

1985). 
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Firkins et al. (1984) observed higher amount of N reaching the lower digestive tract 

for wet distillers grains and dried distillers grains (64.1 and 74.7 g/d) compared with wet and 

dry corn gluten feed (41.3 and 32.7 g/d). However, Knowlton et al. (2001) reported no 

difference in faecal, urinary and total N excretion in cows fed diets supplemented with SBM 

or a blend of SBM and BM as protein source to meet the 16.2% CP requirements. Tanksley 

et al. (1981) reported higher digestibility of N and essential amino acids at small intestine and 

over the total digestive tract with glandless CSM and SBM compared with direct solvent and 

screw pressed CSM. Danke et al. (1966) observed that heating of CSM for 30-45 minutes 

increased N-retention from 25-32.5% , but additional heating for 45, 60 or 75 minutes had no 

effect on N-retention, suggesting that CSM should be autoclaved for 45 minutes for 

maximum N-retention. In contrast, Woods et al. (1962) reported CSM as an inferior protein 

supplement for growing lambs compared with sesame or SBM which may be due to the high 

crude fiber as compared to the sesame or SBM. Briggs and Heller (1942) reported higher 

average N-retention  in fattening lambs fed diets containing high CSM compared with low 

CSM (73.3 versus 38.8%) diets.  Nelson and Watkins (1967found that N-retention by lambs 

was significantly higher (15.5% versus 9.5%) when CSM was fed daily compared with every 

6 days supplementation.  

 

Effect of different protein sources on growth performance 

The supply of dietary protein is vital for growth of lambs. Reduced CP intake may 

affect the growth performance (NRC, 1985) and the provision of nutrient dense diets may be 

a better strategy to attain maximum growth rate (Arthington and Kalmbacher, 2003). More 

post-ruminal flow of glucogenic amino acids (Erasmus et al., 1992) and lipogenic moieties 

(Bruno et al., 2009) results in improved muscle mass accretion (McClure et al., 1994). 

Urbaniak (1995) observed higher weight gain in Merino rams fed diet supplemented with FM 

(197 g/d) followed by those fed BM, SBM and casein supplemented diets (181 g, 175 g and 

114 g/d, respectively). Difference in gain might be due to extent of rumen degradation of 

various protein sources which in turn, leads to different amino acids supply (Urbaniak, 1995). 

Supplementation of CM and FM in grass silage diets improved the average daily gain by 

60.2% and 49.7% in lambs, respectively than lambs fed control (Plaisance et al., 1997). 

Increased weight gain was also reported in lambs fed CSM and CGM diets but the relative 
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effect of CSM was almost double than that of maize meal (Chakeredza, 2003) which might 

be due to the extent of degradation of proteins in the rumen that provided essential amino 

acid supplies at gut level. 

Ponnampalam et al. (2005) observed significant increase in live weight gain of cross 

bred lambs consuming forage based diets supplemented with CM and SBM as protein source. 

Similarly, Braman et al. (1973) reported that the steers fed SBM supplements had greater 

rates of gain and better efficiency of feed utilization as compared to steers fed diets 

supplemented with urea. Abdullah and Awawdeh (2004) reported that lambs fed un-treated 

protein sources showed better daily weight gain compared to those fed formaldehyde treated 

diets.  Nsahlai et al. (2002) reported that lambs fed FM based diets gained more weight than 

those fed SFM diets. Walz et al. (1998) also observed increased weight gain in Suffolk lambs 

fed FM diets compared to SBM diets. Hussein and Jordan (1991) reviewed FM as a protein 

source in ruminant diet and reported that weight gain and feed efficiency was improved when 

FM was added in medium or poor quality silages in comparison with high quality silages. 

Contrary to this, Mandell et al. (1997) observed no difference in weight gain in beef cattle 

fed FM as protein source. Titi (2003) found higher weight gain for kids fed SFM with 

enzyme; however no difference was noticed on SBM and SFM supplemented diets. Weight 

gain during the three trials was 221.7, 155.8 and 141.6g, respectively. This study indicated 

that SFM can successfully replace SBM as protein source in fattening diets. Khan et al. 

(1997) reported higher weight gain (244 and 233 g/d ,respectively) in lambs fed SBM and 

CM diets compared to 213 g/d in lambs fed CSM diet suggesting that CM and SBM are 

better protein sources for growing lambs than CSM. Canola meal is relatively rich in 

vitamins and minerals and is high in sulphur containing amino acids (methionine and cystine) 

that may have resulted in better growth performance in lambs (Khan et al., 1997).  

Replacement of SBM with FM as protein source had no effect on weight gain in 

growing lambs (Dabiri and Thonney, 2004). Yagoub and Talha (2009) concluded that the 

replacement of groundnut meal with decorticated SFM at 0 %, 50% and 100% didn’t 

influence the final body weight and daily weight gain in Sudanese desert lambs. Ham et al. 

(1994) observed no difference in weight gain and efficiency of feed utilization in calves fed 

wet distillers by-products having low, medium or high concentration of acid detergent 

insoluble N. Kandylis et al. (1999) also reported no difference in weight gain by lambs in a 
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feedlot study when compared CSM with SFM indicating that lambs utilized CSM as 

effectively as SFM when fed on an equal CP and crude fiber basis. Other researcher (Santos-

Silva et al., 2003; Fielding and Kyomo, 1979; Merchen et al., 1987) also reported that protein 

source had no effect on the growth performance of steers. 

Walz et al. (1998) reported an increase in weight gain by lambs fed FM diet 

supplemented with sodium bentonite in replacing SBM as protein source. Similarly, Brandt 

and Klopfenstein (1986) reported that supplementation of slowly degradable protein to 

alfalfa and corn cob based diets resulted in higher weight gain in lambs and steers. Similarly, 

Peter et al. (1971) concluded that SBM treated with aldehyde resulted in better gain and 

better feed utilization compared to lambs receiving the water treated SBM. The probable 

reason for this could be that treatment of SBM with aldehyde improved the bypass protein 

value of the SBM which provides essential amino acids at intestinal level, thus improving 

weight gain of the animals. In conclusion, protein source may have significant impact on 

weight gain and the effect is more pronounced when protein source is supplemented in poor 

quality feed. 

Feed efficiency is the measure of animal product output per unit of feed intake. Better 

performance may be obtained by improving the feed efficiency, and have a positive 

relationship (Kabir et al. 2004). Improved feed efficiency (32.4%) was observed in lambs fed 

grass silage based diets supplemented with FM, CM and heat treated CM as protein source 

compared to those fed control diet (Plaisance et al., 1997). The lambs fed SFM diet 

consumed more feed (7.93 versus 6.49 kg) per kg weight gain compared to lambs fed SBM 

(Irshaid et al., 2003). Waller et al. (1980) and Klopfenstein et al. (1978) reported improved 

weight gain and feed efficiency in lambs fed CM compared to those fed CSM diet. The 

improvement in weight and efficiency of gain was highest in growing ruminants fed RUP 

(Chalupa, 1975) because of more amino acid supply to meet the metabolic amino acid 

requirements for maintenance and growth.  

Ivan et al. (2004) reported that sunflower seed supplementation in high concentrate 

diets resulted in improved FCR. Khan et al. (1997) observed better efficiency of feed 

utilization in lambs fed iso-nitrogenous and iso-caloric diets containing SBM (8.98) and CM 

(8.58) compared to those fed CSM (9.79). However, Loerch and Berger (1981) observed that 

different protein sources (BM, meat and bone meal, dehydrated alfalfa and SBM) had no 
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effect on FCR in steers and lambs. Brand et al. (2001) observed 21% lower FCR in finishing 

South African mutton Merino lambs fed diets containing 0, 6, 12 or 18% full fat canola diets, 

indicating that inclusion of full fat canola up to 18% had no negative impact on average daily 

gain or FCR in lambs. 

 

Effect of different protein sources on carcass characteristics  

Different protein sources affect the carcass characteristics and meat composition. 

Carcass characteristics include the hot carcass weight (HCW), cold carcass weight, dressing 

percentage (DP) and bone to meat ratio. Relationship between frame size and growth rate is 

affected by the energy contents of the finishing diet. It is well documented that the carcass 

fatness is influenced by energy density of the diet of finishing lamb. Growth of muscle 

tissues and extent and site of marbling in carcass affects the value and mass of meat 

(Mahgoub et al., 1978). Strategic supplementation may be helpful in achieving better carcass 

yield in small ruminants (Butterfield et al., 1988; Hogg et al., 1992. Yearling sheep had 

higher slaughter weight (28.54 kg), empty live weight (26.65 kg), HCW (14.88 kg) and DP 

(52.14%) than the goat (20.46, 18.75, 10.09 kg and 49.02% respectively) maintained on 

50:50 roughage and concentrate diets (Sen et al., 2004). Greater DP might be due to higher 

slaughter weights (Lupton et al., 2007, 2008). Diaz et al. (2002) reported more DP for lambs 

with higher body weights (Lee et all., 1990). 

Protein concentrate supplementation to the diets of goat kids had no influence on their 

slaughter weight, slaughter and dissection data (Todaro et al., 2006). Whereas, carcass 

weight and DP increased with increasing amount of concentrate feed made up of a mixture of 

hominy meal 77%, and cotton seed cake 21% having a CP content of 16%. These 

observations can be related to more carcass fat, because of high energy and CP intake 

resultantly more muscle mass accretion (Hango et al., 2007). 

 Plaisance et al. (1997) studied FM, CM, and heat treated CM as a protein 

supplements to grass silage diets and found no effect on carcass yield of lambs. Higher 

slaughter weights, carcass weight of lambs were noticed fed CSM diet compared with peanut 

meals (Nagalakshmi et al., 2002). Improvement in carcass weight was noted in lambs fed 

CSM and maize meal as protein supplements compared to those fed un-supplemented diets. 

Lambs fed groundnut cake produced the heaviest slaughter weight and carcass weights than 
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those fed sesame, cottonseed and sunflower seed cakes. Hot carcass weights were increased 

in lambs fed FM supplemented diets followed by those fed CM and SBM in cross-bred lambs 

(Ponnampalam et al., 2005). However, ground nut cake, sesame cake, cotton seed cake and 

sunflower seed cake used as protein source in the diets of fattening lamb had no effect on the 

proportion of muscle, bone, fat and trim tissues (Suliman and Babiker, 2007). The proportion 

(lean, fat and bone) was not affected by various protein sources in Sarda lambs, except for fat 

of hind legs (Rizzi et al., 2002). 

Abdullah and Awawdeh (2004) found that protein source had a significant effect on 

hot and cold carcass weight with lambs fed SBM having higher values compared to lamb fed 

SFM and CSM. Supplementation with RUP had significant effect on DP, final live weight 

and hot and cold carcass weight. Wiese et al. (2003) observed non-significant differences in 

carcass weight, DP and meat colour in lambs fed CM based diets compared with lupin and 

urea diets. Carcass composition remained unaffected in steers fed silage or hay based diets 

supplemented with different protein sources at different levels (Petit and Flipot, 1992). 

Nsahlai et al. (2002) observed that lambs fed FM diet deposited more carcass and 

carcass protein than those fed SFM diet. Ponnampalam and Hosking (1994) also reported that 

increasing the energy-protein ratio of the lamb diet by supplementation with lupins (1.8 

kg/wk) CSM (1.2 kg/wk) or FM (0.75 kg/wk) resulted in significantly higher carcass weight 

compared with lambs fed basal diet comprising of oaten chaff and 15% lucerne. However, 

when the comparison was made on empty body weight basis, the lambs offered protein 

source diets showed decreased carcass fat, higher water and protein content in comparison 

with lambs fed the basal diet. In contrast, Baranowski et al. (2007) observed similar DP in 

un-supplemented groups (47.39%) compared with the supplemented lambs (48.22%). In the 

same study, the share of primal cuts and fat contents confirmed the same slaughter value 

(47.39%, 42.65%, 1.74% versus 48.22%, 42.36%, 1.95%, respectively) among the un-

supplemented and the lambs supplemented with linseed or mineral bioplex. No difference 

was also observed in weights of legs (2.20 and 2.10 kg respectively) between both the 

groups. 

Dressing percentage, carcass muscle fat and bone percentage remained unaffected by 

concentrate supplementation.  Santos-Silva et al. (2003) observed that supplementation of 

grass based fed lambs with sunflower seed had non-significant effects on carcass quality. 
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However, Murphy et al. (1994) noticed lower fat percentage of the carcass in growing lamb 

with corresponding increase in moisture contents because of restricted feeding. Fat and 

moisture are inversely related (Oba and Allen, 1999). The protein and fat contents of lambs 

when slaughtered at the same final body weight remained stable (ARC, 1980; Fix et al., 

1988). However, lean and bone tissues remained unaffected whereas fat accretion decreased 

with decreasing feeding levels. Hintz and Heitman (1967) reported that supplementation of 

barley-CSM diets did not influence the carcass characteristics by lysine supplementation. 

However, a slight increase in the protein content and decrease in the fat content was observed 

in growing finishing swine whereas, DM and ash contents remained unchanged. 

 

Effect of Probiotics on lamb’s performance 

Probiotics are non-pathogenic microbes occur in nature and the gastrointestinal tract 

of ruminants; exert a positive influence on the host physiology (Dunne et al., 1999). 

Probiotics improve microbial ecosystem (Sandine, 1979; Musa et al., 2009), nutrient 

synthesis and their bio-availability resulting in better growth performance in farm animals 

(Oyetayo and Oyetayo, 2005). In addition to that probiotics also improve nutrient absorption 

(Teeler and Vanabelle, 1991), reduce the incidence of intestinal infection (Casas and 

Dobrogosz, 2000); and restore the gut microflora in case of diarrhoea (Musa et al., 2009).  

They are also known to increase ruminal pH (Umberger and Notter, 1989), total VFAs and 

ruminal biomass (Newbold et al., 1996) and thus influence the cellulolytic activity and 

microbial protein and fiber degradation (Martin and Nisbet, 1990; Yoon and Stern, 1996). 

However, the actual mechanism through which probiotics improve animal performance is not 

known (Koop-Hoolihan, 2001), however they compete with other micro-organisms for the 

provision of nutrients and other growth factors (Rolfe, 2000). Probiotics enhance immunity 

(Aattouri et al., 2001) by promoting the antibodies, IgA and cytokines production 

(Trebichavsky and Splichal, 2006). A positive impact of probiotics supplementation on  

intake, weight gain and FCR in ruminants has been reported by other workers (Chiofalo et 

al., 2004; Antunovicc et al., 2006; Whitley et al. 2009). 
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Effect of probiotics on nutrient intake    

Diet composition and probiotics supplementation are known to influence the 

performance of ruminants. Probiotics supplementation has been found to increase feed intake 

(Chiofalo et al., 2004, Antunovic et al., 2005, 2006 and Desnoyers et al., 2009). Similarly, 

Chademana and Offer (1990) reported a promoting role of probiotics on DMI and fiber 

degradability. This might be because of improved cellulolytic bacteria in the rumen of lambs 

fed probiotics supplemented diets (Wallace and Newbold, 1993). Other possible reason for 

increased DMI in response to probiotics supplementation may be their positive effect on 

ruminal pH, leading to improved fiber degradation and DMI (Umberger and Notter, 1989). 

Lactobacillus Plantarum splits certain carbohydrates into simpler substances like glucose, 

which provides energy. Apergillus Oryzae helps in producing enzymes that are involved in 

carbohydrate/fiber digestion leading to improved animal performance. 

Titi et al. (2008) observed that supplementation of yeast culture in the diets of lambs 

and kids had no effect on DMI. Likewise, Hernandez et al. (2009) noticed no change in DMI 

of lambs fed grass diets which contain probiotics. Haddad and Goussous (2005) also reported 

similar findings. Kiesling et al. (1982) added lactobacillus culture to the diet of steers for a 

209 day finishing period and found no difference in DMI among the treated and controlled 

group. In the same way, Swinney-Floyd et al. (1999) fed propionibacterium and 

Lactobacillus spp. independently or in a combination, found that treatments didn’t influence 

DMI in calves. The DMI was not affected in feedlot cattle fed high concentrate diets, 

however supplementation with propionibacterium P15 resulted in an increased protozoal 

numbers with associated increase in ruminal ammonia concentration and a decrease in the 

number of amylolytic bacteria compared with the un-supplemented group (Ghorbani et al., 

2002). In conclusion, supplementation of probiotics may influence DMI and ruminal 

ammonia concentration that favours optimum microbial activity and ultimately enhanced 

growth in ruminants. 

 

Effect of probiotics on nutrient digestibility 

Probiotics improve nutrient digestibility (Abd El-Ghani, 2004), degradation of fiber 

(El-Waziry and Ibrahim, 2007) and ruminal digestion (Kamel et al., 2004) more likely fiber 

degradation (Dawson and Tricarico, 2002) by increasing pH in the rumen (Mohamed et al., 
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2009; Paryad and Rashidi, 2009), enhancing growth and/or cellulolytic activity by rumen 

bacteria (Dawson and Tricarico, 2002) and preventing ruminal acidosis by balancing the 

VFAs ratios in the rumen (Arcos-Garcia et al., 2000). Haddad and Goussous (2005) reported 

that the supplementation of yeast culture (YC; Diamond V® YC) in the diets of Awassi lambs 

resulted in higher DM, OM and apparent CP digestibility (678, 683 and 653g/kg, 

respectively) compared to control (632, 645 and 589 g/kg, respectively). Similarly, NDF 

digestibility was also higher in the yeast culture supplemented group. Abd El-Ghani (2004) 

observed that bucks fed diet containing yeast culture supplements had higher nutrient 

digestion compared with goats fed a concentrate and roughage diet.  

Krehbiel et al. (2003) reported that feed additives and direct-fed microbes improved 

digestibility of the diet. In contrast, Titi et al. (2008) reported that addition of probiotics 

(yeast culture) had no effect on DM, CP and NDF digestibility. However, in the same study, 

digestibility of OM and ADF increased in lambs and kids supplemented with yeast culture in 

the diet. Whitley et al. (2009) also reported improved apparent DM, CP, NDF and ADF 

digestibility in meat goats fed diet supplemented with commercial probiotics than control 

group. In conclusion, supplementation of probiotics in the diet resulted in improved nutrient 

digestibility. 

 

Effect of probiotics on blood metabolites 

Blood urea nitrogen concentration is indicative of renal function (Oltner and 

Wiktorson, 1983). Weaned lambs (60 days old) supplemented with 0.1% probiotics 

(PDFM®) had statistically lower concentration of glucose and BUN (Antunovicc et al., 

2005). Antunovicc et al. (2006) also examined lower concentration of urea (5.51:7.97 

mmol/l) in the blood serum of lambs fed diets with probiotics as compared to the control 

diets. Lower BUN in lambs containing probiotics could be due to improved utility of N in the 

rumen (Bruno et al., 2009). However, Abo El-Nor and Kholif (1998) reported higher BUN 

values in response to probiotics supplementation. This higher BUN concentration may be due 

to incapacity of ruminal microflora to detain the ammonia optimally (Butler, 1998). Whereas, 

other researchers reported no differences in BUN concentration when probiotics 

supplemented groups were compared with the control (Masek, et al. 2008; Bruno et al., 

2009). 
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Gluconeogenesis is a major source of glucose in lambs (Huntington and Eisemann 

1988) as it is responsible for the satisfaction of 75% of the total glucose needs in ruminants 

(Donkin and Hammon, 2005). Antunovic et al. (2006) reported unaltered blood glucose 

levels in the diets of lambs containing probiotics. While, Abo El-Nor and Kholif (1998) 

reported higher blood glucose concentration in cows fed diets containing probiotics .This 

increase in glucose concentration in the probiotics supplemented group might be related to a 

temperate improvement in gluconeogenesis and increased lactose absorption (de Valdez, 

1997). However, no differences were noticed in blood glucose concentration in lambs fed 

diets with or without probiotics (Ding et al., 2008). 

Creatinine is produced in the muscle tissue and its normal concentration indicates the 

optimal physical activity. Belewu et al. (2008) noticed no change in  creatinine in goats fed 

diets supplemented with probiotics. Likewise, Antunovicc et al. (2006) found similar results 

in growing lambs. Galip (2006) also found no difference in blood creatinine level in rams 

supplemented with probiotics. 

 

Effect of probiotics on Serum minerals   

Serum minerals are involved in maintaining fluid osmotic pressure, water balance, 

nervous and muscular functions and acid base balance (Juniper et al., 2009). The availability 

and retention is influenced by probiotics supplementation.  Significantly lower Ca 

concentrations were reported by Antunovicc et al., (2005) in lambs raised on diets with or 

without probiotics. Similar results were observed by Panda et al. (2001). On the contrary, 

other researchers reported no effect of probiotics supplementation on serum Ca concentration 

(Galip, 2006; Mateova et al. 2009). The lower Ca concentration might be influenced by 

parathyroid hormone (Brown, 1991) responsible for the synthesis of 1-25 di-

hydroxycholecalciferol in kidneys that is involved in Ca absorption from the intestine 

(Hurwitz, 1996). 

 Higher phosphorus (P) concentration was reported by Antunovicc et al. (2005) in 

lambs fed diets containing probiotics. Likewise, other researchers (Brake, 1991; Moore et al., 

1994; Mateova et al. 2009 and Masek, et al. 2008) reported higher availability of P in lambs 

fed diets with probiotics. This high phosphorus might be the result of decreased Ca 

concentration (Antunovicc et al., 2005). However, Galip, (2006) reported no change in P 
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concentration due to probiotics supplementation in ruminants. Varied response was noticed 

for K concentration on diets supplemented with probiotics. Antunovic et al. (2005) reported 

that diets containing probiotics influenced the K concentration in lambs. On the contrary, 

Galip, (2006) reported no effect of probiotics supplementation on serum Ca, P, K and Cl 

concentration. Antunovic et al. (2005) observed that diets containing probiotics lowered the 

Cl concentration in lambs. Galip (2006) found similar findings for Na.  

 

Effect of probiotics on hematology 

Blood profile is an important indicator of animal health (Cheesborough, 1991). Use of 

probiotics doesn’t have any side effects (Zhou et al., 2000) on animal health. Hematology 

can be affected by probiotics of different origins (Aboderin and Oyetayo, 2006).  Other 

researchers have reported no effect of probiotics on hematologic picture of cattle (Wohlt et 

al., 1991).  Probiotics induce health promoting phenomenon (Oyetayo, et al., 2003). 

Aspergillus niger, when used as probiotics, reduces anti-nutritional factors in caprine 

(Belewu et al., 2008; Sahastrabudie et al., 1986: Belewu and Morakinyo, 2007). 

Hemoglobin, PCV, mean corpuscular haemoglobin (MCHb) and MCV increased 

significantly in the animals offered yeast supplemented diets (Onifade et al., 1999). 

Hemoglobin, RBC, WBC, platelets and eosinophils were found significantly higher, while 

PCV was found to be significantly lower at three levels of probiotics (Aboderin and Oyetayo, 

2006). In another study (Belewu et al., 2008), Hb levels was significantly higher (11.3 g/dL) 

in animals given probiotics than control (6.6g/dL). On the contrary, Galip (2006) reported no 

difference in Hb, MCH, MCV, MCHbC, platelets, eosinphils, basophils and monocytes 

values between control and yeast supplemented diets.  

Hematocrit is useful indicator of dehydration or normocytic normochromic anaemias 

that may be indicative of certain toxicities (Scholm et al., 1975). Belewu et al., (2008) found 

20.8% increase in PCV (30.03%) in animals given diets treated with probiotics. Platelets are 

important circulating constituents of the blood and have important functions i.e. blood 

clotting and haemostasis (Sunitha and Munirathnam, 2008). Platelets also release natural 

growth promoters i.e. platelet-derived growth factor, transforming growth factor-β that helps 

repair and regeneration of connective tissues. 
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The RBC were higher (3.6×1012/L) in animals fed diets containing probiotics  as 

compared to those fed control (2.1×1012/L) diet (Belewu et al., 2008). Mean corpuscular 

hemoglobin, MCV, basophils and monocytes remained unaffected at different levels of 

probiotics compared to control diets (Aboderin and Oyetayo, 2006). Belewu et al. (2008) 

reported that the MCHb was significantly lower in lambs fed diets supplemented with 

probiotics as compared to control. The MCV was significantly higher (18.3 g/dl) in animals 

fed control diets than probiotic (11.5g/dl) supplemented diets (Belewu et al., 2008).    

White blood cells or leukocytes are immune cells (Lafleur-Brooks, 2008) and play an 

important role in defending the biological system against different diseases (Scholm et al., 

1975). If their concentration is lower, it increases chances of infectious anomalies. White 

blood cells were significantly higher in animals fed yeast supplemented diets as compared to 

controls (Paryad and Mahmoudi, 2008). Belewu et al. (2008) also reported significantly 

higher (19.4× 109/L) WBC with probiotics supplementation compared to control diet 

(16.2×109/l). Neutrophils were significantly higher in probiotics supplemented animals 

(Belewu et al., 2008). Basophils percent in blood increased due to the sensitization to an 

antigen (Scholm et al., 1975; Cheesbough, 1991). In biological system monocytes defend the 

tissues against microbial agents (Scholm et al., 1975; Cheesborough, 1991). Lymphocytes 

play an important role in the formation of cellular immunity and defensive system of the 

body (Baker and Silver, 1985). These cells proliferate and their interferon production 

increase with oral probiotics supplementation (Belewu et al., 2008). Neutrophil/lymphocyte 

ratio was significantly lower at different levels of yeast over control (Paryad and Mahmoudi, 

2008). 

 

Effect of probiotics on nitrogen balance 

Probiotics supplementation improves the microbial activities in rumen resulting in 

enhanced NH3 capture to synthesize microbial protein (Erasmus et al., 1992) and have 

profound influence in lambs (Jouany et al., 1998b). Probiotics alone or in combination 

increase the N-intake (Mohamed et al., 2009) and ruminal N pool (Jouany et al., 1998b). 

Probiotics have been reported to enhance the N-retention (Paryad and Rashidi, 2009) by 

enhancing microbial peptidolytic and proteolytic activities in the rumen (Cole et al., 1992), 

and post-ruminal amino acid flow (Enjalbert et al., 1992; Erasmus et al., 1992). This 
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augmentation in post-ruminal amino acid flow is also reported by other researchers (Putnam 

et al., 1997; Doreau and Jouany, 1998). However, Hernandez et al. (2009) reported no effect 

of probiotics supplementation on N-retention, N-intake and fecal and urinary N in lambs fed 

mature orchard grass. Jouany et al. (1998) also reported no change in urinary N excretion in 

response to probiotics supplementation. 

 

Effect of probiotics supplementation on growth performance 

Feed additives like probiotics have been reported to improve FCR in ruminants 

(Robinson, 2002). Probiotics supplementation improves feed efficiency (Abdelrahman and 

Hunaiti, 2008). Probiotics improve microbial ecology (Sandine, 1979; Musa et al., 2009), 

nutrient synthesis and their bio-availability resulting in better weight gain in farm animals 

(Oyetayo and Oyetayo, 2005). Haddad and Goussous (2005) observed that the 

supplementation of yeast culture (YC; Diamond V® YC) in the diets of Awassi lambs 

resulted in higher weight gain (266g/d) as compared to control (212g/d). Similarly, Jang et al. 

(2009) found that the probiotics supplementation tended to increase weight gain in lambs. 

Higher weight gain in lambs fed diets containing probiotics could be due to augmented 

microbial protein synthesis leading to more amino acids supply at post-ruminal level 

(Erasmus et al., 1992).  Body weight gain improved by 1.90% and daily gain by 2.50% in 

lambs fed diets with probiotics Bioplus 2B compared to the control group. Better weight gain 

may also be related to higher consumption and better efficiency of feed utilization in the 

probiotics-supplemented group (Antonovic et al., 2006).  Lambs fed diets with Probios® had 

improved weight gain (24.7% and 6.4%) during the first two weeks and from 2nd to 4th 

week (Pond and Goode, 1985). 

In contrast, Titi et al. (2008) reported that yeast supplementation had no effect on 

growth rate in lambs and kids. Baranowski et al. (2007) also observed no difference in the 

mean daily live weight gain (238g versus 225g) in lambs fed diet supplemented with linseed 

and mineral bioplex than lambs fed control diet only. Feed conversion ratio also remained 

unchanged across the treatments. Whitley et al. (2009) found that growth performance of 

goats remained unaltered with probiotics supplementation, except in one growth trial in 

which weight gain and FCR was higher in probiotics supplemented group compared with 

control group. Antunovicc et al. (2005) reported that probiotics feeding improved daily gains 
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and average body weights. Similarly, Abas et al. (2007) reported higher body weight gain in 

Kivircik male yearling lambs supplemented with direct feed microbial culture (Cylactin® 

LBC ME 10) than the control group. Mutassim et al. (2008) reported that supplementation of 

2 g cyc-methionine/d resulted in significantly higher total body gain and average daily gain 

compared to control. Anandan et al., 1999 found significantly higher weight gain in the 

Cheghu crossbred kids fed the probiotics supplement (curds) orally @ 15ml/d compared to 

the control (4.37 versus  3.15 kg and 44.6 versus 32.1g/d) indicating that curds as probiotics 

may be supplemented for the improvement of growth performance of kids.  Probiotics 

enhanced digestion and feed FCR and improved weight gain in small ruminants (Robinson, 

2002). 

Average daily weight gain was higher (1.46 versus 1.40 kg/d) in cattle fed diet 

supplemented with Lactobacillus acidophilus (Ware et al., 1988). Roth et al. (1992) observed 

significantly improved weight gain in veal calves fed mixture with added probiotics Bacillus 

cereus in the fattening experiment. Similar pattern in weight gain was also observed by 

Swinney-Floyd et al. (1999). Increased daily gain and better FCR was observed in calves fed 

diets containing probiotics Probios® and Streptococcus faecium® (Strzetelski et al., 1998; 

Gill et al. 1987). Higher weight gain in ruminant might be due to more cellulolytic activity  

resulting in improved fiber degradation (Russell and Wilson, 1996) because of reduced 

activity of more ammonia producing microbes that made the protein available for absorption 

at  post-ruminal level (Chaucheyras-Durand et al., 2008). In conclusion, supplementation of 

probiotics to the basal diet is effective and may be helpful to improve growth performance of 

the ruminants. 

Efficiency of feed utilization improved in growing lambs fed diets supplemented with 

probiotics (pioneer PDFM® ) which indicated the biological changes in rumen (Antunovicc et 

al., 2005) Antunovicc et al. (2006) also  reported better efficiency of feed utilization in lambs 

fed diets with probiotics compared to the diets without probiotics but the differences were 

statistically non significant. Better efficiency of feed utilization was also noted in lambs fed 

diets containing Probios® during the 1st two weeks and from 2nd to 4th week (Pond and 

Goode, 1985). 

Roth et al. (1992) obtained better FCR in veal calves fed mixture with added 

probiotics Bacillus cereus in the fattening trial. Haddad and Goussous (2005) found that the 
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supplementation of yeast culture (YC; Diamond V® YC) in Awassi lambs resulted in better 

FCR. While, Kilj et al. (2004) noticed no change in  FCR in pigs fed diets supplemented with 

probiotics, Jang et al. (2009) noticed that the probiotics supplementation to the basal diet 

tended to improve FCR. Mutassim et al. (2008) found that supplementation of 2 g cyc-

methionine/lamb/d showed better FCR compared to control, indicating that feeding Awassi 

lambs yeast and methionine in the form of cyc-methionine with low level of 2 g/d improves 

the efficiency of feed utilization. Contrary to this, Kiesling et at. (1982) administrated 

Lactobacillus culture orally to cattle during a 28 day period and found no difference in FCR. 

Swiney-Floyd et al. (1999) fed Propionibacterium and Lactobacillus spp. independently or in 

a combination and reported that FCR did not differ among various treatments. In conclusion, 

supplementation of probiotics in the diet of ruminant animals improved FCR resulting in 

better gain.  

 

Effect of probiotics supplementation on carcass characteristics 

Galyean et al. (2000) reported higher HCW in beef steers in response to probiotics 

supplementation. Cassava waste diets treated with probiotics resulted in higher carcass 

weight as compared to the placebo (Belewu and Jimoh (2005). Similarly, Huck et al. (2000) 

also reported higher carcass weights in response to probiotics supplementation in heifers. 

However, no changes were observed in weights and proportions of carcass cuts in response 

to probiotics supplementation (Titi et al., 2008). Similarly, Whitley et al. (2009) reported that 

carcass weight and weights of various cuts (shoulder, loin, leg etc.) remained unaltered by 

probiotics supplementation in meat goat. Probiotics supplementation to finishing diets didn’t 

influence carcass characteristics of ruminants (Kiesling et al., 1982). Likewise, Swiney-Floyd 

et al. (1999) observed no change in meat characteristics by feeding Propionibacterium and 

Lactobacillus spp. independently or in a combination, in cattle. Belewu and Jimoh (2005) 

found no effect of probiotics supplementation on the weights of lungs, heart and kidney. 

Mutassim et al. (2008) reported that supplementation of 2 g cyc-methionine/ lamb/d 

showed significantly higher DP compared to the control diet. Similar findings were reported 

by (Belewu and Belewu 2005) in goats supplemented with probiotics. Likewise, 

Abdelrahman and Hunaiti (2008) noticed higher DP by lambs fed diets supplemented with 

probiotics. However, in ruminants lactate-utilizing or lactate-producing bacteria didn’t affect 
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the marbling and DP (Ware et al., 1988). However, higher (2%) values for back fat thickness 

in response to probiotics supplementation in goats, as compared to control were reported by 

Whitley et al. (2009). Similarly, Pelicano et al., (2005) reported 11.6% higher values for fat 

in animals supplemented with probiotics. This change in body fat may because of changes in 

VFAs resulting in lipogenesis and fat distribution in different tissues of the body (Elam et al., 

2003). 
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         CHAPTER-III 

 

Growth Performance of Male Kajli Lambs as Influenced by 

Different Protein Sources with or without Probiotics during post-

weaning period 

 

 

Abstract 

Thirty two post weaned male Kajli lambs at three months of age were randomly divided into 

eight groups of four animals each in a 4×2 factorial arrangement to study the effect of 

different protein sources with or without probiotics on the nutrient intake and their 

digestibility, blood metabolites, serum minerals, N-balance, haematology and growth 

performance. Four iso-caloric (70% total digestible nutrients) and iso-nitrogenous (22% 

crude protein) diets were formulated using different protein sources: corn gluten meal 30% 

(CGM), canola meal (CM), cotton seed meal (CSM) and sunflower meal (SFM) with (50g 

/ton) or without probiotics. Dry matter and CP intake was higher (P<0.05) in lambs fed CM 

diet compared to animals fed CSM, CGM and SFM diets. Dry matter, CP, NDF and ADF 

digestibility was also higher (P<0.05) in lambs fed CM diets than those fed CGM, CSM and 

SFM diets. Diets containing probiotics didn’t influence (P>0.05) DM, CP, NDF and ADF 

intakes. Digestibility of DM and CP remained the same (P>0.05). However, NDF and ADF 

digestibility was significantly (P<0.05) higher (13.12 and 6.72%, respectively) in lambs fed 

diets containing probiotics. Blood urea nitrogen (BUN), creatinine and serum minerals were 

unaltered (P>0.05) in lambs fed diets containing different protein sources with or without 

probiotics. However, blood glucose was higher (P<0.05) in lambs fed CM diets than those 

fed CGM, CSM and SFM diets. Haemoglobin (Hb), haematocrit (PCV), mean corpuscular 

haemoglobin concentration (MCHbC), mean corpuscular volume (MCV), mean corpuscular 

haemoglobin (MCHb), total white blood cells count (TWBCC), total red blood cells (TRBC), 

lymphocytes, monocytes, eosinophils, pre-mature white blood cells (PMWBC), basophils, 

neutrophils and platelets remained unaltered (P>0.05) in lambs fed different protein source 
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diets. However, Hb, MCHBC, TWBCC and platelets were higher (P<0.05) in animals fed 

diets containing probiotics than those fed without probiotics. Higher N-intake and N-

retention (13.1%) was observed in lambs fed CM diets and lowest in lambs fed SFM diet.  

However, faecal N and urinary N as percent of intake remained unaltered (P>0.05) across all 

the treatments. Similarly, lambs fed diets containing probiotics didn’t influence (P>0.05) N-

intake, N-balance and fecal and urinary N. Higher (29.82%) total weight gain (P<0.05) was 

observed in lambs fed CM diet and lowest in the lambs fed SFM diet. However, addition of 

probiotics didn’t influence (P>0.05) the total weight gain and FCR. The lambs fed CM diet 

had better growth performance than those fed CGM, CSM and SFM diets. However, addition 

of probiotics did not improve weight gain. 

 

Introduction 

Pakistan is blessed with a variety of sheep breeds that are well adapted to different 

climatic regions and contribute significantly to meet animal protein needs of ever growing 

human population in the country (Anonymous, 2005). Growing lambs require less feed and 

place to produce similar quality and quantity of meat compared with large ruminants. 

However, sheep are mainly raised by nomads where animals are basically fed on crop stubs, 

weeds, and grasses (Ensminger and Olentine, 1978). These feed stuffs have poor feeding 

value and hardly provide sufficient nutrients to attain the optimum growth of grazing animals. 

Grazing animals travel long distance in search of feed which increases their maintenance 

requirements which otherwise may be utilized to improve their growth performance if they 

are stall fed (Blaxter, 1967). Stall fed sheep not only get required nutrient according to their 

needs, but also eliminates the risk of excess or deficiency of any nutrient. So, weight gain of 

growing lambs can be enhanced if their nutritional requirements are adequately met. This can 

be obtained by replacing grazing system with high input feeding system. This may not only 

ensure the judicious use of available feed resources but it may also be cost effective.  

Sheep productivity raised on feedlot system can further be enhanced by using 

performance modifiers like probiotics. Increased feed efficiency and enhanced growth 

performance in farm animals fed diets containing probiotics have been reported by Oyetayo 

and Oyetayo (2005). The exact mechanism by which probiotics function is not known, 

however, they increase ruminal pH (Umberger and Notter, 1989), total VFAs and bacterial 
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biomass (Newbold et al., 1996) and thus influence the cellulolytic activity and microbial 

protein and fibre degradation (Martin and Nisbet, 1990; Yoon and Stern, 1995). Improved 

weight gain in animals has also been reported by probiotic supplementation (Dunne et al., 

1999).  

Growth performance of small ruminants is influenced by many factors. Dietary CP 

concentration and its source have been reported to influence nutrients intake (Köster et al., 

1996) and weight gain (Clanton and Zimmerman, 1970) in ruminants. Protein coming from 

different sources may contribute differently (Urbaniak, 1995). This underlines the importance 

of protein source while formulating ration for ruminant animals. However, scientific 

information regarding the influence of different protein sources on growth performance of 

growing lambs in tropical countries is limited. Therefore, the present study was planned to 

examine the influence of different vegetable protein sources with or without probiotics on the 

nutrient intakes and their digestibility, growth performance, blood chemistry and N-balance 

at post weaning stage of Kajli male lambs from day 91 to 180. 

    

Materials and Methods 

 

Experimental Diets and Lambs Husbandry 

Thirty two male Kajli lambs of three months age were randomly divided into eight 

groups of four animals each in a two factor factorial (4 x 2) arrangement to study the effect of 

different protein sources with or without probiotics (Protexin®) on the nutrients intake and 

their digestibility, growth performance, blood chemistry and N-balance. The two factors were 

protein sources (Canola meal, cotton seed meal, corn gluten meal 30% and sunflower meal) 

and probiotic level (0 and 50g/ton). The lambs were fed isocaloric (70% TDN) and 

isonitrogenous (22% CP) diets formulated using different protein sources according to NRC 

(1985) requirements (Table.3.1). The diets containing CGM, CM, CSM and 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.  
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Growth Performance Study 

The growth trial lasted for 90 days including a fifteen days feed adjustment period. 

Lambs were offered experimental diets (Table 3.1) twice a day. 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/d) by 

weight gain (g/d). The DM, CP, NDF and 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 (Nisa et al., 2004). The 

digestibility trial was conducted for 5 days after each 20 days. Three 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% H2SO4 to prevent any N losses. Total feces and urine voided 

by individual animal was weighed daily and composited by animal and stored at -20oC for 

further analysis. At the end of each collection period, the samples were thawed. Fecal 

samples were dried at 55oC and ground through 1-mm screen. Feed and fecal samples were 

analyzed for ADF and NDF following the procedure of 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 after the last feeding 

on this trial. Blood sample (10 mL from each lamb) was collected by puncturing jugular vein; 

2mL was collected into the vaccutainers each containing 81L of 15% EDTA (anticoagulant) 

solution, while 8mL was collected in test tube to harvest the serum for further analysis. 

Plasma samples were separated and frozen at -20°C within 60 minutes of collection. 

Blood samples were analyzed for plasma glucose, BUN (Bull et al., 1991) and 

creatinine according to method described by Davies et al. (2007). Serum minerals were 

determined following procedures described by AOAC (1990). Haematological analyses 

(complete blood count) was done using blood analyzer (NIHON KOHDEN Japan). 
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Statistical Analysis 

The data thus collected were analyzed using the General Linear Model (GLM) 

procedure of SAS (1998) using 4×2 factorial arrangement in a completely randomized design. 

The Model statement was: 

Y = µ + PSi + PRj +(PS x PR) ij + eijk 

Where Y = any of dependent variable tested in the study; µ = overall mean, PSi = 

protein sources: either CM, CGF, CSM or SFM;  PR j = level of probiotic either 0 or 50g /ton;  

( PS x PR) ij = interaction between protein source and probiotic level; and eijk = residual error. 

The means were compared using the Least Significant Difference option of GLM 

procedure and declared significant at P < 0.05.  

 

Results 

 

Nutrient Intake and Digestibility 

 Dry matter and CP intake by lambs fed CM diet was higher (P<0.05) and NDF and 

ADF intake was lower than lambs fed SFM and CSM diets, respectively (Table 3.2). Dry 

matter, CP, NDF and ADF digestibility was significantly different across all treatments. 

However, DM, CP, NDF and ADF intake by lambs fed diets with or without probiotics 

remained unaltered. However, NDF and ADF digestibility was higher in lambs fed diets 

containing probiotics. There was no interaction between protein sources and probiotic level 

(Table 3.2). 

 

Blood Metabolites 

No difference (P>0.05) was noticed in BUN concentration due to protein sources and 

probiotoc level. (Table-3.3). Blood glucose concentration was different (p<0.05) across all 

diets. It also differed in animals fed diets containing probiotics. The interaction of protein 

sources and probiotics also influenced (p<.05) blood glucose concentration. While, creatinine 

remained unaltered (P>0.05) across all the treatments. 
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Table.3.1.   Ingredient composition of experimental diets 

 

Items 

Diets1 

CGM CM CSM SFM 

P0 P1 P0 P1 P0 P1 P0 P1 

Maize 27.15 27.15 31.82 31.82 17.58 17.58 20 20 

Rice polishing 3 3 7.15 7.15 18.5 18.5 18 18 

Wheat Bran 9 9 6.05 6.05 4.45 4.45 8 8 

Wheat Straw 11.73 11.73 10.09 10.09 14.47 14.47 4.5 4.5 

Sunflower meal 0 0 0 0 0 0 37 37 

Canola meal 0 0 30.29 30.29 0 0 0 0 

Cotton seed meal 0 0 0 0 30 30 0 0 

Maize Oil 0 0 4.6 4.6 5 5 3.5 3.5 

Corn gluten meal (30%) 37.8 37.8 0 0 0 0 0 0 

Molasses 6.32 6.32 5 5 5 5 4 4 

Urea 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 21.98 21.98 22.01 22.01 22.04 22.04 21.96 21.96 

Dry matter 89.55 89.55 89.07 89.07 90.026 90.026 90.871 90.871 

Total digestible 
nutrients 

69.96 69.96 70.01 70.01 70.1 70.1 69.70 69.70 

Neutral detergent fiber 16.86 16.86 24.86 24.86 26.15 26.15 39.36 39.36 

Acid detergent fiber 13.25 13.25 14.66 14.66 18.3 18.3 15.1 15.1 

Calcium 0.59 0.59 0.75 0.75 0.60 0.60 0.67 0.67 

Phosphorus 0.83 0.83 1.01 1.01 1.12 1.12 1.15 1.15 

Potassium 0.73 0.73 1.01 1.01 1.24 1.24 1.06 1.06 

Chloride 0.85 0.85 0.81 0.81 0.83 0.83 0.81 0.81 

Sulfur 0.27 0.27 0.48 0.48 0.24 0.24 0.22 0.22 

 
1CGM, CM, CSM and SFM stand for corn gluten meal, canola meal, cotton seed meal and sunflower meal, 

respectively. P0= 0 probiotics and P1= 50g/ton probiotics. 
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Table.3.2. Effect of different protein sources with or without probiotics on nutrient intake and their digestibility in post-

weaned Kajli male lambs 

 

Items 

Diets1 

SE 

Significance 

CGM CM CSM SFM 
A B AB 

P0 P1 P0 P1 P0 P1 P0 P1 

Nutrients Intake, g/d 

Dry matter 773.4 788.5 794.2 806.6 757.0 772.1 714.4 724.4 12.7 * NS NS 

Crude protein 170.2 173.5 174.7 177.5 166.5 169.9 157.2 159.4 2.8 * NS NS 

Neutral detergent fibre 130.3 132.9 197.4 200.5 198.0 201.9 281.2 285.1 3.3 * NS NS 

Acid detergent fibre 102.5 104.5 116.4 118.2 138.5 141.3 107.9 109.4 2.0 * NS NS 

Nutrient Digestibility, % 

Dry matter 64.0 65.8 68.8 69.5 64.5 65.5 59.5 60.3 1.0 * NS NS 

Crude protein 70.1 70.8 71.1 71.4 70.5 70.9 68.0 68.3 0.3 * NS NS 

Neutral detergent fibre 52.5 57.8 54.1 59.7 52.3 57.2 47.9 52.7 0.2 * * NS 

Acid detergent fibre 40.3 46.7 41.8 48.6 42.6 46.4 39.0 45.7 0.8 * * NS 

 
1CGM, CM, CSM and SFM stand for corn gluten meal, canola meal, cotton seed meal and sunflower meal, respectively. P0= 0 probiotics and P1= 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).  
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Table.3.3. Effect of different protein sources with or without probiotics on blood metabolites in post-weaned Kajli male 

lambs 

 

Items 
(mg/dl) 

Diets1 

SE 

Significance 

CGM CM CSM SFM 
A B AB 

P0 P1 P0 P1 P0 P1 P0 P1 

Blood urea nitrogen 21.1 21.5 21.2 21.6 21.3 21.7 21.4 21.8 0.7 NS NS NS 

Blood Glucose 62.0 63.0 62.1 64.3 51.9 54.0 59.0 60.1 0.1 * * * 

Creatinine 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.0 NS NS NS 

 
1CGM, CM, CSM and SFM stand for corn gluten meal, canola meal, cotton seed meal and sunflower meal, respectively. P0= 0 probiotics and P1= 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).  
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Serum Minerals 

Serum minerals (Ca, P, Na, Cl, K and Mg) remained unaltered (P>0.05) due to protein 

source or probiotic level (Table.3.4). No interaction was observed between protein sources and 

probiotics level (P>0.05) on serum minerals concentration (Table.3.4.).  

 

Haematology 

Haemoglobin (Hb), PCV, MCHbC, MCV, MCHb, total white blood cells count 

(TWBCC), TRBC, lymphocytes, monocytes, eosinophils, pre-mature white blood cells 

(PMWBC), basophils, neutrophils and platelets in Kajli lambs were not affected by protein 

source. However, Hb, MCHBC, TWBCC and platelets were higher (P<0.05) in lambs fed diets 

containing probiotics than those without it. Interaction between the protein sources and 

probiotics was non-significant (Table.3.5). 

 

Nitrogen Balance 

Nitrogen intake by lambs differed (P<0.05) across all diets (Table.3.6). Maximum N 

intake was noticed in lambs fed CM diet and was lowest in lambs fed SFM diet. Addition of 

probiotics did not influence (P>0.05) N intake by lambs. No interaction was observed between 

protein sources and probiotics level. Fecal and urinary N was not affected (P>0.05) either by 

protein source or probiotic level. Nitrogen balance was different across all diets (Table.3.6). 

Maximum N was retained by lambs fed CM diet, and lowest in lambs fed SFM diet. However, 

addition of probiotics had no influence on N balance. No interaction was observed between 

protein sources and probiotics level  

 

Growth Performance 

Total weight gain by lambs was different (p<0.05) across all diets. Highest weight gain 

was observed in lambs fed CM diet and lowest on SFM diet. However, no increase in total 

weight gain was observed in lambs due to addition of probiotics in their diets. The FCR 

remained unchanged across all treatments (Table.3.7). 
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Table.3.4. Effect of different protein sources with or without probiotics on serum minerals in post-weaned Kajli male lambs 

 

Items 
(mg/dl) 

Diets1 

SE 

Significance 

CGM CM CSM SFM 
A B AB 

P0 P1 P0 P1 P0 P1 P0 P1 

Ca 8.6 9.4 9.0 9.3 9.2 9.3 8.8 10.0 0.7 NS NS NS 

P 7.5 7.7 6.7 6.8 6.9 7.0 6.8 7.1 0.5 NS NS NS 

Na 141.3 146.8 146.1 147.8 136.9 151.3 140.2 149.3 5.4 NS NS NS 

Cl 105.6 106.4 105.4 104.6 105.9 107.8 106.9 105.8 1.5 NS NS NS 

K 4.6 5.2 5.0 4.9 5.3 5.1 5.0 5.1 0.6 NS NS NS 

Mg 2.6 2.7 2.6 3.0 2.4 2.4 2.7 2.5 0.2 NS NS NS 

 
1CGM, CM, CSM and SFM stand for corn gluten meal, canola meal, cotton seed meal and sunflower meal, respectively. P0= 0 probiotics and P1= 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).  
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Table.3.5. Effect of different protein sources with or without probiotics on haematology in post-weaned Kajli male lambs 

 

Items 

Diets1 

SE 

Significance 

CGM CM CSM SFM 
A B AB 

P0 P1 P0 P1 P0 P1 P0 P1 

Haemoglobin (g/dl) 7.7 7.9 8.3 8.4 7.8 9.3 8.0 8.3 0.3 NS * NS 

Haematocrit (%) 26.8 27.0 26.2 27.0 26.3 26.5 26.3 26.4 0.4 NS NS NS 

TRBC (m/l) 9.2 9.3 9.2 9.3 9.1 9.3 9.2 9.4 0.1 NS NS NS 

MCV (F1) 45.1 45.0 44.8 45.2 44.2 44.3 44.6 44.5 0.5 NS NS NS 

MCHb (Pg) 12.5 12.5 12.4 12.5 12.3 12.2 11.9 12.3 0.6 NS NS NS 

MCHbC (g/dl) 26.5 28.6 25.4 29.3 26.2 29.0 26.9 28.9 0.6 NS * NS 

T WBCC (k/l) 10.1 12.4 11.8 13.4 10.7 12.4 11.1 12.1 0.9 NS * NS 

Neutrophils (%) 43.9 44.7 44.1 44.5 44.0 44.1 44.8 44.7 0.8 NS NS NS 

Lymphocytes (%) 54.3 55.4 54.5 55.3 54.3 55.0 54.8 55.1 0.8 NS NS NS 

Monocytes (%) 0.003 0.004 0.002 0.004 0.002 0.003 0.003 0.005 0.05 NS NS NS 

Eosinophils (%) 0.248 0.25 0.251 0.252 0.254 0.25 0.249 0.252 0.25 NS NS NS 

PM WBC (%) 0.25 0.251 0.234 0.267 0.25 0.252 0.252 0.257 0.23 NS NS NS 

Basophils (%) 0.25 0.27 0.21 0.23 0.264 0.285 0.273 0.275 0.24 NS NS NS 

Platelets (k/l) 703 717 705 714 701 718 712 709 1.39 NS * NS 

 
1CGM, CM, CSM and SFM stand for corn gluten meal, canola meal, cotton seed meal and sunflower meal, respectively. P0= 0 probiotics and P1= 50g/ton 

probiotics. SE = standard error. TRBC=Total Red Blood Cell, MCV=Mean Corpuscular Volume, MCHb=Mean Corpuscular Haemoglobin, TWBCC=Total 

white Blood Cell Count, MCHbC= Mean Corpuscular Haemoglobin Concentration, PMWBC= Premature white blood cells. 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). 
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Table.3.6. Effect of different protein sources with or without probiotics on nitrogen balance in post-weaned Kajli male 

lambs 

 

Items 
(g/day) 

Diets1 

SE 

Significance 

CGM CM CSM SFM 
A B AB 

P0 P1 P0 P1 P0 P1 P0 P1 

N intake 27.2 27.8 28.0 28.4 26.6 27.2 25.1 25.5 0.5 * NS NS 

Faecal N 8.14 8.10 8.09 8.12 7.86 7.91 7.57 7.56 0.48 NS NS NS 

Urinary N 0.154 0.150 0.157 0.159 0.158 0.156 0.155 0.157 0.02 NS NS NS 

N Balance 18.9 19.5 19.7 20.1 18.6 19.1 17.4 17.8 0.6 * NS NS 

 
1CGM, CM, CSM and SFM stand for corn gluten meal, canola meal, cotton seed meal and sunflower meal, respectively. P0= 0 probiotics and P1= 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).  
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Table.3.7. Effect of different protein sources with or without probiotics on growth performance in post-weaned Kajli male 

lambs 

 

Items 

Diets1 

SE 

Significance 

CGM CM CSM SFM 
A B AB 

P0 P1 P0 P1 P0 P1 P0 P1 

Initial Wt (kg) 12.3 12.5 13.6 14.3 11.5 12.8 12.0 12.2 0.8 NS NS NS 

Final Wt (kg) 24.7 26.4 27.1 29.1 23.6 25.2 22.8 23.2 0.9 * * NS 

Daily gain (g) 138.3 154.9 150.4 164.9 134.8 138.3 119.9 122.3 14.5 * NS NS 

Weight gain (kg) 12.5 13.9 13.5 14.8 12.1 12.5 10.8 11.0 1.3 * NS NS 

Feed conversion ratio 5.59 5.09 5.28 4.89 5.62 5.58 5.96 5.92 0.69 NS NS NS 

 
1CGM, CM, CSM and SFM stand for corn gluten meal, canola meal, cotton seed meal and sunflower meal, respectively. P0= 0 probiotics and P1= 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). 
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Discussion 

 

Nutrient intake 

Increased DMI by animals fed CM diet has also been reported by Baile and Forbes 

(1974). Wiese et al. (2003) also reported higher DM intake in lambs fed CM diet than those 

fed lupin and urea diets. They further stated that higher DMI in lambs fed CM diet might be 

attributed to better availability of nutrients and their readily digestion by rumen microbes. 

Baile and Forbes (1974) also reported higher DMI intake due to better digestibility.  The 

higher DMI by lambs fed CM diet in this study might be due to better digestibility and more 

rapid rumen passage rate (Mertens, 1977). Lower DMI in lambs fed SFM diet than those fed 

on CM, CSM and CGM diets was because of their high dietary NDF content because high 

dietary NDF has been reported to limit DMI (Gozho and Mutsvangwa, 2008). Similar 

findings have been reported by Yagoub and Talha (2009) who reported increased feed intake 

by lambs fed diets with groundnut meal when replaced with decorticated SFM. Carneiro et al. 

(2006) also reported similar results. 

Garcia et al. (2000) reported no change in DMI in sheep fed probiotics supplemented 

diet. Similar results have been reported by other researchers (Titi et al., 2008; Haddad and 

Goussous, 2005) who observed no change in DMI due to addition of probiotic. Mohamed et 

al. (2009) stated that probiotics supplemented diets had no effect on nutrient intakes. 

Unaltered DMI by lambs fed diets with probiotics may be because of its adhesion property. A 

maximum adhesion of probiotics to the ruminal epithelium is required for the desirable 

changes in ruminal microflora (Oyetayo and Osho, 2004). Effect of probiotics 

supplementation is also dependent on diet composition. The unchanged effect of probiotics 

supplementation in this study may because of nutrient rich diets which might have already 

provided sufficient nutrient to the animal, because the probiotics have been known to 

improve the utility of high energy and low protein diets (Jouany et al., 1998)  

 

Nutrient Digestibility 

Higher DM digestibility by lambs fed CM diet might be its lower NDF contents, as 

higher NDF contents have been reported to limit DM intake and digestibility (Staples et al., 

1983). Furthermore, CM diet had 0.34 % S and it is essential for the growth of rumen 
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microbes to synthesize S-containing amino acids and vitamin (biotin). Both of these might 

have improved ruminal microbial proliferation (Sniffen and Robinson, 1987) and 

subsequently increased DM digestibility. Unaltered effect of probiotics supplementation on 

DM and CP digestibility might be due to low dose of probiotics which was insufficient to 

alter ruminal fermentation (Fiem et al., 1993). Other workers (Antunovic et al., 2005; 2006; 

Whitley et al., 2009) reported similar findings. Similarly Carro et al. (2006), Hernandez et al. 

(2009) and Yoon and Stern (1996) also reported non-significant effect of probiotics 

supplementation on protein digestibility. 

Higher fiber (NDF and ADF) digestibility in probiotics supplemented diets may be 

attributed to increased ruminal pH which ultimately improved ruminal fermentation 

(Chaucheyras-Durand et al., 2008). Krehbiel et al. (2003) reported that probiotics improved 

fiber digestibility. Analogous findings were reported by El-Waziry and Ibrahim (2007) who 

observed significantly higher NDF and ADF digestibility by animals fed diets containing 

probiotics. The probiotics supplementation has enhanced microbial proteins synthesis which 

resultantly increased cellulolytic activity (Yoon and Stern, 1995).  

 

Blood Metabolites 

Lack of response in BUN to the different protein sources is supported by Rusche et al., 

1993; Carro et al., 2006 and   Davies et al., 2007. Unaltered results for BUN concentration 

observed in lambs fed diets supplemented with probiotics were supported by Antunovic et al. 

(2005), who reported no change in BUN concentration in lambs fed diets supplemented with 

or without probiotics. Similarly serum creatinine concentration did not change in animals fed 

diets containing probiotics (Antunovic et al., 2006). 

The higher concentration of blood glucose in lambs fed CM diet might be due to 

raised hepatic enzyme levels responsible for gluconeogensis (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). 

Higher blood glucose concentration observed in lambs fed diets supplemented with 

probiotics might be attributed to more nutrient digestibility resulting in increased precursor 

availability for gluconeogenesis. However, the results of the present study are not supported 
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by Antunovic et al. (2005) who reported non-significant but slightly lower glucose 

concentration in lambs fed diets supplemented with probiotics. 

 

Serum Minerals 

The unchanged serum minerals (Ca, P, K, Na, Mg and Cl) across different protein 

source diets were supported by Hatfield (1998) and Cole (1992). Unchanged serum minerals 

in lambs fed diets supplemented with or without probiotics were also supported by 

Antunovic et al. (2005) and Masek et al. (2008). 

 

Haematology 

Unaltered Hb, MCHCB, TWBCC, neutrophils, TRBC, basophils, monocytes, 

eosinophils and PMWBC concentration have indicated that various protein sources at same 

CP levels have no effect on the blood profile. Nelson and Watkins (1967) also reported that 

protein source did not influence blood profile. The WBC, lymphocytes, neutrophils, Hb and 

MCV remained unaltered in animals fed different protein sources (Matras et al., 1991; 

Tripathi et al., 2007). This indicated that homeostatic mechanism is hardly affected by 

protein source. Increased Hb and MCHb values might be attributed to the probiotics which 

might have increased haematopoiesis. The results of present study are consistent with 

Onifade et al. (1999), who observed increased Hb and MCHb concnetrations in the animals 

fed diets containing probiotics. Increased WBC might be related to the production of more 

immune cells (Lafleur-Brooks, 2008) that play an important role in defending the biological 

system against different diseases (Scholm et al., 1975). Paryad and Mahmoudi (2008) also 

reported higher WBC in animals fed different levels of probiotics than those fed diets without 

probiotics. The increased platelets count in the present study is endorsed with the findings of 

Aboderin and Oyetayo (2006), who reported increased platelets count with increasing level 

of probiotics. 

 

Nitrogen balance 

The highest N-intake in lambs fed CM is due to higher DM and CP intake. This might 

be because of better ruminal fermentation which consequently has enhanced microbial flow 

down the gut (Haddad et al., 2001). Phillips and Rao (2001) reported similar results. 



 44

Unaltered faecal nitrogen among lambs given different protein source diets was consistent to 

the findings of Knowlton et al. (2001) who reported that faecal nitrogen remained unchanged 

by varying protein sources. Increased urinary N in lambs fed CSM diets might be due to the 

intestinal absorption of amino acids in excess of tissue requirements or ammonia absorbed 

across the ruminal wall (Williams et al., 1991). Higher N retained by lambs fed CM diet may 

have resulted from higher N intake and digestibility. Higher N-balance might possibly be an 

outcome of more available N to the ruminal microbes enhancing ruminal fermentation 

(Legleiter et al., 2005). However, the results of the present study are contrary to the findings 

of other researchers (Merchen et al., 1987; Milis et al., 2005) who reported no effect of 

dietary protein source on N retention or N balance. Lower N retained in lambs fed CSM and 

SFM diets is because of reduced DM and digestibility of N (Woods et al., 1962). 

The increased tendency in N intake in lambs fed diets containing probiotics is a 

consequence of high DM intake.  N-balance was not influenced by addition of probiotic. This 

may be due to lower probiotic dose and  insufficient number of cells required for alteration in 

ruminal fermentation (Fiem et al., 1993). The results of the present study are corroborated by 

the findings of other researchers (Tripathi et al., 2007; Han, 2008; Hernandez et al., 2009), 

who reported non-significant differences in faecal and urinary N and N balance in probiotic-

supplemented group. 

 

Growth performance  

Higher weight gain in lambs fed CM diet was because of higher nutrients intake and 

their digestibility and N-balance than those fed CGM, CSM and SFM diets. Increased 

nutrient digestibility in lambs fed CM diet reflects better rumen fermentation. This might 

have favored improved VFAs production and amino acid supply from rumen microbial 

protein at post ruminal level (Salter et al., 1979). Furthermore, dietary protein escaping 

rumen fermentation in lambs fed CM diet had better amino acid profile (Brown et al., 1991). 

These amino acids play significant role in biosynthetic activities involved in muscle accretion. 

Higher nutrients intake and their digestibility, N-balance and post ruminal increased supply 

of amino acid quality and quantity are the possible reasons of higher weight gain in lambs fed 

CM diet compared to all other experimental diets. The results of the present study are 

consistent with the findings of Khan et al. (1997) who reported higher average daily gain in 
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lambs fed SBM and CM diets than those fed CSM diet. Brown (1990) reported that CM is 

relatively higher in most of the minerals, vitamins and S containing amino acids (Methionine 

and Cystine) that were mainly required for protein synthesis, reflecting better growth 

performance. Lower weight gain observed in lambs fed SFM diets is due to lower intake and 

digestibility. Difference in weight gain might be due to varying extent of ruminal degradation 

of protein sources (Gleghorn et al., 2004), which in turn leading to different amino acid 

supplies (Urbaniak, 1995). The present study is also supported by many researchers 

(Merchen et al., 1987; Douff et al., 1988; Ludden et al., 1995), who reported that different 

sources of protein show varied growth rate at similar protein levels. 

The lambs fed CM diet showed better FCR that might be due to proper coupling of 

nutrients at ruminal level (Kabir et al., 2004) and improved weight gain of lambs fed CM diet. 

The results of present study are concordant with Khan et al. (1997), Waller et al. (1980) and 

Klopfenstein et al. (1978) who reported an improved feed efficiency in lambs fed CM and 

SBM as compared to those fed CSM.  

The lack of effect on daily weight gain of lambs fed diets containing probiotics might 

be nutrient rich diets (Jang et al., 2009). Robinson et al. (2002) reported that probiotics did 

not improve daily weight gains in lambs. Similar results were reported by Titi et al. (2008) 

and Torres-Rodriguez et al. (2007). 
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         CHAPTER-IV 

 

Growth Performance of Kajli Male Lambs as Influenced by 

Vegetable Protein Sources With or Without Probiotics 

 

 

Abstract 

Thirty two lambs, at the age of six months, used in the trial I were re-randomized and divided 

into eight groups of four animals each in a 4×2 factorial arrangement to study the effect of 

different protein sources with or without probiotics on the nutrient intake and their 

digestibility, blood metabolites, serum minerals, N-balance, haematology and growth 

performance. Four iso-caloric (70% total digestible nutrients) and iso-nitrogenous (18% 

crude protein) diets were formulated using different protein sources ( corn gluten meal 30% 

(CGM), canola meal (CM), cotton seed meal (CSM) and sunflower meal (SFM) with (50g 

/ton) or without probiotics. Dry matter and CP intake was higher (P<0.05) in lambs fed CM 

diet, whereas NDF and ADF intake was 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 didn’t influence (P>0.05) DM, CP, NDF and ADF 

intake and digestibility of DM and CP. However, addition of probiotics increased (P<0.05) 

NDF and ADF digestibility (9.0 and 9.56%, respectively). Blood urea nitrogen (BUN), 

creatinine and serum minerals remained unaffected (P>0.05) in lambs fed diet containing 

different protein sources, while blood glucose was significantly (P<0.05) higher in lambs fed 

CM diets. Addition of probiotics did not change (P>0.05) BUN, blood glucose, creatinine 

and serum minerals. Haemoglobin (Hb), haematocrit (PCV), mean corpuscular hemoglobin 

concentration (MCHbC), total white blood cells count (TWBCC), premature white blood 

cells (PMWBC), lymphocytes, monocytes, eosinophils and basophils remained unchanged 

(P>0.05) in lambs fed diets containing different protein sources, however, total red blood 

cells (TRBC), mean corpuscular hemoglobin (MCHb), mean corpuscular volume (MCV), 

neutrophils and platelets differed significantly (P<0.05). Addition of probiotics did not affect 
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(P>0.05) haemoglobin, PCV, MCV, MCHb, MCHbC, TWBCC, PMWBC, neutrophils, 

lymphocytes, monocytes, eosinophils, basophils and platelets however, TRBC was 

influenced (P<0.05) by probiotics. N-intake and N-balance were different (P<0.05) in lambs 

fed diets containing different protein sources. The lambs fed CM diets showed higher N- 

intake and N-balance (14.56%) than those fed CGM, CSM and SFM diets.  However, fecal 

and urinary N remained unaltered (P>0.05) across all the treatments. Diets containing 

probiotics didn’t influence (P>0.05) N-intake and N-balance. Highest (P<0.05) weight gain 

was observed in lambs fed CM diet, and lowest in lambs fed SFM diet. Similarly, higher 

weight gain was noticed in lambs fed diets containing probiotics. 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. Similarly, diets containing probiotics influenced 

the growth performance of growing lambs. 

 

Introduction 

Sheep are numerically and socio-economically important animals in Pakistan and 

provide quality animal proteins for human consumption. More than twenty sheep breeds are 

found in Pakistan (Bhutto et al., 1993). 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. The low productivity of these animals is because of poor quality feed stuff (Sarwar et 

al., 2002). Their productivity can be enhanced by feeding them balanced ration. This is 

possible if we shift from grazing system to stall feeding system to young growing ruminants 

for meat. 

Some sporadic studies have been reported in which sheep were maintained under stall 

feeding (Khan et al., 1997; Irshaid et al., 2003). Sheep have the ability to produce quality 

carcass at the age of six months if fed diets with high proteins. Different protein sources have 

been known to increase nutrient intake and digestibility, enhanced rumen microbial enzyme 

production leading to improved weight gain (William et al., 1991).  
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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 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 4×2 factorial arrangement to 

study the effect of different protein sources with or without probiotics (Protexin®) on the 

nutrients intake and their digestibility, growth performance, blood chemistry and N-balance. 

The two factors were protein sources (Canola meal, cotton seed meal, corn gluten meal 30% 

and sunflower meal) and probiotic level (0 and 50g/ton).The lambs were fed isocaloric (70% 

TDN) and isonitrogenous (18% CP) diets formulated using different protein sources 

according to NRC (1985) requirements (Table.4.1). The diets containing CGM, CM, CSM 

and 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 fifteen days feed adjustment period. 

Lambs were offered experimental diets twice a day. 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/d) by weight 

gain (g/d). The DM, CP, NDF and 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 (Nisa et al., 2004). The 

digestibility trial was conducted for 5 days after each 20 days. Three digestibility trials were 
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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% H2SO4 to prevent any N losses. Total feces and urine voided 

by individual animal was weighed daily and composited by animal and these stored at -20oC 

for further analysis. At the end of each collection period, the samples were thawed. Fecal 

samples were dried at 55oC 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; 2mL was 

collected into the vaccutainers each containing 81L 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 minutes of collection. 

Blood samples were analyzed for plasma glucose, BUN (Bull et al., 1991) and 

creatinine according to method described by Davies et al. (2007). Serum minerals were 

determined following procedures described by AOAC (1990). Haematological analysis 

(complete blood count) was undertaken using blood analyzer (NIHON KOHDEN Japan). 

 

Statistical Analysis 

The data thus collected were analyzed using the GLM procedure of SAS (1998) using 

4×2 factorial arrangement in a completely randomized design. The Model statement was: 

Y = µ + PSi + PRj +(PS x PR) ij + eijk 

Where Y = any of dependent variable tested in the study; µ = overall mean, PSi = 

protein sources: either CM, CGF, CSM or SFM;  PR j = level of probiotic either 0 or 50g /ton;  

( PS x PR) ij = interaction between protein source and probiotic level; and eijk = residual error. 

The means were compared using the Least Significant Difference option of GLM 

procedure and declared significant at P < 0.05. 
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Table.4.1.   Ingredient composition of experimental diets 

 

Items 

Diets1 

CGM CM CSM SFM 

P0 P1 P0 P1 P0 P1 P0 P1 

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 

 
1CGM, CM, CSM and SFM stand for corn gluten meal, canola meal, cotton seed meal and sunflower meal, 

respectively. P0= 0 probiotics and P1= 50g/ton probiotics. 
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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 4.2). 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. 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 4.2). 

 

Blood Metabolites 

Blood urea nitrogen and creatinine (Table 4.3) were not affected (P>0.05) by protein source 

or probiotics level. Blood glucose concentration differed (P<0.05) across all protein source 

diets. 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 for BUN and creatinine, however, blood glucose concentration 

behaved differently(P<0.05). 

 

Serum Minerals 

Serum minerals Ca, P, Na, Cl, K and Mg were not influenced (P>0.05) by any dietary 

treatments (Table 4.4). 
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Table.4.2. Effect of different protein sources with or without probiotics on nutrient intake and their digestibility in 

growing Kajli male lambs 

 

Items 

Diets1 

SE 

Significance 

CGM CM CSM SFM 
A B AB 

P0 P1 P0 P1 P0 P1 P0 P1 

Nutrients Intake, g/d 

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

Crude protein 221.0 226.0 228.8 230.9 206.0 212.0 217.0 218.0 2.4 * NS NS 

Neutral detergent fibre 188.0 193.0 294.2 297.0 294.0 302.0 460.0 462.0 3.0 * NS NS 

Acid detergent fibre 135.0 138.0 178.7 180.4 107.0 110.0 222.0 223.0 1.8 * NS NS 

Nutrient digestibility, % 

Dry matter 66.0 68.5 69.5 70.5 65.3 66.5 60.7 61.9 2.4 NS NS NS 

Crude protein 68.6 69.3 69.8 69.9 69.5 69.8 67.9 68.3 1.3 NS NS NS 

Neutral detergent fibre 50.4 56.2 52.4 56.7 51.1 54.9 47.3 51.5 1.9 NS * NS 

Acid detergent fibre 42.9 48.2 43.8 47.6 45.5 48.0 42.4 47.5 2.2 NS * NS 

 
1CGM, CM, CSM and SFM stand for corn gluten meal, canola meal, cotton seed meal and sunflower meal, respectively. P0= 0 probiotics and P1= 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).  
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Table.4.3. Effect of different protein sources with or without probiotics on blood metabolites in growing Kajli male 

lambs 

 

Items 
(mg/dl) 

Diets1 

SE 

Significance 

CGM CM CSM SFM 
A B AB 

P0 P1 P0 P1 P0 P1 P0 P1 

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 54.2 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 

 
1CGM, CM, CSM and SFM stand for corn gluten meal, canola meal, cotton seed meal and sunflower meal, respectively. P0= 0 probiotics and P1= 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).  
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Table.4.4. Effect of different protein sources with or without probiotics on serum minerals in growing Kajli male 

lambs 

  

Items 
(mg/dl) 

Diets1 

SE 

Significance 

CGM CM CSM SFM 
A B AB 

P0 P1 P0 P1 P0 P1 P0 P1 

Ca 8.6 8.1 8.8 7.7 8.7 8.0 8.7 7.5 0.9 NS NS NS 

P 6.8 6.7 6.4 6.5 6.7 6.6 6.3 6.6 0.6 NS NS NS 

Na 133.1 132.3 138.8 136.8 143.0 131.1 141.0 134.5 9.7 NS NS NS 

Cl 101.6 101.1 100.3 100.8 101.3 102.1 102.3 101.8 4.7 NS NS NS 

K 4.4 4.2 4.0 4.5 4.8 4.7 4.3 4.8 0.6 NS NS NS 

Mg 2.1 2.4 2.2 2.3 2.0 2.1 2.2 2.3 0.4 NS NS NS 

 
1CGM, CM, CSM and SFM stand for corn gluten meal, canola meal, cotton seed meal and sunflower meal, respectively. P0= 0 probiotics and P1= 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). 
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Haematology 

Haemoglobin, PCV, MCHbC, TWBCC, PMWBC, lymphocytes, monocytes, eosinophils 

and basophils were not affected (P>0.05) by different protein sources. However, TRBC, MCHb, 

MCV, neutrophils and platelets differed significantly (P<0.05). 

Haemoglobin, PCV, MCV, MCHb, MCHbC, TWBCC, PMWBC, neutrophils, 

lymphocytes, monocytes, eosinophils, basophils and platelets were not affected (P>0.05) due to 

probiotics supplementation (Table 4.5). However, TRBC was influenced (P<0.05) by the 

addition of probiotics. 

Interaction between protein source and probiotics level was observed (P<0.05) for total 

red blood cells, MCV, MCHb, neutrophils and platelets. but not for Hb, PCV, MCHbC, TWBCC, 

lymphocytes, monocytes, eosinophils, PMWBC and basophils remained unaltered (Table 4.5).  

 

Nitrogen Balance 

Nitrogen intake in lambs (Table 4.6) was different (P<0.05) due to protein sources. 

Higher N-intake was noticed in lambs fed CM diet followed by CGM, SFM and CSM. Probiotics 

supplementation didn’t influence N-intake in lambs. Protein source and probiotics level 

interaction was non-significant for N-intake. Fecal and urinary N remained unaffected (P>0.05) 

in lambs due to all the dietary treatments (Table 4.6).  

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 4.7). 
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Table.4.5. Effect of different protein sources with or without probiotics on haematology in growing Kajli male lambs 

 

Items 

Diets1 

SE 

Significance 

CGM CM CSM SFM 
A B AB 

P0 P1 P0 P1 P0 P1 P0 P1 

Haemoglobin (g/dl) 8.4 8.5 8.8 8.9 8.1 8.3 8.7 8.8 1.7 NS NS NS 

Haematocrit (%) 25.7 27.2 25.0 27.7 23.2 24.8 24.9 26.3 1.6 NS NS NS 

TRBC (m/l) 6.4 6.8 7.1 10.1 8.3 9.9 8.1 8.1 0.6 * * * 

MCV (F1) 43.0 43.4 30.8 38.2 38.1 40.6 36.1 37.9 2.5 * NS * 

MCHb (Pg) 11.7 12.4 8.5 12.0 10.5 12.3 8.6 9.5 0.9 * NS * 

MCHbC (g/dl) 25.6 26.4 26.0 26.4 28.0 28.9 24.3 27.3 1.7 NS NS NS 

T WBCC (k/l) 10.0 10.6 9.0 13.3 9.9 11.1 9.1 9.8 1.4 NS NS NS 

Neutrophils (%) 43.9 53.3 39.5 47.3 53.8 51.0 52.3 49.5 2.3 * NS * 

Lymphocytes (%) 40.0 50.8 45.5 55.3 38.5 42.3 42.3 43.8 4.3 NS NS NS 

Monocytes (%) 0.252 0.787 0.257 0.762 0.252 0.263 0.287 0.32 0.24 NS NS NS 

Eosinophils (%) 0.5 0.43 0.75 0.56 0.6 0.59 0.62 0.57 0.28 NS NS NS 

PM WBC (%) 0.235 0.267 0.24 0.259 0.217 0.267 0.267 0.314 0.23 NS NS NS 

Basophils (%) 0.267 0.285 0.254 0.267 0.175 0.215 0.247 0.285 0.23 NS NS NS 

Platelets (k/l) 516 665 615 748 661 676 586 637 36.04 * NS * 

 
1CGM, CM, CSM and SFM stand for corn gluten meal, canola meal, cotton seed meal and sunflower meal, respectively. P0= 0 probiotics and P1= 50g/ton 

probiotics. SE = standard error. TRBC=Total Red Blood Cell, MCV=Mean Corpuscular Volume, MCHb=Mean Corpuscular Haemoglobin, 

TWBCC=Total white Blood Cell Count, MCHbC= Mean Corpuscular Haemoglobin Concentration, PMWBC= Premature white blood cells. 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). 
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Table.4.6. Effect of different protein sources with or without probiotics on nitrogen balance in growing Kajli male 

lambs 

 

Items 
(g/day) 

Diets1 

SE 

Significance 

CGM CM CSM SFM 
A B AB 

P0 P1 P0 P1 P0 P1 P0 P1 

N intake 35.4 36.2 36.6 37.0 33.0 33.9 34.7 34.9 0.4 * 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 23.4 23.7 23.9 0.6 * NS NS 

 
1CGM, CM, CSM and SFM stand for corn gluten meal, canola meal, cotton seed meal and sunflower meal, respectively. P0= 0 probiotics and P1= 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).  
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Table.4.7. Effect of different protein sources with or without probiotics on growth performance in growing Kajli 

male lambs 

 

Items 

Diets1 

SE 

Significance 

CGM CM CSM SFM 
A B AB 

P0 P1 P0 P1 P0 P1 P0 P1 

Initial Wt (kg) 28.2 24.3 24.0 23.1 24.9 27.6 25.9 24.2 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 

 
1CGM, CM, CSM and SFM stand for corn gluten meal, canola meal, cotton seed meal and sunflower meal, respectively. P0= 0 probiotics and P1= 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).  
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Discussion 
 

Nutrient intake 

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

who 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 fed CM diet is better digestibility (Baile 

and Forbes, 1972), which might have increased 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; Carneiro et al., 2006). The results of the present study 

are supported by other researchers (Ponnampalam et al., 2005; Chakeredza et al., 2003), who 

reported different DMI in lambs fed different protein sources. 

The DMI was not influenced by probiotic supplementation. This may be due to the 

nutrient rich diets that were supplying sufficient nutrient to microbes. Another plausible 

reason is 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 (Dell’Orto et al., 

2000; Garcia et al., 2000; Robinson, 2002; Haddad and Goussous, 2005; Tripathi et al., 2007; 

Titi et al., 2008; Hernandez et al., 2009; Antunovic, 2005, 2006; Chaucheyras-Durand et al., 

2008; Whitley, 2009) who reported no change in DMI by animals fed diets containing 

probiotics.  

 

Nutrient Digestibility  

The absence of change in DM digestibility in lambs fed different protein sources are 

supported by the findings of other researchers (Milis et al. 2005; Irshaid et al., 2003; Phillips 

and Rao 2001; Khan et al., 1997; Stern et al., 1983). However, slightly improved 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 and Robinson, 1987) leading to more production of 

microbial enzymes per unit time and thus improved DM digestibility (Edward et al., 2008). 
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Lower DM digestibility of the SFM diet may be due to more dietary NDF (Staples et al., 

1983). 

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). Further probiotics supplementation has a positive effect 

on various digestive processes especially cellulolysis and synthesis of microbial proteins as 

reported by Yoon and Stern (1995).  The results of the present study are corroborated by 

other researchers (El-Waziry and Ibrahim, 2007; Krehbiel et al., 2003) who reported higher 

fiber digestibility of feed supplemented with probiotics. 

 

Blood Metabolites 

The 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 non-significant 

glucose concentration in lambs fed diets supplemented with or without probiotics. 

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 are in agreement with the results of Antunovic et 

al. (2006) and Galip, (2006). 
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Serum Minerals 

Lack of response in serum minerals (Ca, P, K, Na, Mg and Cl) levels in lambs fed 

different protein source diets are supported by the findings of other researchers (Davies et al., 

2007; Hatfield, 1998; Cole, 1992).  Unaltered serum minerals in lambs fed diets 

supplemented with probiotics are in agreement with the results of other researchers 

(Antunovic et al., 2005; Galip, 2006; Masek et al., 2008). 

 

Haematology 

No effect on Hb, PCV, TWBCC, basophils, monocytes, eosinophils and PMWBC has 

indicated that different protein sources at same CP levels have no effect on the blood profile. 

The results of the present study are supported by Nelson and Watkins (1967), who reported 

that blood profile remained unaffected by protein sources indicating that homeostatic 

mechanism might not be influenced by different protein sources. The PCV, Hb, lymphocytes, 

WBC, TRBC, MCV, MCHb in animals fed different protein source diets (Pastuszewska et al., 

2007; Tripathi et al., 2007; Matras et al., 1991). TRBC, MCV, MCHb, neutrophils and 

platelets were differed in the present study, but the values were in normal range as reported 

by Galip (2006). Unchanged Hb, PCV, MCV, MCHb, MCHBC, TWBC, PMWBC, 

lymphocytes, eosinophils, basophils and platelets in lambs fed diets with or without 

probiotics are supported by the findings of other researchers (Galip, 2006; Aboderin and 

Oyetayo, 2006). Higher TRBC noticed in probiotic-supplemented group is supported by the 

findings of other researchers (Aboderin and Oyetayo, 2006; Belewu et al., 2008) who 

reported increased TRBC in animals supplemented with probiotics. They further stated that 

probiotics might have increased haematopoiesis. 

 

Nitrogen balance 

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 may have resulted in better uptake of amino acids at gut level and better 

utilization of amino acids for anabolic activity ultimately resulting in less excretion and 
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deamination of the amino acids (Brown and 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). 

Non-significant increase 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 and Stern, 1996) and increased postruminal flow of N (Putnam et al., 

1997). No change in N-intake, N-balance, fecal and urinary N in lambs fed diets 

supplemented with probiotics are in concordance with findings of other researchers (Ahmed 

and Salah, 2002; Hernandez et al., 2009). 

 

Growth performance  

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 (Atti et al., 2004). The results of the present study are in 

concordance with Khan et al. (1997) who reported higher weight gain in lambs fed SBM and 

CM diets as compared with the ones fed CSM diet suggesting that CM and SBM are better 

protein sources for growing lamb ration than the CSM. Another possible reason may be that, 

the CM diet contain higher sulfur contents (0.46 Vs. 0.25, 0.22 and 0.19%) that may 

improved the microbial growth (Sniffen and 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 and 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., 1983). 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. 
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(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 et al., 2002). However, the 

results of the present study are not supported by the findings of other researchers (Antunovic 

et al., 2005; 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 and Stern, 1995). 
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         CHAPTER-V 

 

Performance Response of Male Kajli Sheep to Different Protein 

Sources With or without Probiotics from day 270-360 

 

 

Abstract 

Thirty two lambs at the age of nine months, used in the trial II were again randomized and 

divided into eight groups of four animals each in a 4×2 factorial arrangement to study the 

effect of different protein sources with or without probiotics on the nutrient intake and their 

digestibility, blood metabolites, serum minerals, N-balance, haematology, growth 

performance and meat characteristics. Four iso-caloric (70% total digestible nutrients) and 

iso-nitrogenous (14% crude protein) diets were formulated using different protein sources i.e. 

corn gluten meal 30% (CGM), canola meal (CM), cotton seed meal (CSM) and sunflower 

meal (SFM) with (50g/ton) or without probiotics. Dry matter (DM), crude protein (CP), 

neutral detergent fiber (NDF) and acid detergent fiber (ADF) intake by lambs fed diets 

containing different protein source differed significantly (P<0.05) however, these remained 

unaltered (P>0.05) by lambs fed diets containing probiotics. Dry matter and CP intake was 

highest in lambs fed CM diet, and the lowest in animals fed SFM diet. Whereas, NDF and 

ADF intake was highest in lambs fed SFM diet. Dry matter, CP, NDF and ADF digestibility 

remained unaltered (P>0.05) in lambs fed diets containing different protein sources. However, 

ADF digestibility was higher (P<0.05) in lambs fed diets containing probiotics, while DM, 

CP and NDF digestibility remained unaltered (P>0.05). Blood urea nitrogen, blood glucose, 

creatinine and serum minerals remained unaltered (P>0.05) across all the treatments. Total 

red blood cells (TRBC), hematocrit (MCV) and neutrophils were influenced (P<0.05) in 

lambs fed diets containing different protein source, however, hemoglobin (Hb), packed cell 

volume (PCV), mean corpuscular hemoglobin (MCHb), mean corpuscular hemoglobin 

concentration (MCHbC), total white blood cells count (TWBCC), lymphocytes, monocytes, 
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eosinophils, premature white blood cells (PMWBC), basophils and platelets remained 

unaltered (P>0.05). Similarly no difference (P>0.05) was observed in PCV, MCV, MCHb, 

MCHbC, TWBCC, neutrophils, lymphocytes, monocytes, eosinophils, PMWBC, basophils 

and platelets in lambs fed diets with or without probiotics, however, TRBC differed (P<0.05) 

significantly. Diets containing different protein source influenced (P<0.05) N-intake and N-

balance in finishing lambs while, these were not affected in lambs fed diets containing 

probiotics. The highest N intake and N-balance (P<0.05) was noticed in lambs fed CM diet, 

whereas, these were lowest in lambs fed SFM diet. Diets containing different protein source 

with or without probiotics didn’t influence (P>0.05) the fecal and urinary N. Higher weight 

gain (P<0.05) was noticed in lambs fed CM diet and lowest in the lambs fed SFM diet. 

However, feed conversion ratio remained unaltered (P>0.05) across all the treatments. Diets 

containing probiotics influenced (P<0.05) weight gain by lambs. Hot carcass weights of 

lambs differed significantly (P<0.05) in lambs fed diets containing different protein sources 

with or without probiotics. However, dressing percentage (DP) and skin, feet, heart, liver and 

lungs weight remained unaltered (P>0.05) across all the treatments. The higher DP was 

observed in lambs fed CM diets, whereas it was lower in lambs fed SFM diet. Leg, loin, 

shoulder, breast and neck weights of the half carcass of the lambs remained unaffected 

(P>0.05) across all the treatments.  Crude protein content of carcass was different (P<0.05) in 

lambs fed diets containing different protein source with or without probiotics, while moisture, 

ether extract and ash contents remained unaltered (P>0.05) across all treatments. The ratio of 

lean, fat and bone in primal cuts of half carcass (neck, shoulder, breast, loin and leg) 

remained unchanged (P>0.05). In short, the lambs fed CM diet with or without probiotics 

showed better finishing performance. 

 

Introduction 

Small ruminants particularly sheep are important to provide quality mutton, wool and 

skin in Pakistan (Hasnain, 1985). These animals are mainly raised on pasture, range and 

seasonal fodder (Ishaque, 1993). The nutritional quality of these pasture, range and seasonal 

fodder is very poor (Devendra, 1997) and that is why the growth rate of these animals is low. 

The productivity of these animals can be enhanced through many ways but provision of 

better nutrition is one of the most promising. This may help not only to increase their daily 
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growth rate but may be cost effective (Legesse, 2005). The nutrient rich diets ensure 

sufficient supply of nutrients that not only increases weight gain but also enhances mutton 

quality (Priolo, 2002). The fattened animals fetch a better price in the market and help 

introduce a sustainable livestock farming both at domestic and commercial levels (Legesse, 

2005). 

Vegetable protein sources are cheap but their quality changes very rapidly in tropical 

countries. Prior to feeding these protein sources having variation in their amino acid profile 

(Hall and Huntington, 2008), it seems imperative to examine their influence on the growth 

performance of sheep. Thus, the protein coming from different sources may contribute 

differently and this underlines the importance of protein source in ruminant diets. 

The use of different protein sources can further be improved by the addition of 

probiotics that are known to increase ruminal pH (Umberger and Notter, 1989), total VFAs 

and ruminal biomass (Newbold et al., 1996) and thus influence the cellulolytuc activity and 

microbial protein and fibre degradation (Martin and Nisbet, 1990; Yoon and Stern, 1995).   

Scientific information regarding the influence of different protein sources on the 

fattening performance of lambs is limited. Therefore, the present study was planned to 

investigate the effects of various vegetable protein sources with or without probiotics on the 

fattening performance, blood metabolites, N-balance and meat characteristics of Kajli male 

lambs from day 271-360.  

 

Materials and Methods 

 

Experimental Diets and Lambs Husbandry 

Thirty two male Kajli lambs of nine months age were re-randomized and divided into 

eight groups of four animals each in a 4×2 factorial arrangement to study the effect of 

different protein sources with or without probiotics (Protexin®) on the nutrients intake and 

their digestibility, growth performance, blood chemistry, N-balance and carcass 

characteristics. The lambs were fed isocaloric (70% TDN) and isonitrogenous (14% CP) 

diets formulated using different protein sources according to NRC (1985) requirements 

(Table.5.1). The diets containing CGM, CM, CSM and SFM were supplemented with either 

0 or 50g of Protexin®/ton of feed. All the lambs were maintained in individual pens and fresh 
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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 fifteen days feed adjustment period. 

Lambs were offered experimental diets twice a day. 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/d) by weight 

gain (g/d). The DM, CP, NDF, and 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 (Nisa et al., 2004). The 

digestibility trial was conducted for 5 days after each 20 days. Three 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% H2SO4 to prevent any N losses. Total feces and urine voided 

by individual animal was weighed daily and composited by animal and these stored at -20oC 

for further analysis. At the end of each collection period, the samples were thawed. Fecal 

samples were dried at 55oC 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; 2mL was 

collected into the vaccutainers each containing 81L of 15% EDTA (anticoagulant) solution, 

while 8mL was collected in test tube to harvest the serum for further analysis. Plasma 

samples were separated and frozen at -20°C within 60 minutes of collection. 

Blood samples were analyzed for plasma glucose, BUN (Bull et al., 1991) and 

creatinine according to method described by Davies et al. (2007). Serum minerals were 

determined following procedures described by AOAC (1990). Haematological analysis 
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(complete blood count) was undertaken using fully automated blood analyzer (NIHON 

KOHDEN Japan). 

 

Carcass characteristics 

At the end of fattening trial, two lambs per treatment were slaughtered. Live weight 

was recorded before slaughter. After slaughter weights of different components of offal were 

recorded. Hot carcass weight was recorded immediately after slaughter. Dressing percentage 

was calculated following the procedure described by Atti et al. (2004). 

Carcass was split into two longitudinal halves. The left half-carcass was further 

divided into primal cuts according to the method laid down by Diaz et al. (2002). Every cut 

was weighed and dissected into fat muscles and bone. Meat samples were dried at 50°C, 

ground through 1-mm screen, and stored for subsequent analysis. Dry matter content of meat 

were determined by drying at 80°C until constant weight was attained and nitrogen contents 

were determined using Kjeldahl method as described by AOAC (1990). 

 

Statistical Analysis 

The data thus collected were analyzed using the GLM procedure of SAS (1998) using 

4×2 factorial arrangement in a completely randomized design. The Model statement was: 

Y = µ + PSi + PRj + (PS x PR) ij + eijk 

Where Y = any of dependent variable tested in the study; µ = overall mean, PSi = 

protein sources: either CM, CGF, CSM or SFM;  PR j = level of probiotic either 0 or 50g /ton;  

( PS x PR) ij = interaction between protein source and probiotic level; and eijk = residual error. 

The means were compared using the Least Significant Difference option of GLM 

procedure and declared significant at P < 0.05.  
 

 

 

 

 

 

 



 69

Table.5.1.   Ingredient composition of experimental diets 

 

Items 

Diets1 

CGM CM CSM SFM 

P0 P1 P0 P1 P0 P1 P0 P1 
Maize 30.65 30.65 32 32 32 32 30 30 

Rice polishing 10 10 14 14 14 14 12 12 

Wheat Bran 12 12 14 14 14 14 12 12 

Wheat Straw 13 13 12 12 12 12 11 11 

Sunflower meal 0 0 0 0 0 0 23 23 

Canola meal 0 0 15 15 0 0 0 0 

Cotton seed meal 0 0 0 0 15 15 0 0 

Maize Oil 0 0 0 0 0 0 0 0 

Corn gluten meal (30%) 22 22 0 0 0 0 0 0 

Molasses 6 6 7 7 7 7 6 6 

Urea 0.35 0.35 0 0 0 0 0 0 

Sodium bi-carbonate 2 2 2 2 2 2 2 2 

Common salt 2 2 2 2 2 2 2 2 

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 14.09 14.09 14.08 14.08 14.09 14.09 13.98 13.98 

Dry matter 89.73 89.73 89.61 89.61 89.76 89.76 89.95 89.95 

Total digestible nutrients 69.85 69.85 70.10 70.10 69.95 69.95 69.25 69.25 

Neutral detergent fiber 15.77 15.77 23.85 23.85 24.81 24.81 37.56 37.56 

Acid detergent fiber 10.78 10.78 12.01 12.01 9.46 9.46 15.44 15.44 

Calcium 0.57 0.57 0.67 0.67 0.59 0.59 0.64 0.64 

Phosphorus 0.89 0.89 1.03 1.03 1.04 1.04 1.02 1.02 

Potassium 0.85 0.85 1.10 1.10 1.16 1.16 1.08 1.08 

Chloride 1.45 1.45 1.48 1.48 1.47 1.47 1.47 1.47 

Sulfur 0.24 0.24 0.35 0.35 0.22 0.22 0.20 0.20 

 
1CGM, CM, CSM and SFM stand for corn gluten meal, canola meal, cotton seed meal and sunflower meal, 

respectively. P0= 0 probiotics and P1= 50g/ton probiotics. 
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Results 

Nutrient Intake and Digestibility 

Dry matter and CP intake was highest (P<0.05) in lambs fed CM diet. However, NDF 

and ADF intake was highest (P<0.05) in lambs fed SFM diet. Dry matter, CP, NDF and ADF 

digestibility remained unaltered (P>0.05) across all protein source diets (Table 5.2). Addition 

of probiotics didn’t influence the DM, CP, NDF and ADF intake. Similar pattern was noticed 

in DM, CP and NDF digestibility whereas, ADF digestibility differed (P<0.05) in lambs fed 

diets with or without probiotics.  

Protein source and probiotics interaction influenced (P<0.05) DM, CP, NDF and 

ADF intake however their digestibility remained unaltered (Table 5.2). 

 

Blood Metabolites 

No difference (P>0.05) was noticed in BUN, blood glucose and creatinine 

concentration across all the protein source diets (Table 5.3). Similar pattern was noticed in 

lambs fed diets with or without probiotics. Interaction of protein sources and probiotics had 

no effect on BUN, blood glucose and creatinine concentration (Table 5.3). 

 

Serum Minerals 

Serum minerals Ca, P, Na, K, Cl and Mg were unaffected (P>0.05) across all the 

protein source diets (Table 5.4). Addition of probiotics didn’t influence the serum minerals. 

No interaction was observed between protein source and probiotics level on serum minerals. 

 

Haematology 

Total red blood cells, MCV and neutrophils were influenced (P<0.05) by different 

protein source diets (Table 5.5). However, Hb, PCV, MCHb, MCHbC, TWBCC, 

lymphocytes, monocytes, eosinophils, PMWBC, basophils and platelets remained unaltered 

(P>0.05). Packed cell volume, MCV, MCHb, MCHbC, TWBCC, nutreophiles, lymphocytes, 

monocytes, eosinophils, PMWBC, basophils and platelets were not affected (P>0.05) in 

lambs due to probiotics supplementation. However, TRBC was influenced (P<0.05) by the 

addition of probiotics. Protein source and probiotics interaction didn’t influence (P>0.05) 

haematology (Table 5.5). 
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Table.5.2. Effect of different protein sources with or without probiotics on nutrient intake and their digestibility in 

fattening Kajli male lambs 

 

Items 

Diets1 

SE 

Significance 

CGM CM CSM SFM 
A B AB 

P0 P1 P0 P1 P0 P1 P0 P1 

Nutrients Intake, g/d 

Dry matter 1605 1617 1664 1699 1636 1655 1594 1625 9.6 * NS * 

Crude protein 224.7 226.4 233.0 237.9 229.0 231.7 223.2 227.5 1.3 * NS * 

Neutral detergent fibre 253.1 255.0 396.9 405.2 405.9 410.6 598.7 610.4 1.4 * NS * 

Acid detergent fibre 173.0 174.3 199.9 204.1 154.8 156.6 246.1 250.9 1.3 * NS * 

Nutrient Digestibility, % 

Dry matter 61.5 62.8 63.0 63.8 60.3 61.2 58.5 59.7 6.2 NS NS NS 

Crude protein 74.4 75.1 75.3 75.5 68.7 72.3 66.9 72.1 3.7 NS NS NS 

Neutral detergent fibre 47.9 51.7 49.1 53.0 47.6 48.9 44.0 45.0 5.6 NS NS NS 

Acid detergent fibre 38.7 45.0 40.3 46.5 43.9 44.5 37.9 42.8 2.9 NS * NS 

 
1CGM, CM, CSM and SFM stand for corn gluten meal, canola meal, cotton seed meal and sunflower meal, respectively. P0= 0 probiotics and P1= 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).  
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Table.5.3. Effect of different protein sources with or without probiotics on blood metabolites in fattening Kajli male 

lambs 

 

Items 
(mg/dl) 

Diets1 

SE 

Significance 

CGM CM CSM SFM 
A B AB 

P0 P1 P0 P1 P0 P1 P0 P1 

Blood urea nitrogen 16.75 16.87 16.50 16.64 16.50 17.25 15.00 15.75 2.51 NS NS NS 

Blood Glucose 55.61 56.26 54.27 57.83 46.98 51.63 54.23 54.73 3.75 NS NS NS 

Creatinine 0.847 0.850 0.747 0.802 0.810 0.812 0.875 0.933 0.11 NS NS NS 

 
1CGM, CM, CSM and SFM stand for corn gluten meal, canola meal, cotton seed meal and sunflower meal, respectively. P0= 0 probiotics and P1= 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).  
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Table.5.4. Effect of different protein sources with or without probiotics on serum minerals in fattening Kajli male 

lambs 

 

Items 
(mg/dl) 

Diets1 

SE 

Significance 

CGM CM CSM SFM 
A B AB 

P0 P1 P0 P1 P0 P1 P0 P1 

Ca 7.3 8.1 7.2 8.0 7.3 8.0 7.0 7.5 0.7 NS NS NS 

P 6.0 6.1 5.6 5.7 5.5 5.8 5.8 6.1 0.6 NS NS NS 

Na 149.8 152.3 153.8 166.5 134.1 139.8 127.3 146.3 17.6 NS NS NS 

Cl 95.4 90.6 91.0 91.1 99.3 99.6 99.8 100.3 7.3 NS NS NS 

K 3.9 3.9 3.9 4.0 3.9 4.6 4.0 4.1 0.4 NS NS NS 

Mg 1.8 2.2 2.1 2.2 1.8 1.9 2.1 2.1 0.4 NS NS NS 

 
1CGM, CM, CSM and SFM stand for corn gluten meal, canola meal, cotton seed meal and sunflower meal, respectively. P0= 0 probiotics and P1= 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). 
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Table.5.5. Effect of different protein sources with or without probiotics on haematology in fattening Kajli male lambs 

 

Items 

Diets1 

SE 

Significance 

CGM CM CSM SFM 
A B AB 

P0 P1 P0 P1 P0 P1 P0 P1 

Haemoglobin (g/dl) 9.2 9.3 9.3 9.6 9.1 10.3 9.4 9.6 0.9 NS NS NS 

Haematocrit (%) 24.7 25.2 22.9 25.7 23.7 24.1 24.5 25.1 1.7 NS NS NS 

TRBC (m/l) 7.2 8.6 8.4 9.1 6.1 6.9 6.5 7.2 1.0 * * NS 

MCV (F1) 41.8 42.2 35.8 36.3 31.2 31.6 39.9 40.6 4.4 * NS NS 

MCHb (Pg) 10.6 10.9 10.8 11.1 9.0 10.9 8.3 8.6 1.3 NS NS NS 

MCHb C (g/dl) 24.5 24.9 21.8 24.2 25.1 26.1 24.9 22.6 2.6 NS NS NS 

T WBCC (k/l) 9.4 9.5 8.6 9.5 8.8 9.0 7.9 8.3 1.1 NS NS NS 

Neutrophils (%) 41.5 43.4 36.8 38.6 47.5 48.3 49.5 51.4 3.6 * NS NS 

Lymphocytes (%) 35.4 41.8 42.5 43.8 39.9 44.5 39.0 39.7 5.7 NS NS NS 

Monocytes (%) 0.90 1.02 0.87 1.01 0.77 0.81 0.95 1.05 0.23 NS NS NS 

Eosinophils (%) 0.627 0.692 0.642 0.661 0.624 0.656 0.636 0.672 0.24 NS NS NS 

PM WBC (%) 0.43 0.45 0.37 0.44 0.48 0.53 0.54 0.61 0.21 NS NS NS 

Basophils (%) 0.258 0.237 0.267 0.243 0.272 0.284 0.243 0.255 0.29 NS NS NS 

Platelets (k/l) 501 615 557 667 508 697 586 562 59.46 NS NS NS 

 
1CGM, CM, CSM and SFM stand for corn gluten meal, canola meal, cotton seed meal and sunflower meal, respectively. P0= 0 probiotics and P1= 50g/ton 

probiotics. SE = standard error. TRBC=Total Red Blood Cell, MCV=Mean Corpuscular Volume, MCHb=Mean Corpuscular Haemoglobin, TWBCC=Total 

white Blood Cell Count, MCHbC= Mean Corpuscular Haemoglobin Concentration, PMWBC= Premature white blood cells. 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). 
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Nitrogen Balance 

Nitrogen intake by lambs differed (P<0.05) across all protein source diets. However, 

the N-intake remained unaffected (P>0.05) in lambs due to the addition of probiotics (Table 

5.6). Protein sources and probiotics interaction influenced (P<0.05) the N-intake in lambs. 

Fecal and urinary N remained unaltered (P>0.05) across all the dietary treatments. 

Nitrogen balance was different (P<0.05) due to different protein source diets. 

Probiotics supplementation had no influence (P>0.05) on N-balance. Similarly, no interaction 

was found between protein sources and probiotics on N-balance (Table 5.6). 

 

Growth Performance 

Total weight gain by lambs was different (P<0.05) due to different protein sources. 

Maximum weight gain was noticed in CM diet and minimum was observed in lambs fed 

SFM diet. Similar pattern was noticed for probiotics supplementation (Table 5.7). Interaction 

of protein sources and probiotics didn’t influence (P>0.05) the total weight gain. Feed 

conversion ratio remained unchanged (P>0.05) across all treatments. 

 

Carcass characteristics 

No difference (P>0.05) was noticed in slaughter weights across all protein source 

diets. Similar pattern was observed in lambs fed diets with or without probiotics. The 

interaction of protein sources and probiotics had no effect on slaughter weights (P>0.05). 

Hot carcass weight differed significantly (P<0.05) across all protein source diets. 

Similar trend was noticed in lambs fed diets with or without probiotics. However, protein 

sources and probiotics interaction had no effect (P>0.05) on HCW (Table 5.8).  

Dressing percentage remained unaltered (P>0.05) across all the protein source diets. 

Similar pattern was observed in lambs fed diets with or without probiotics. However, 

interaction of protein sources and probiotics influenced (P<0.05) DP.  

Heart, liver, feet and lung weights remained unaltered (P>0.05) across all the 

treatments.  
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Table.5.6. Effect of different protein sources with or without probiotics on nitrogen balance in fattening Kajli male 

lambs 

 

Items 
(g/day) 

Diets1 

SE 

Significance 

CGM CM CSM SFM 
A B AB 

P0 P1 P0 P1 P0 P1 P0 P1 

N intake 36.0 36.2 37.3 38.1 36.7 37.1 35.7 36.4 0.2 * NS * 

Faecal N 9.90 10.10 10.17 10.85 10.89 10.98 10.60 10.80 0.48 NS NS NS 

Urinary N 0.24 0.22 0.27 0.21 0.25 0.26 0.23 0.25 0.02 NS NS NS 

N Balance 25.86 25.88 26.86 27.04 25.56 25.86 24.87 25.35 0.5 * NS NS 

 
1CGM, CM, CSM and SFM stand for corn gluten meal, canola meal, cotton seed meal and sunflower meal, respectively. P0= 0 probiotics and P1= 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). 
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Table.5.7. Effect of different protein sources with or without probiotics on growth performance in fattening Kajli 

male lambs 

 

Items 

Diets1 

SE 

Significance 

CGM CM CSM SFM 
A B AB 

P0 P1 P0 P1 P0 P1 P0 P1 

Initial Wt (kg) 43.8 43.5 42.9 43.1 42.5 43.8 42.0 45.2 0.9 NS NS NS 

Final Wt (kg) 62.3 63.2 62.5 64.1 60.1 62.3 58.9 61.6 1.4 * * NS 

Daily gain (g) 205.6 218.9 217.8 233.3 195.6 205.6 187.8 182.2 16.4 * NS NS 

Weight gain (kg) 18.5 19.7 19.6 21.0 17.6 18.5 16.9 16.4 1.0 * * NS 

Feed conversion ratio 7.8 7.4 7.6 7.3 8.4 8.1 8.5 8.9 1.0 NS NS NS 

 
1CGM, CM, CSM and SFM stand for corn gluten meal, canola meal, cotton seed meal and sunflower meal, respectively. P0= 0 probiotics and P1= 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).  
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Table.5.8. Effect of different protein sources with or without probiotics on carcass characteristics in fattening Kajli 

male lambs 

 

Items 
(Kg) 

Diets1 

SE 

Significance 

CGM CM CSM SFM 
A B AB 

P0 P1 P0 P1 P0 P1 P0 P1 

Slaughter weight 58.6 61.9 60.1 59.2 58.8 60.5 57.9 60.0 0.4 NS NS NS 

Hot carcass weight 29.7 32.0 28.9 30.0 29.4 31.1 27.4 29.4 0.6 * * NS 

Dressing percentage 48.1 50.6 50.7 51.7 50.0 51.5 47.4 49.0 1.2 NS NS NS 

Skin 3.4 3.4 3.1 3.0 3.2 3.3 3.4 2.2 0.2 NS NS * 

Feet 1.68 1.58 1.58 1.63 1.57 1.68 1.69 1.70 0.06 NS NS NS 

Heart 0.17 0.18 0.19 0.18 0.18 0.17 0.19 0.18 0.02 NS NS NS 

Liver 0.66 0.64 0.68 0.69 0.64 0.66 0.39 0.74 0.15 NS NS NS 

Lungs 0.45 0.50 0.39 0.48 0.48 0.61 0.68 0.58 0.05 * NS NS 

 
1CGM, CM, CSM and SFM stand for corn gluten meal, canola meal, cotton seed meal and sunflower meal, respectively. P0= 0 probiotics and P1= 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).  
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Primal cuts yield   

Leg, loin, shoulder, breast, back and neck weights remained unaltered (P>0.05) across 

all the treatments (Table 5.9).  

 

Chemical composition of carcass 

Crude protein content differed significantly (P<0.05) across all the protein source 

diets. Similar trend was noticed in lambs fed diets with or without probiotics (Table 5.10). 

While, interaction of protein sources and probiotics had no effect (P>0.05) on CP contents. 

Moisture, ether extract and ash remained unaltered (P>0.05) across all the treatments. 

 

Lean, fat and bone content of different primal cuts of carcass 

The lean, fat and bone portions of neck and breast regions were unaltered (P>0.05) 

across all the treatments (Table 5.11). 

The lean portion of shoulder region was affected (P<0.05) by protein source diets. 

Whereas, no difference (P>0.05) was noticed in lambs fed diets with or without probiotics. 

Interaction of protein sources and probiotics had no effect (P>0.05) on lean portion of 

shoulder (Table 5.11). Fat and bone portions of shoulder remained unaltered (P>0.05) across 

all the treatments. 

The bone portion of loin region was affected (P<0.05) by protein source diets. 

Whereas, no difference (P>0.05) was noticed in lambs fed diets with or without probiotics. 

Interaction of protein sources and probiotics had no effect (P>0.05) on bone portion of loin 

(Table 5.11). Lean and fat portions of loin remained unaltered (P>0.05) across all the 

treatments. 

The fat portion of leg region was affected (P<0.05) by protein source diets. Whereas, 

no difference (P>0.05) was noticed in lambs fed diets with or without probiotics. Interaction 

of protein sources and probiotics had no effect (P>0.05) on fat portion of leg (Table 5.11). 

Lean and bone portions of leg remained unaltered (P>0.05) across all the treatments. 
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Table.5.9. Effect of different protein sources with or without probiotics on primal cuts in fattening Kajli male lambs 

 

Items 
(Kg) 

Diets1 

SE 

Significance 

CGM CM CSM SFM 
A B AB 

P0 P1 P0 P1 P0 P1 P0 P1 

Leg 7.7 7.8 7.2 8.5 7.0 7.6 8.4 7.9 0.6 NS NS NS 

Loin 6.2 5.5 6.0 6.5 6.1 4.5 5.4 5.2 0.6 NS NS NS 

Shoulder 4.8 5.5 5.0 4.7 5.4 4.6 5.6 6.5 0.4 NS NS NS 

Breast 3.7 4.5 4.0 3.8 4.0 4.5 3.5 4.0 0.6 NS NS NS 

Neck 2.3 1.9 2.1 1.8 2.0 2.2 2.1 1.6 0.5 NS NS NS 

 
1CGM, CM, CSM and SFM stand for corn gluten meal, canola meal, cotton seed meal and sunflower meal, respectively. P0= 0 probiotics and P1= 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).  
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Table.5.10. Effect of different protein sources with or without probiotics on chemical composition of carcass in 

fattening Kajli male lambs 

 

Items 
(%) 

Diets1 

SE 

Significance 

CGM CM CSM SFM 
A B AB 

P0 P1 P0 P1 P0 P1 P0 P1 

Moisture 71.8 72.2 73.5 72.7 71.7 73.6 73.4 73.3 0.5 NS NS NS 

Ether extract 4.00 3.97 3.90 3.98 4.10 3.91 3.93 3.95 0.11 NS NS NS 

Crude protein 20.9 20.8 21.2 22.0 21.3 20.9 20.4 20.5 0.2 * * NS 

Ash 1.36 1.32 1.37 1.35 1.38 1.36 1.33 1.31 0.05 NS NS NS 

 
1CGM, CM, CSM and SFM stand for corn gluten meal, canola meal, cotton seed meal and sunflower meal, respectively. P0= 0 probiotics and P1= 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).  
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Table.5.11. Effect of different protein sources with or without probiotics on general composition of half carcass in 

fattening Kajli male lambs 

 

Items 
(%) 

Diets1 

SE 
Significance 

CGM CM CSM SFM 

P0 P1 P0 P1 P0 P1 P0 P1 A B AB 

Neck 

Lean 5.85 6.00 6.05 5.50 6.55 6.10 5.90 5.85 0.60 NS NS NS 

Fat 33.10 31.65 31.85 30.35 32.60 31.35 30.75 33.10 0.77 NS NS NS 

Bone 61.05 62.35 62.09 64.15 60.85 62.57 63.35 61.05 1.12 NS NS NS 

Shoulder 

Lean 4.60 4.25 7.15 5.45 5.00 5.75 6.05 4.60 0.48 * NS NS 

Fat 31.30 30.25 26.75 28.75 31.05 28.85 28.75 31.30 1.26 NS NS NS 

Bone 64.10 65.55 66.10 65.80 63.95 65.40 65.20 64.10 0.99 NS NS NS 

Breast 

Lean 13.30 15.90 15.80 15.40 15.80 15.75 15.55 13.30 0.52 NS NS NS 

Fat 32.30 31.30 28.80 29.60 31.00 29.55 29.35 32.30 0.74 NS NS NS 

Bone 54.30 52.80 54.40 55.00 53.20 54.70 55.10 54.30 1.14 NS NS NS 

Loin 

Lean 9.00 10.50 11.65 11.45 9.60 11.30 11.65 9.00 0.87 NS NS NS 

Fat 29.15 28.60 29.00 27.90 29.20 29.25 27.70 29.15 1.00 NS NS NS 

Bone 61.85 60.90 59.35 60.65 61.20 59.45 60.65 61.85 0.82 * NS NS 

Leg 

Lean 9.75 11.30 10.95 11.30 11.85 11.55 11.30 9.75 0.62 NS NS NS 

Fat 20.15 20.35 21.50 23.20 21.80 21.45 22.85 20.15 0.64 * NS NS 

Bone 70.10 68.35 67.55 65.50 66.35 67.00 65.85 70.10 1.02 NS NS NS 

 
1CGM, CM, CSM and SFM stand for corn gluten meal, canola meal, cotton seed meal and sunflower meal, respectively. P0= 0 

probiotics and P1= 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).



 83

Discussion 

 

Nutrients intake  

Higher DMI in lambs fed CM diet might be attributed to better nutrient profile of CM 

(Shain et al., 1998) that provided more nutrients to the ruminal microbes resulting in better 

digestibility (Baile and Forbes, 1972; Plaisance et al., 1997) and higher DMI was because of 

emptying the rumen due to increased digestion and passage rates (Mertens, 1977). Similar 

findings have been reported by Wiese et al. (2003) who noticed higher DMI by lambs fed 

CM diet as compared to lupins and urea diet. Lower DMI by lambs fed SFM diet might be 

attributed to more NDF content of diet that are reported to limit the DMI (Klopfenstein, 

1991; Gozho and Mutsvangwa, 2008). The higher NDF and ADF intake by lambs fed SFM 

diet might be attributed to composition of the diet (Carneiro et al., 2006). Similarly, Yagoub 

and Talha (2009) found significant effect on feed intake by lambs fed diets in which 

groundnut meal was replaced with decorticated SFM.  

Unaltered DM, CP, NDF and ADF intake by probiotic-supplemented lambs are 

supported by other researchers (Dell’Orto et al., 2000; Robinson, 2002; Tripathi et al., 2007; 

Titi et al., 2008). The unchanged effect of probiotics supplementation may be due to nutrient 

rich diets, which already providing sufficient nutrient to the animal as probiotics 

supplementation improves the utility of high energy and low protein diets (Jouany et al., 

1998). Furthermore, unchanged results might be due to lower dose of probiotics (Fiems et al., 

1993) as a maximum adhesion of microbial cells of probiotics to the ruminal epithelium is 

required for the desirable changes in ruminal microflora (Oyetayo and Osho, 2004). However, 

results of the present study didn’t agree with the findings of other researchers (Chiofalo et al., 

2004; Han et al., 2008), who reported a significant improvement in feed intake by the 

addition of probiotic individually or in combination. 

 

Nutrient Digestibility 

Unaltered nutrient digestibility across various protein source diets is supported by the 

findings of Bowman and Paterson (1998) and Milis et al. (2005). The result of the present 

study are also authenticated by the findings of Khan et al. (1997), who observed non-

significant difference in DM and CP digestibility in Afghani lambs raised on SBM or CM 
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diet. However, slightly higher DM, CP, NDF and ADF digestibility in lambs fed CM diet 

might be due to the provision of more nutrients at ruminal level (Plaisance et al., 1997), 

resulting in more ruminal microbial growth which ultimately reflected in higher ruminal 

degradation of nutrients. Lower DM digestibility observed in lambs fed SFM diet might be 

related to higher dietary NDF (Staples et al., 1983). 

Improved ADF digestibility in probiotic supplemented group is in concordance with 

the findings of Kumagai et al. (2004), who reported increased digestibility of fiber in 

probiotics supplemented group that might be related to increased activities of xylanase and 

pectinase (Feng et al., 2008). Similar findings have been reported by Krehbiel et al. (2001) 

and Han et al. (2008). Another probable reason for higher nutrient digestibility in response to 

probiotics supplementation may be stabled ruminal pH and improved absorption of some 

nutrients ultimately creating an optimistic interaction between diet composition and probiotic 

administration (Yoon and Stern, 1995; Newbold et al., 1996). 

 

Blood Metabolites 

Unaltered BUN across all protein source diets was supported by Davies et al. (2007) 

who reported non-significant difference in BUN concentration among the lambs fed different 

concentrate and protein source diets. Unchanged BUN concentration in response to probiotic 

supplementation is supported by Antunovic et al. (2005) who reported similar BUN 

concentration in lambs fed diets supplemented with or without probiotic. 

Unchanged blood glucose in response to different protein source diet was supported 

by Ponnampalam et al. (2005) and Master et al. (2002). Slightly higher concentration of 

blood glucose in lambs fed CM diet might be attributed to the availability of more glucogenic 

amino acids responsible for glucose synthesis in liver (Kaneko et al., 1997). Unaltered blood 

glucose levels in lambs fed diets supplemented with or without probiotics are supported by 

other researchers (Antunovic et al. 2005; Payandeh and Kafilzadeh, 2007).  

Unchanged creatinine across all the protein source diets is consistent with the findings 

of Oboh and Olumese (2008). Unaltered creatinine in response to probiotics supplementation 

is supported by other researchers (Antunovic et al. 2006; Payandeh and Kafilzadeh, 2007). 
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Serum minerals 

Unaltered serum minerals (Ca, P, K, Na, Mg and Cl) in lambs fed different protein 

source diets indicated that composition of diet had no influence on mineral metabolism. 

Similar results have been reported by Cole (1992) and Davies et al. (2007). Unaffected serum 

minerals in response to probiotics supplementation were supported by the findings of 

Pyandeh and Kafilzadeh (2007).  

 

Haematology 

Unaltered Hb, PCV, MCHb, TWBC, monocytes, basophils, eosinophils and PMWBC 

across all protein source diets have indicated that different protein sources at similar CP level 

had no effect on the blood profile. This indicated that homeostatic mechanism is hardly 

influenced by protein source. The results of the present study are supported by the findings of 

other researchers (Nelson and Watkins, 1967; Matras, 1991; Pastuszewska et al., 2007; 

Tripathi et al., 2007). Differences in TRBC, MCV and neutrophils noticed across different 

protein source diets were within the normal range as reported by Galip (2006). 
Differences in TRBC in lambs fed diets supplemented with or without probiotics are 

supported by the findings of Aboderin and Oyetayo (2006). Similar findings have been 

reported by Belewu et al. (2008). Unaltered Hb, PCV, MCV, MCHb, MCHBC, TWBC, 

PMWBC, lymphocytes, eosinophils, basophils and platelets are supported by the findings of 

other Galip (2006). Similar findings have been reported by Aboderin and Oyetayo (2006) and 

Ghorbani et al. (2002).  
 

Nitrogen balance 

Higher N-intake by lambs fed CM diet is supported by the findings of Phillips and 

Rao (2001). This might be attributed to higher DM and CP consumption (Fahmy et al., 1992) 

and because of better ruminal fermentation and more post ruminal flow of microbial protein 

(Haddad, 2005). Unaltered faecal and urinary N was supported by the findings of Knowlton 

et al. (2001). Higher N retained by lambs fed CM diet might have resulted from higher N 

intake and digestibility, resulting in more availability of N to ruminal microbes that increased 

the microbial protein synthesis and thus increasing more amino acid flow to small intestine 

(Legleiter et al., 2005). But the results of the present study didn’t agree with those of other 
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researchers (Merchen et al., 1987; Milis et al., 2005), who reported unaltered N balance in 

response to varying protein source diets. 

Non-significant increase in N intake by lambs fed diets supplemented with probiotics 

might be attributed to higher DM intake and digestibility. Likewise, slight increase in N 

balance in probiotic-supplemented lambs might be the consequence of increased N 

digestibility as well as better utilization of dietary N, resulting in an increased bacterial 

biomass (Yoon and Stern, 1996) and increased flow of non ammonia N in the probiotics 

supplemented group (Putnam et al., 1997). The results of the present study are supported by 

Ahmed and Salah (2002) and Saijpaul et al. (2007), who found non-significant but improved 

N balance and metabolism in sheep supplemented with probiotics. 

 

Growth performance  

Higher weight gain in lambs fed CM diet might be related to higher nutrient intakes 

and their digestibility and N-balance. The results of the present study are in concordance with 

Khan et al. (1997) who reported higher weight gain in lambs fed SBM and CM diets as 

compared with the ones fed CSM diet. Higher weight gain by lambs fed CM diet might be 

due to better amino acid profile (Brown, 1991), more post ruminal flow of glucogenic amino 

acids (Erasmus et al., 1992) and lipogenic moieties (Bruno et al., 2009) that improved muscle 

mass accretion (McClure et al., 1994). Furthermore, CM contains higher sulfur that is 

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 and Johnson, 1991). Lower values for weight 

gain noticed in lambs offered SFM diet might be attributed to higher NDF content and lower 

digestibility (Staples et al., 1983).  

Higher weight gain in lambs fed diets containing probiotics may be attributed to 

higher DMI, better digestibility, more cellulolytic activity resulting in improved fiber 

degradation (Russel and Wilson, 2006) and due to depressed activity of hyper ammonia 

producing microbes which ultimately made the protein available for post-ruminal absorption 

(Chaucheyras-Durand et al., 2008). Similar results have been reported by Anandan et al. 

(1999) and Mutassim et al. (2008). The results of the present study are also confirmed by 
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other researchers (Abas et al., 2007; Antunovic 2005) who reported significantly higher body 

weight gain in probiotic-supplemented lambs. 

Better FCR in lambs fed CM diet might be the result of better efficiency of nutrient 

utilization and that had positive influence on weight gain of lambs (Kabir, 2004). The results 

of present study are in agreement with Waller et al. (1980) and Klopfenstein et al. (1978). 

Khan et al. (1997) also reported improved FCR by lambs fed CM and SBM diet as compared 

to those fed CSM diet.  

Unaltered but improved FCR in lambs fed probiotics supplemented diet is supported 

by many researchers (Robinson, 2002; Elam, 2003; Abdelrahman and Hunaiti, 2008). Similar 

results have been reported by Jang et al. (2009) and Mutassim et al (2008). 

 

Carcass characteristics 

 

Dressed carcass weight and non-carcass components  

Unaltered slaughter weights by lambs fed different protein source diets are 

inconsistent with findings of Craddock et al. (1974) who reported significant pre-slaughter 

weights under different protein regimes. Similar results have been reported by Sowande et al. 

(2007) Unaltered pre-slaughter weights in probiotic supplemented diets are supported by 

Birch et al. (1994) who reported non-significant difference among pre-slaughter weights in 

response to probiotic supplementation. Likewise, Mukhtar (2010) found non-significant pre-

slaughter weights for Lohi lambs supplemented with probiotics. Significantly different HCW 

of lambs fed different protein source diets are supported by the findings of other researchers 

(Brown and Johnson, 1991; Abdullah and Awawdeh, 2004; Ponnampalam et al. (2005). 

However, the results of present study are not endorsed by (Haskin et al., 1967; Plaisance et 

al., 1997; Szabo et al., 2001; Wertz et al., 2001; Wiese et al., 2003; Walker et al., 2006), who 

found that HCW were not affected by changes in the dietary protein source. Significantly 

different HCW in response to probiotics supplementation are supported by Belewu and 

Jimoh (2005). Similar results have been reported by Huck et al. (2000). 

Unaltered DP in lambs fed different dietary protein source is supported by Ludden et 

al. (1995) and Milton et al. (1997). Similar results have been reported by other researchers 

(Harris et al., 1979; Brown and Johnson 1991; Comerford, 1992; Walker et al., 2006; 
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Baranowski et al., 2007). Unaltered DP in lambs fed diets containing probiotics is also 

supported by other researchers (Kawas et al., 2007; Payandeh and Kafilzadeh, 2007). Similar 

findings was also been reported by Mir and Mir (1994) and Mukhtar (2010). 

Unaltered body organ weights (skin, feet, heart, liver and lungs) in different protein 

source and probiotics supplementation indicated that these organs are early maturing and are 

not affected by different feeding regimens (Kamalzadeh et al., 1998; Prudhon, 1976). Similar 

findings were reported by other researchers (Atti et al., 2004; Haddad, 2005; Suliman and 

Babiker (2007). Unaltered DP in lambs fed diets containing probiotics was supported by the 

findings of Belewu and Jimoh (2005). Similarly, Kawas et al. (2007) and Payandeh and 

Kafilzadeh (2007) reported unaltered weights of non-carcass components in response to 

probiotics supplementation. 

 

Weights of primal cuts of the half carcass 

Unchanged weights of primal cuts (leg, loin, shoulder, breast and neck) of the half 

carcass in lambs fed diets containing different protein source was supported by the findings 

of Baranowski et al. (2007). Similalry, unaltered weights of primal cuts in lambs fed diets 

containing probiotics were supported by the findings of Mukhtar (2010). Similar findings 

were also reported by other researchers (Crouse et al., 1978; Shadnoush et al., 2004). 

Unaltered weights of primal cuts of the half carcass in lambs fed diets containing probiotics 

were supported by the findings of other researchers (Payandeh and Kafilzadeh, 2007; Titi et 

al., 2008; Whitley et al., 2009). Birch et al. (1994) also reported non-significant difference 

for leg weights in lambs supplemented with probiotics. 

 

Chemical composition of carcass 

Unaltered moisture, fat, CP and ash content for the carcass of lambs fed different 

protein source diets are supported by the findings of Comerford et al. (1992), Petit and Flipot 

(1992) and Szabo et al. (2001). The fat percentage decreased with the increase in moisture 

level indicating an inverse relationship between fat and moisture content, which consistent 

with the findings of Murphy et al,. 1994 and Suliman and Babiker 2007, who reported 

decreased fat percentage in response to increase in the carcass moisture content of carcasses 
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in growing lambs. Higher values for protein content with decreasing amount of fat were 

reported by Szabo et al. (2001). 

 

Distribution of lean, fat and bone in half carcass 

General carcass composition expressed in terms of percentage of lean meat, bone and 

fat in various primal cuts (neck, shoulder, breast, loin and leg) didn’t differ significantly in 

carcasses from lambs fed different protein source diets are supported by the findings of other 

researchers (Petit and Flipot, 1992; Rizzi et al., 2002; Suliman and Babiker, 2007). They 

stated that different protein sources had no effect on the proportionate values for muscle mass, 

bone and fat. Similar findings were reported by Murphy et al. (1994). However, the results of 

the present study are not supported by the findings of Hango et al. (2007) who reported a 

significant increase in carcass fat content of the goats raised on diets fortified with different 

dietary proteins. The fat percentage, proportion of lean meat and bones in various cuts (neck, 

shoulder, breast, leg and loin) of the carcasses obtained from lambs that received probiotic 

supplemented diets remained unaltered as reported by Swinney-Floyd et al. (1999) and Titi et 

al. (2008). Similar results have been reported by Mir and Mir (1994) and Whitley et al. 

(2009). 
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         CHAPTER-VI 
 

Summary 
 

 

Three independent trials were conducted on Kajli male lambs to study the effect of 

different dietary protein sources with or without probiotics on growth performance at post 

weaning, growing and finishing stage. Carcass characteristics were studied in the finishing 

stage only. In trial I, 32 male Kajli lambs, at the age of three months were randomly divided 

into eight groups of four animals each. Four iso-caloric (70% TDN) and iso-nitrogenous 

(22% CP) diets were formulated with four different protein sources (CGM, CM, CSM and 

SFM) containing either 0 or 50g/ton of probiotics (Protexin®). These treatments were used in 

a 4 x 2 factorial arrangement considering protein source and probiotics as the two factors. In 

trial II, lambs from Trial I were re-randomized and given the same treatment as in trial I 

except that dietary CP which was reduced from 22 to 18%. In trial III, lambs used in trial II 

were regrouped randomly and given the same experimental protocol except that the CP was 

reduced from 18 to 14%. The data were analyzed using GLM procedures of SAS. 

In trial I DM and CP intake was highest in lambs fed CM diet and lowest in those fed 

SFM diet. The DM, CP, NDF and ADF digestibility was highest in lambs fed CM diets than 

others. Addition of probiotics didn’t influence intake of DM, CP, NDF and ADF or DM and 

CP digestibility, however, improved NDF and ADF digestibility. The BUN, creatinine and 

serum minerals were not affected by any of the dietary treatments. However, blood glucose 

was highest in lambs fed CM diets than others. The Hb, haematocrit, PCV, MCHbC, MCV,, 

MCHb, TWBCC, TRBC, lymphocytes, monocytes, eosinophils, PMWBC, basophils, 

neutrophils and platelets were not affected in lambs fed different protein sources. However, 

addition of probiotics improved Hb, MCHBC, TWBCC and platelets concentrations in 

lambs. Higher nitrogen N-retention was observed in lambs fed CM diets and lowest in those 

fed SFM diet.  However, probiotics supplementation did not influence the N-balance. 

Highest total weight gain was observed in lambs fed CM diet and lowest in those fed SFM. 

However, probiotics supplementation didn’t influence the total weight gain or FCR. 

In trial II, DM and CP intake was highest in lambs fed CM diet and NDF and ADF 

intake was highest in those fed SFM diet. The DM, CP, NDF and ADF digestibility was not 
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affected due to different protein sources. Probiotics supplementation didn’t influence DM, 

CP, NDF and ADF intake or DM and CP digestibility, however, improved NDF and ADF 

digestibility. The BUN, creatinine and serum minerals were not affected due to protein 

sources. Addition of probiotics did not influence BUN, blood glucose, creatinine and serum 

minerals. The Hb, PCV, MCHbC, TWBCC, PMWBC, lymphocytes, monocytes, eosinophils 

and basophils remained unaffected in lambs fed diets containing different protein sources, 

however, TRBC, MCHb, MCV, neutrophils and platelets differed significantly but were 

within the normal range. Probiotics supplementation had no effect on Hb, PCV, MCV, 

MCHb, MCHbC, TWBCC, PMWBC, neutrophils, lymphocytes, monocytes, eosinophils, 

basophils and platelets, however, influenced TRBC. The lambs fed CM diets showed higher 

N-balance than other protein sources; however, probiotics supplementation didn’t influence 

N-balance. Highest weight was gained by lambs fed CM diet and was lowest in lambs fed 

SFM diet. Likewise, higher weight gain was observed in lambs fed diets containing 

probiotics. However, FCR remained unaltered across all the treatments. 

In trial III, DM and CP intake was highest in lambs fed CM diet, and was lowest in 

those fed SFM diet. The DM, CP, NDF and ADF digestibility was not affected in lambs fed 

diets containing different protein sources. However, probiotics supplementation improved 

ADF digestibility. The BUN, blood glucose, creatinine and serum minerals were not affected 

by any of the dietary treatments. Total red blood cells, MCV and neutrophils were influenced 

in lambs fed diets containing different protein sources, however, Hb, PCV, MCHb, MCHbC, 

TWBCC, lymphocytes, monocytes, eosinophils, PMWBC, basophils and platelets remained 

unchanged. Similarly no difference was observed in PCV, MCV, MCHb, MCHbC, TWBCC, 

neutrophils, lymphocytes, monocytes, eosinophils, PMWBC, basophils and platelets in lambs 

fed diets with or without probiotics, however, TRBC differed significantly. Higher N-balance 

was observed in lambs fed CM diet, and lowest in those fed SFM diet. Diets containing 

different protein source with or without probiotics didn’t influence the fecal and urinary N. 

Lambs fed CM diet gained higher weight than those fed CGM, CSM and SFM. Similarly, 

addition of probiotics improved weight gain by lambs. However, FCR was not affected by 

any of the dietary treatments. Hot carcass weights were significantly different in lambs fed 

diets containing different protein sources with or without probiotics. However, DP and skin, 

feet, heart, liver and lungs weight was not affected by any of the dietary treatments. The 
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highest DP was observed in lambs fed CM diets, and lowest in those fed SFM diet. Leg, loin, 

shoulder, breast and neck weights of the half carcass of the lambs were not affected by any of 

the dietary treatments.  Crude protein content of carcass was different in lambs fed different 

protein sources with or without probiotics, while moisture, ether extract and ash contents 

remained unaltered across all treatments. The ratio of lean, fat and bone in primal cuts of half 

carcass (neck, shoulder, breast, loin and leg) remained unchanged across all the treatments, 

except for the proportion of lean in shoulder, bone in loin and fat in legs, which was affected 

by the diets containing different protein sources. 

The present study revealed that lambs fed CM diet performed better than those fed 

CGM, CSM and SFM diets in all the three trials. Diets containing probiotics improved 

weight gain in trial II and III but not in trial I. 
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