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ABSTRACT 
 

Eighteen suckling buffalo calves were divided depending on weight and sex 
into three similar experimental treatments (4 males and 2 females per each) to study 
the effect of mannan oligosaccarides (MOS) or commercial probiotic supplementation 
on performance, some blood constituents and economic efficiency of suckling buffalo 
calves. The calves of the 1st  treatment (R1) were fed a basal ration consisting of 
whole milk, starter and berseem hay. The calves of the 2nd (R2) and 3rd treatments 
(R3) were fed a basal ration supplemented with either 6 gm probiotic or 4 gm MOS 
per calf per day, respectively. Supplementations were mixed with whole milk once a 
day during morning suckling. Calves were individually fed milk from 3rd days old, while 
solid feeds (starter and berseem hay) were  fed ad libitum in groups starting from 2nd 
week of age up to weaning at 15th weeks of age. Water was available free choice. 
Feed intake was measured daily, cases of diarrhea or any other diseases were 
recorded. Animal body weights were recorded biweekly. Three digestibility trials were 
carried out at 10th week old to evaluate the tested treatments. Blood sampling were 
conducted at days 35,70 and 105. 
The results obtained were: 

 The best digestibilties of various nutrients were recorded with calves fed R3 
followed by those fed R2. 

 Calves fed R3 had the highest values of average daily feed intake expressed as 
DM, TDN and DCP, while calves fed R1 recorded the lowest intake. 

 The averages of daily body gain were 0.660; 0.722 and 0.779 kg/ head/ day for 
calves fed R1, R2 and R3, respectively. 

 The MOS and probiotic supplementation for claves induced increases in serum 
concentrations of total protein, albumin, globulin, AST, total lipids, glucose, Zn 
and Fe than control calves. However, depressions in serum concentrations of 
ALT, cholesterol, triglycerides, and  urea-N were detected. 

 There were significant (P<0.05) differences  in serum  total protein,  albumin,  
AST, ALT, total lipids, cholesterol , glucose, urea-N, Zinc and Fe concentrations 
among the age of claves.  

 Calves fed R3 had the best feed conversion as kg DM, TDN and DCP/ kg gain, 
while calves fed R1 showed the poorest feed conversion. 

 Calves fed ration supplemented with MOS and probiotic recorded lowest diarrhea 
cases. 

 Less daily cost/ kg gain was recorded for calves fed either R2 or R3, while the 
highest expensive kg gain cost was with those fed R1. 
It can be concluded that, supplementing milk of suckling buffalo calves with 

mannan oligosaccarides (MOS) or commercial probiotic product enhance feed intak, 
body weight gain, feed conversion, some blood parameters and rearing economic 
efficiency, with a higher superiority of MOS results. 
Keywords: Suckling buffalo calves, mannan oligosaccarides, probiotic, 

body weight gain, performance, glucose, hormones   
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INTRODUCTION 
 
Prior to weaning young calves are susceptible to many pathogens that 

cause diseases. Over 75% of death in calves occur during the first month of 
neonatal life (Sampath, 1989). In Egypt, enteritis and diarrhea appear to be 
the most serious diseases among newly born calves (Fadl Allah, 1996). The 
studies on neonatal buffalo calves revealed a remarkable increase of the 
incidence of diarrhea  reaching 67% with a mortality rate of 10.78 % (El-
Garhy et al., 1994). 

The use of antibiotics in feed of young calves has been a common 
practice in animal production to improve feed efficiency and to decrease 
incidence of scours and calf mortality (Rusoff et al., 1959). However, over use 
of antibiotics exerts selective pressure that renders antibiotics ineffective 
(Amabile – Cuevas et al., 1995). Several additives have been proposed to 
improve calf health as alternative to the use of antibiotics as growth 
promoters. Some of these include mannan oligosaccharides (Jacqus and 
Newman, 1994; Heinrichs et al., 2003 and Terre et al., 2007) and probiotic 
(Malik et al., 1998; Gaafar et al., 2005 and Kamra and Pathak, 2005). 

Mannan oligosaccharides (MOS) derived from yeast cell wall material 
have been found useful as means supplying complex carbohydrates with 
nutritional and immunological roles in the young animals (Dildey et al., 1997). 
Dvorak et al. (1997) reported that adding complex carbohydrates to a calf's 
diet may improve performance and health. The hypothesized mode of action 
is through: 1) blocking of pathogenic bacteria colonization in the gut, and 2) 
absorbing of pathogen – produced toxins. The goals of MOS supplementation 
include the optimization of intestinal microflora composition, increasing the 
nutrients absorption, prevention of intestinal disorder and achievement of 
better performance results (Kumprechtova and Lllek, 2007). Moreover, 
Heinrichs et al. (2003) reported that addition of 4 g MOS per calf daily to milk 
replacer appeared to benefit calf health and reduced scours, indicating that 
MOS could effectively replace antibiotics in milk replacer. 

Probiotics are a live microbial feed supplement that beneficially affects 
the host animal by improving its intestinal microbial balance (Fuller, 1989). 
Moreover, many of the beneficial productive responses associated with the 
use of probiotics associated with the use of probiotics supplements can be 
directly related to their effects on the microbial population in the digestive 
tract (McCormick, 1984; Nahshon et al., 1992 and Dawson, 1995). Probiotics 
decrease digestive disturbances and improve feed conversion and health 
performance (Windschitl, 1992). The nutritional effect of probiotics is 
characterized by an improvement of the utilization of nutrients by the host. 
This effect can be monitored by digestibility measurements (Roberton and 
Chevalier, 1997). The administration of bacteria used as a probiotic to young 
animals would be of great usefulness probably because its antigenic 
stimulation would favour the maturation of the secretory immune system thus 
preventing infection (Perdigon and Alvarez, 1992). Oral inculcation of animal 
with lactobacilli led to elevated levels of total serum proteins, globulin and 
increased white blood cells count (Pollmann et al., 1980). Therefore, the 
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present study was carried out to investigate the effect of mannan 
oligosaccharides (MOS) and commercial probiotic product supplementation 
on performance, some blood constituents and economical efficiency of 
suckling buffalo calves. 
 

MATERIALS AND METHODS 
 
This study was carried out at El-Gemmeza Animal Production 

Research Station, Animal Production Research Institute, Agricultural 
Research Center, to investigate the effect of mannan oligosaccharides (MOS) 
and commercial probiotic product supplementation on performance, some 
blood constituents and economical efficiency of suckling buffalo calves. 

A total of 18 newly born buffalo calves (12 males and 6 females) were 
used in this study. Animals were distributed according to their body weights 
and sex to 3 experimental treatments, each treatment consisted of 6 calves 
(4 males and 2 females). In the control (R1), animals were fed the basal 
ration consisted of whole milk, starter and berseem hay. While, in the second 
treatment (R2) animals were fed the basal ration plus a supplement of 6g 
commercial probiotic product/ calf/ day as recommended by the producer in 
the whole milk once daily during the morning suckling. Commercial probiotic 
product is a natural product which contains fermented soybean meal with a 
culture of lactic acid bacteria with a bacteria count of 108 CFU/ml as well as 
fermented grass from pastures rich in herbs, horseradish and fermented oak 
bark shavings. Meanwhile, in the third treatment (R3) animals were fed the 
basal ration plus a supplement of 4g MOS (Bio-Mos)/ calf/ day/ as 
recommended by Terre et al., (2007) in the whole milk once daily during the 
morning suckling. Bio-Mos is a natural product derived from the outer cell wall 
of a specific strain of saccharomyces cerevisiae. The product contains 
mannan, glucan, protein and various other components found in the yeast 
cell wall (100% purity) as mentioned by Terre et al. (2007). Calves were used 
directly after the colostrum feeding period at three days of age up to weaning 
(15 weeks old). Calves were individually suckled milk by bucket twice daily at 
8.00am and at 4.00 pm, while dry feeds (starter and berseem hay)were group 
fed ad lib., starting from 2nd weeks of age up to weaning at 15th weeks of age. 
Feed residuals, if any were weighed and amounts consumed were recorded 
daily for each group. Clean water was available in free amount. Vitamins and 
minerals mixture blocks were provided freely. Health condition of calves were 
supervised over entire experimental period and cases of diarrhea or any 
other diseases were recorded. Calves were fed according to the 
recommended requirements of Animal Production Research Institute (1997). 
Individual live body weight (LBW) was recorded every two weeks and then 
total and average daily gain (ADG) were calculated. Starter composition was 
43% yellow corn, 25% wheat bran; 15% Soybean meal; 10% linseed meal; 
4% molasses, 2% limestone and 1% common salt. 

Blood samples were collected by jugular vein puncture in clean test 
tubes from all experimental calves in the morning before feeding and drinking 
at 35th , 70th and 105th day age. The samples were left to clot for 24 hr in 
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refrigerator and centrifuged at 4000 rpm for 15 minutes. Blood serum was 
carefully separated and stored at – 20˚C for determination of total proteins 
(TP), albumin, globulin, albumin/ globulin ratio (A/ G ratio), aspartate amino 
transferase (AST), alanine amino transferase (ALT), cholesterol, triglycerides, 
Glucose, Zn and Fe. Total proteins and albumin were determined according 
to Doumas and Biggs (1972 a &b), globuline was calculated by subtraction 
concentration of albumin from the corresponding total protein then albumin/ 
globulin ratio (A/ G ratio) was also calculated. AST and ALT activities were 
determined as described by Reitman and Frankel (1957). Commercial kits 
were used for calorimetric determination of serum total cholesterol, 
triglycerides and serum glucose. Urea nitrogen concentration was determined 
according to Talk and Schubert (1965) and creatinine concentration 
according to Bartels (1971). Concentration of Fe and Zn in serum were 
determined by the absorption spectrophotometer. 

During the experimental period in weeks 8 – 10, three digestibility trials 
were carried out using 3 calves in each group to determine the digestion 
coefficients of experimental diets. Each digestibility trial consisted of 14 days 
preliminary period, followed by 7 days of fecal collection. Fecal grape 
samples were taken from the rectum three time daily during the collection 
period. Acid insoluble ash (AIA) was used as natural marker for nutrients 
digestibility determination (Van Keulen and Young, 1977). Representative 
samples of starter, berseem hay and feces were analyzed according to A. O. 
A. C. (1990). Whole milk samples were analyzed using milko –Scan (133 B. 
Foss Electronic). 

The data was subjected to statistical analysis using general linear 
model procedure adapted by SPSS (1999) for user's guide with one – way 
ANOVA. Also, Duncan's test within program of SPSS was done to determine 
the degree of significance between the means. 
 

RESULTS AND DISCUSSION 
 
Chemical composition: 

Chemical composition of feed ingredients is shown in Table (1). 
Chemical composition of buffalo milk, starter and berseem hay were within 
the range obtained by El – Ashry et al. (2003) and Matter et al. (2005). 
 
Table (1): Chemical composition (on DM basis) and nutritive values of 

whole milk and experimental feedstuffs. 

* Calculated from tabulated values (APRI, 1997) 

 
Digestibility coefficients: 

Data in Table (2) showed that, DM, CP, CF and NFE digestbilities of 
R3 were significantly (P<0.05) higher than R1 (control). Also, CP and CF 

Items DM % 
Chemical composition, DM basis % Nutritive values%* 

OM CP CF EE NFE Ash TDN DCP 

Buffalo milk 16.71 95.27 23.64 -- 38.78 32.85 4.73 23.50 3.80 
Starter 90.50 92.06 17.46 4.85 3.98 65.77 7.94 71.46 11.52 
Berseem hay 89.73 88.40 12.91 30.58 2.40 42.51 11.60 51.40 7.40 
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digestbilities of R2 were significantly (P<0.05) higher than R1. Meanwhile, EE 
digestibility did not significantly differ among treatments. These results 
confirm those obtained by McCormick (1984), Nahshon et al. (1992) and 
Shimkus (2004). 
 
Table (2): Digestion coefficients (%) of different experimental 

treatments by buffalo calves at 10 weeks age. 
Nutrient R1 R2 R3 

DM 71.64b ± 0.98 73.31ab ± 0.49 75.74 a ± 0.72 
CP 74.40 b ± 0.62 76.90 a ± 0.65 78.34 a ± 0.79 
CF 51.24 b ± 0.75 53.91 a ± 0.94 54.98 a ± 0.54 
EE 80.79 ± 0.52 81.11 ± 0.95 82.31 ± 0.81 
NFE 76.45 b ± 0.75 78.50 a b ± 0.43 79.85 a ± 0.91 
a and b: Means within the same row with different superscripts significantly (P< 0.05) 

differ. 

 
The improvement effects of MOS (R3) may be attributed to its ability to 

improve intestinal bacteria balance which help to improve nutrients 
digestibility (Dvorak et al., 1997).Kumprechtova and Lllek (2007) reported 
that, the goals of MOS supplementation include the optimization of intestinal 
microflora composition, increasing the nutrients absorption, prevention of 
intestinal disorders and achievement of better performance results. Pettigrew 
(2000) reported that the responses to MOS are real and important.  

The improvement of probiotic (R2) may be attributed to its ability to 
induce the microbial aquilibrium of the jut in order to prevent gut digestive 
disorders and / or enhancing the growth of desirable gastrointestinal 
microbes of the host animals (Fuller, 1988 and Marionnet and Lebas, 1990). 
Sissons (1998) found that, probiotics supplement gives daily protection 
against any pathogens which may enter the animal's gut.This effect improves 
the process of digestion and absorption of nutrients. In addition, lactobacillus 
species present in the probiotics have been shown to produce digestive 
enzymes; amylase, protease and lipase, which may enrich the concentration 
of digestive enzymes (Moon and Kim, 1989 and Lee and Lee, 1990). Voia et 
al. (2000) reported that increased absorption capacity of nutrients as a result 
to probiotic supplementation may be due to faster development of ruminal 
mucosa, papillae and vascularization as microscopy of rumen of calves fed 
probiotic revealed. 
Feed intake: 

Results in Table (3) revealed that calves fed MOS (R3) recorded the 
highest total dry matter intake (DMI), it was higher than control by 9.11%. 
While calves fed probiotic (R2) recorded medium total DMI, it was higher than 
control by 5.95%. Control group (R1) recorded the lowest total DMI. These 
results are in accordance with those obtained by Jenny et al. (1991), Abu-
Tarboush et al. (1996) and Hooge (2006). The improvement in total DMI may 
be due to the positive effect of MOS or probiotic on nutrients' digestibility as 
shown in Table (2). Since nutrients' digestibility recorded by calves fed MOS 
or probiotic were higher than those recorded by control calves (Abd El-Ghani, 
2004 and Kumprechtova and Lllek, 2007). Moreover, calves fed diet 
supplemented with probiotic (R2) and MOS (R3) consumed starter 6.24 and 
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8.24% more than calves fed control diet (R1), respectively. These results are 
in accordance with those obtained by Newman et al. (1993); Dvorak et al. 
(1997) and Terre et al. (2007) who found that addition MOS to milk replacer 
significantly increased starter intake. While, Jacques and Newman (1994) 
reported that, starter intake tended to be insignificantly higher for young 
calves given MOS. On the other hand, Schwab et al. (1980) reported that 
when calves were fed probiotic, starter  intake tended to increase. 
Furthermore, berseem hay as dry matter intake by calves fed supplemented 
diets with probiotic or MOS was more than intake by calves fed control diet by 
13.43 and 23.88%, respectively. These results agreed with those found by 
Tarakanov (1993) and Skorko – Sajko and Sajko (1997) who reported that 
MOS increased the intake and efficiency of utilization of roughage. 
Supplementation of probiotic may enhance roughage fermentation and/ or 
prompt in emptying the rumen, which may lead to increasing roughage intake 
(El-Basiony et al., 2001). 
 
Table (3): Average daily intake* DM, TDN and DCP of buffalo calves                 

fed different experimental treatments. 
Items R1 R2 R3 

Total DMI, kg/ calf/ day: 1.647 1.745 1.797 
Milk 0.462 0.462 0.462 
Starter 0.850 0.903 0.920 
Berseem hay 0.335 0.380 0.415 

Total TDN intake, kg/ calf/ day: 1.515 1.582 1.616 
Milk 0.647 0.647 0.647 
Starter 0.679 0.721 0.735 
Berseem hay 0.189 0.214 0.234 

Total DCP intake, g/ calf/ day: 240 251 256 
Milk 104 104 104 
Starter 109 116 118 
Berseem hay 27 31 34 

Calves were group fed (6 calves per each) 

 
The average daily TDN and DCP intake presented in Table (3) followed 

similar trend to that recorded for DMI. These results agree with those 
obtained by El-Ashry et al. (2003) and El-Bordeny et al.(2005) for buffalo 
calves. 
Daily body gain (DBG): 

Data presented in Table (4) cleared that, average of initial body weight 
were nearly similar for different groups. The average of daily body gain 
(DBW) of calves fed R3 was significantly (P<0.05) higher than those fed R1 
during period from 2nd week till 10th week. While the average of DBG of 
calves fed R2 was significantly (P<0.05) higher than those fed R1 during 
period from 2nd week till 4th week. Meanwhile, there were no significant 
differences among supplemented groups (R2 and R3). The trends of daily 
body gain during different weeks indicated that the average of DBG was 
higher (P<0.05) for calves fed supplemented rations (R2 and R3) than calves 
of control group (R1) during the first weeks of experiment.  
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Table (4) Average daily gain of buffalo calves fed experimental 
treatments. 

Items R1 R2 R3 

Calves, no 6 6 6 
Initial weight, kg 37.17±1.47 39.33±1.61 37.50±1.18 
Average daily gain, kg/ day:    

2nd week 0.394b ± 0.03 0.515 a ± 0.04 0.561 a ± 0.04 
4th week 0.416 b ± 0.02 0.536 a ± 0.03 0.571 a ± 0.03 
6th weeks 0.500 b ± 0.04 0.584 ab ± 0.03 0.654 a ± 0.03 
8th weeks 0.607 b ± 0.03 0.679 a b ± 0.03 0.774 a ± 0.02 
10th weeks 0.679 b ± 0.05 0.750 ab ± 0.05 0.869 a ± 0.04 
12th weeks 0.869 ± 0.06 0.869 ± 0.04 0.905 ± 0.07 
15th weeks 0.952 ± 0.06 0.960 ± 0.03 0.976 ± 0.06 

Overall mean 0.660 b ± 0.03 0.722 ab ± 0.01 0.779 a ± 0.02 
 a and b: Means within the same row with different superscripts significantly (P< 0.05) 

differ. 

 
During the whole suckling period, addition of MOS (R3) significantly 

(P<0.0) increased average DBG by 18.03% compared to control (R1). 
Meanwhile, addition of probiotic (R2) insignificantly increased average DBG 
by 9.39% compared to R1. Whereas, the differences between supplemented 
groups (R2 and R3) were insignificant. Improving of average DBG of calves 
fed supplemented rations may be due to the positive effect of MOS and 
probiotic on DM intake and nutrients digestion as shown in tables 2 and 3 
(Gaafar et al., 2005; Saleh et al., 2005 and Kumprechtova and Lllek, 2007). 
Also, the improved DBG of calves fed MOS may be due to its mod of action: 
1) bind to cell wall of bacteria preventing the bacteria to attach to intestinal 
epithelial cells (Spring et al., 2000); 2) MOS may enhance the immune 
system by evoking a direct antibody response (Newman and Newman, 2001). 
On the other hand, improved DBG of calves fed probiotic may be a result to 
favorable growth of useful bacteria which colonized in intestine more quickly 
than pathogenic bacteria (Abe et al., 1995).These results are in harmony with 
those observed by Abe et al. (1995); Dildey et al. (1997). Gaafar et al. (2005) 
and Wolber et al.(2007). Calves fed diet supplemented with MOS gained 
approximately 19% (Newman et al., 1993), or 14.40% (Dvorak et al., 1997) 
faster than those fed control diet. Regarding probiotic, DBG of calves fed diet 
supplemented by probiotic was better than those fed control diet by about 7% 
(Thomas et al., 1974). On the other hand, some studies showed no effect on 
DBG with adding MOS to young calves diets (Terre et al., 2007) or probiotic 
(Morrill et al., 1977 and Owen and Larson, 1984 ). 
Blood serum parameters :  

Concentrations of total protein, albumin and globulin for treatment R3 
were higher (P<0.05) than the control and the A/G ratio values for R3 and R2 
were lower than those of control (Table 5 ). In general, R3 recorded the highest 
(P<0.05) value of serum total protein followed by R2 then control. 
Concentration of total protein was higher (P<0.05) by about 42.45 and 35.25 % 
in R3 and R2 claves than control, respectivily.  
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The present results are in agreement with the results of El Ashry et al. 
(2002) who reported that supplementing suckling buffalo calves with probiotic 
and acidified milk increased their plasma total protein level as compared to the 
control claves. Abdel-Khalek et al. (2000) and Ragheb (2003) found that the 
concentration of total protein was higher in Lacto-Sacc calves than the control. 
The present results could be related to the beneficial effect of MOS and 
probiotic supplementation on increasing protein digestibility through the 
enzymatic effect of protease and alteration of amino acid profile of digesta due 
to increasing microbial protein synthesis (Williams, 1989 and Abdel-Khalek et 
al., 2000). 

These results were parallel with the results of CP digestibility   (Table 2), 
which indicated better utilization of dietary protein through digestive tract. 
These results agree with the conclusion of Kumar et al. (1980) who reported 
that there was a positive correlation between dietary protein and serum protein 
concentration. Yousef and Zaki  (2001) noticed that the increase in digestibility 
of CP may be a reason for the increase of serum total protein. Also, serum 
proteins are considered a reliable index reflecting health and performance 
characteristics of the animals (Kumar et al., 1980). This results may be 
attributed to the role of MOS and probiotic in improving most nutrients 
digestibility especially CP (Table 2). This probably led to an increase in the 
absorption rate from digestive tract (Lee and Lee, 1990).   
 Albumin concentration in blood serum was significantly (P<0.05) lower 
in control than R3 (Table 5). In other words R3 and R2 recorded the highest 
values of serum albumin by about 21.11 and 16.07% than R1, respectivily. The 
present results are in agreement with that of Abdel-Khalek et al. (2000) and 
Ragheb (2003) working on Lacto-Sacc. El Ashry et al. (2002) reported that 
supplementing suckling buffalo calves with probiotic and  acidified milk 
increased the plasma albumin level relative to the control claves.  The increase 
of albumin in response to MOS and probiotic supplementation may be 
associated with improved nitrogen absorption (Lee and Lee, 1990). Serum 
albumin have been shown to be a good indicator of nitrogen status, especially 
in small ruminants (Ingraham and Kappel, 1988; Gaskins et al., 1991 and 
Laborde et al., 1995). This results may be due to higher (P<0.05) digestibility of 
crude protein for treated than control groups (Table 2). Rowlands (1980) 
reported that dietary protein could affect the concentration of serum albumin. 
Saleh et al. (2005) noticed that the increase in digestibility of CP may be a 
reason for the increase of albumin concentration. On the other hand, El-Ashry 
et al. (2004) reported that the increase in serum albumin of heifer claves 
supplemented with Lacto-Sacc may be due to the role of growth promoter on 
decreasing the deamination of amino acids. Albumin acts as a significant 
mobile protein store for amino acids. (White et al., 1959).  Data obtained 
suggested the normal status of liver since, the liver is the main organ of 
albumin synthesis. 

The globulin content in blood serum was the highest (P<0.05) with R3, 
while control had the lowest value (Table 5). Intermediate values of serum 
globulin were found for R2. There was no significant difference between R2 
and R3.Concentration of globulin was higher by about 126.83 and 112.20% in 
R3 and R2 claves than control (Table 5). These results agreed with those 
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obtained by El Ashry et al. (1994) using Lactobacillus concentrate (LBC) or 
probiotic, yeast culture  and probiotic acidified milk (El Ashry et al., 2002) for 
suckling buffalo calves and using Lacto-Sacc on growing buffalo (El Ashry et 
al.,2004). There three studies revealed that such supplements caused 
increased in plasma globulin level relative to the control claves. Hussien 
(1986) attributed this increase mainly to the increase in globulin and 
development of the immune syatem.  The increase in globulin level may be 
induced by an improved immune response in calves supplemented with MOS 
and probiotic. Chang and Mowat (1992) found that chromium supplied by 
yeast may have improved the immune response of calves due to increasing 
serum total immunoglobulin. The high levels of globulin of R3 treatment may 
indicate good developed immunity status (Kitchennham et al., 1975). Maxine 
(1984) reported that albumin tends to predominate over globulin in sheep and 
goats. While, Ragheb (2003) by using Lacto-sacc and acid pak on Friesian 
calves and Kholif and Khorshed (2006) reported that using yeast or selenized 
yeast supplemented caused decreased plasma globulin by about 14 and 23.4 
% in treated than control calves. The globulin concentrations in T2 and T3 
were within the normal values indicating good immunity status of animals.  

Data obtained indicated that there were no significant differences 
among treatments regarding A/G ratio (Table 5). These results agreed with 
those obtained by El Ashry et al. (1994, 2002 and 2004) and Kholif and 
Khorshed (2006). The A/G ratio tended to decrease in response to any of the 
tested additives relative to the control. 

The data also revealed significant effect of age on serum total protein 
and albumin, but not on globulin and A/G ratio in all treatments (Table 5). It is 
worthy noting that, the effect of MOS and probiotic supplementation on total 
protein, albumin, globulin and A/G ratio was observed at the 2nd half of 
suckling period. The present results are in accordance with those obtained by 
Abdel-Khalek et al. (2000) who reported that the effect of lacto-sacc 
supplement on total protein and albumin was observed during the 2nd half of 
suckling period.   

Supplementation of MOS and probiotic decreased (P<0.05) serum urea 
–N of claves by about 33.20 and 17.64% as compared to the control, 
respectively (Table 5). This may reflect a tendency for improved N utilization 
of feed. Ibrahim et al. (1997); Abdel-Khalek et al. (2000) and Ragheb (2003) 
found similar results in suckling Friesian claves fed whole milk supplemented 
with Lacto-Sacc as compared to the control. These results disagree with 
those obtained by Quigley et al. (1992) who found that plasma urea – N was 
unaffected due to inclusion of yeast culture in calf starter during preruminant 
stage.It is worthy noting that, the significant (P<0.05) effect of MOS and 
probiotic supplement on urea-N was observed at 105 days of suckling period 
(Table 5). 

Supplementation of MOS and ptobiotic did not affect concentration of 
creatinine in serum of claves during suckling period (Table 5). The present 
results are in agreement with those of  Fayed (1995) and El-Ashry et al. 
(2004) who demonstrated that Lacto-Sacc had no significant effect on serum 
creatinine values of the treated animals provided that dietary protein was 
sufficient. 
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        Activity of AST increased by about 38.69 and 21.62% in serum of calves 
supplemented with MOS (R3) and Probiotic (R2) than control, respectively, 
while ALT decreased by about 14.4 and 8.48% in serum of calves 
supplemented with MOS (R3) and probiotic (R2) as compared to the control 
(Table 5). Ragheb (2003) found similar results with suckling Friesian claves 
fed whole milk supplemented with lacto-sacc and acid pak. The present 
results disagree with the results obtained by Abdel-Khalek et al. (2000) and 
Kholif and Khorshed (2006) who reported that values of serum AST and ALT 
were not significantly affected by using yeast or selenized yeast treatments. 
The values of serum AST and ALT obtained in the present study are 
comparatively higher and lower, respectively than the normal rangs for claves 
which may be due to several factors such as feeding practices, genetics 
control, response to stress, age, liver function and body weight (Boots et al., 
1969). On the other hand, the lower values in the present study may be due 
to differences in the plan of nutrition or to differences in the duration of 
feeding experiment.  

Activities of both AST and ALT were significantly (P<0.05) affected by 
age. Thus age and interaction of age level of MOS and probiotic caused 
changes in the activity of serum AST and ALT. However, AST and ALT 
activities reached peaks at 35 to 70 days of age and were slightly decreased 
with the progress of age. These results disagree with those obtained by 
Abdel-Khalek et al. (2000) who found that a supplement of Lacto –Sacc did 
not affect activities of AST and ALT in plasma of claves during the suckling 
period.  

 Supplementation of MOS and probiotic increased (P<0.05) 
concentration of total lipids by about 17.62 and 7.52% and decreased 
cholesterol concentration by about 13.21 and 9.19% in serum of MOS and 
probiotic claves as compared to the control, respectively (Table 5). Mean 
values of serum cholesterol for treated animals (R2 and R3) were significantly 
(P<0.05) lower than that of control animals. Abdel-Khalek et al. (2000) and 
Ragheb (2003) working on Friesian calves and El-Ashry et al. (2004) on 
buffalo claves, reported similar trend of reduction in cholesterol in milk 
supplemented with Lacto-Sacc. The current study indicated that increasing 
total lipids was associated with decreasing cholesterol as affected by MOS 
and probiotic supplementation. O,Kelly (1987) reported that cattle lack 
homeostatic mechanism for cholesterol regulation in blood and its amount 
depends on the quantity of long – chain fatty acids absorbed from alimentary 
tract. In light of the previous results, MOS and probiotic may lead to 
somewhat alteration in bacterial lipids content by stimulation of bacterial lipids 
synthesis (Williams, 1989). Furthermore, MOS and probiotic as a yeast 
culture has anticholesterokeamic effect (Fuller, 1989). 

During the suckling period, significant (P<0.05) differences were 
noticed earlier in cholesterol   (started at 35-70 days) than that in total lipids 
(at 70-105 days) (Table 5). These results were similar with those obtained by 
Abdel-Khalek et al. (2000). 

Supplementation of MOS and probiotic did not affect serum 
triglycerides concentrations of claves during the suckling period (Table 5). 
The concentration of triglycerides tended to decline in treated than control 
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calves. The present results are in agreement with those of  Antunovic et al. 
(2006). 

Supplementation of MOS and probiotic increased (P<0.05) glucose 
level by about 32.83 and 23.82 % in serum of MOS and probiotic claves as 
compared to the control, respectively (Table 5). The higher glucose level in 
blood may be related to rapid rate of hydrolysis and absorption of the dietary 
carbohydrates in the alimentary tract. The present results are in accordance 
with those obtained by Abdel-Khalek et al. (2000).The higher level of glucose 
as affected by MOS and probiotic supplementation may be related to the 
effect of MOS and probiotic through activity of amylase that lead to increasing 
carbohydrates hydrolysis in the small intestine of suckling claves into glucose 
as end- product (Williams, 1989).  

The glucose level reached a peak at 35 to 70 days of age and was 
slightly decreased with the progress of age. The data also revealed 
significant effect of age on serum glucose level. Such pattern of response is 
in agreement with that reported by Abdel-Khalek et al. (2000) who found that 
the increase of glucose level was significant (P<0.05) at earlier suckling 
period.  

From the present study, it can be concluded that MOS and probiotic 
supplementation for growing buffalo claves induced increases by about 4.15 
and 2.17% of Zn and induced significant (P<0.05) increases by about 42.45 
and 29.54% of Fe levels in serum of MOS and probiotic groups as compared 
to the control, respectively  (Table5). The increase in serum Zn and Fe levels 
may be due to the apparent effect of MOS and probiotic on minerals release 
from the animals body, in which MOS and probiotic supplementation has 
been shown to protect animals against the stress which induces losses of 
several trace elements such as Zn, Fe, Cu and Mn in claves. Such pattern is 
in agreement with that reported by Chang and Mowat (1992). On the other 
hand, it is well known that immunoglobulin production is regulated by specific 
enzymes that have a trace elements at their core, the most common being Zn 
, Cu and Fe (Fielden and Rotilio, 1984). Possibly, MOS and probiotic may 
participated in certain enzymes that increase immunoglobulin synthesis which 
indirectly affect immunoglobulin levels.    

There were significant (P<0.05) differences in serum Zn and Fe levels 
among the age of claves under consideration (Table5).  

In general, the present values of blood constituents are within the 
normal range reported for suckling buffalo claves (El Ashry et al., 2002) and 
indicate the beneficial effect of MOS and probiotic on improvement of protein, 
fat and carbohydrate metabolism without any  adverse effects on kidney and 
liver function of MOS and probiotic claves. 
Feed conversion: 
      Results obtained for feed conversion (kg DM, TDN and DCP/kg gain) are 
presented in Table (6). It is observed that, calves fed non supplemented diet 
(R1) were less efficient compared with those fed diets supplemented with 
probiotic or MOS (R2 or R3). On the other hand calves fed R3 had the best 
efficiency as kg DM, TDN, and DCP/ kg gain. The results showed that calves 
fed R2 or R3 converted their diets to live weight gain more efficiently than 
those fed R1. The improvement of feed conversion for calves fed 
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supplemented diets compared to those fed control diet might be attributed to 
the increased efficiency of nutrients absorption and / or nutrients utilization or 
both (Roberton and Chevalier, 1997 and Kumprechtova and Lllek, 2007). 
These results agreed with those obtained by Abe et al., (1995), Sandi and 
Muhlbach (2001); Wolber et al. (2007) Gaafar et al. (2005). They found that 
MOS or probiotic supplementation improved feed conversion of newborn 
calves. 
Some health problems: 

The results pertaining to the incidence of diseases indicate that the 
calves mostly suffered from diarrhea (Table 6). Data obtained from this 
showed that MOS and probiotic supplementation (R3 and R2) resulted in 
lower percentages of incidence of diarrhea (16.67 and 33.33%, respectively) 
compared to control (66.67%). The improvement due to feeding MOS or 
probiotic may be attributed to their ability to produce acidic in rumen media 
which make it unsuitable for normal growth of bacteria causing diarrhea (El-
Ashry et al., 1994 and Choi et al., 1994). MOS enhance health by stimulating 
antibody production (Savage et al., 1996) or by affecting intestinal 
morphology and function (Iji et al., 2001). Also, probiotic has an enhancement 
immune response and increase white blood cells (Abou'l Ella et al., 2003). 
Theses findings are in accordance with Newman et al. (1993); Ibrahim et al. 
(1997); Heinrichs et al. (2003) and Shitta (2005). 

From the previous data, it could be noticed that calves are quite 
susceptible to diseases during the early stages of life. Therefore, the 
beneficial effect of MOS and probiotic during the early stages of life. These 
results would support recommendation of the prophylactic use of MOS and 
probiotic in first weeks of calf's life. Evidence of beneficial effects during the 
early stages of life in calves supplemented with MOS and probiotics has also 
been reported by Jenny et al. (1991); Quintero – Gonzalez et al. (1994); 
Cruywagen et al. (1996) and Skorko – Sajka and Sajko, (1997). 
 
Table (6): Feed conversion; occurrence of diarrhea and economical 

evaluation of buffalo calves fed experimental treatments. 
Items R1 R2 R3 

Feed conversion*:    
Kg DM/ kg gain 2.50 2.42 2.31 
Kg TDN/ kg gain 2.29 2.19 2.07 
Kg DCP/ kg gain 0.364 0.347 0.328 

Diarrhea, cases 4 2 1 
Economic evaluation:    

Daily cost, LE/ head 10.00 10.42 10.49 
Daily cost, LE/ kg gain 15.15 14.43 13.47 
Relative cost of kg gain 100 95.25 88.91 
Weight gain price, LE 11.88 13.00 14.02 
Return, LE 1.88 2.58 3.53 
Return, LE/ kg gain 2.85 3.57 4.53 
Return improvement/ kg gain -- 25.26% 58.95% 
Economic efficiency** 1.19 1.25 1.34 

*  Group feeding (6 calves per each). 
** Economic efficiency = weight gain price/ daily cost. 
Feedstuffs and body gain price: 
Starter = 1500 LE/ ton      Berseem hay = 750 LE/ ton      MOS = 80 LE/ kg  
Probiotic = 40 LE/ kg       Buffalo milk = 3000 LE/ ton      Body gain = 18 LE/ kg. 
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Economic efficiency: 
The cheapest daily cost/ kg gain was recorded for calves fed R2 and R3, 

while the expensive gain cost was found for calves fed R1 (Table 6). It was 
noticed that daily cost/ 1 kg gain decreased by 4.75% and 11.09% and return/ 
1 kg increased by 25.26 and 58.95% for calves fed R2 and R3, respectively 
compared to those fed control ration. Better economic efficiency obtained with 
calves fed R2 and R3 may be due to increasing of daily body gain and 
decreasing daily cost for calves fed supplemented diets compared to control. 
These results are in agreement with those reported by Sandi and Muhlbach 
(2001) who found that feeding young calves diet supplemented by MOS 
reduced average cost/ kg body weight. Also, Gaafar et al. (2005) reported that 
feeding newborn calves diet supplemented by probiotic reduced feeding cost 
per kg gain.  

 
CONCLUSION 

 
It can be concluded that, supplementing milk of suckling buffalo calves 

with mannan oligosaccarides (MOS) or commercial probiotic product 
enhance feed intak, body weight gain, feed conversion, some blood 
parameters and rearing economic efficiency, with a higher superiority of MOS 
results. 
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 تأثير بعض الإضافات الغذائية في تنشئة العجول من الميلاد حتى الفطام 
 لدم الأداء الإنتاجي وبعض قياسات ا -1

 مصطفي حسين طلحة ، رأفت إبراهيم معوض ، أمجد أحمد أبوالعلا و جمال حسين ظاظا 
 مصر . –مركز البحوث الزراعية  –معهد بحوث الإنتاج الحيواني 

  
عجت  ععجةتج جوسعستته ة تسمج حستسو  ست  عنسهتتو عجسستهو  ثت     تتج  81استخدم  يته اتاا اث  تت  

 مف مةاسج خأ سة   ويج سععسن سن الإ تويوو اثذاايستج استو عجةج  ك  سجسععج (  ه 2عجع ، 4سجسععوو )
probiotic  كسسشتتت خجتتوة  عmannan oligosaccarides (MOS)   عةتت  ااماا الإسختتوجه ع متت

( عةتت  اثمةس تتج ااسوستتسج R1حسوستتوو اثتتم  ثةمجتتع  اثجوسعستته اثة تتسمج ناتتاسو  سعاستتوو سجسععتتج اثس وةستتج )
( R3( عاث وث تج )R2ةست  اث ةستس   سسستو اتاسو  سعاستوو اثسموسةتج اث وسستج )اثسكعسج سن اثة ن عاثمةف اث توم  عم
/سع  سةة عا مة يته ثت ن اثة توعج  /عج  MOSج  4أع   probioticج  6عة  اثمةس ج ااسوسسج سع   ويج 

 اثص و سج عة  اثخعاثهن
ستج عةتسه   تةس تج عكون ك  عج  سخذاى عة  اثة ن سسفةماً أسو مةست  اث ةستس  عاث توم  يكوستو ختخ  اثخذا

أست ععناسخمو اثفختةة اثخجةس ستج ستن 81جسوعسج ثةش ع   خماااً سن ااس عع اث وسه  خ  سهوستج اثخجة تج عستم عستة 
أستت عع عكتتون ستتخ  خ تتمسة اثستتأكع  سعسستتوً عكتتاثو ستتخ  عنن اثمجتتع  كتت   81أستتو   ختت  اثفتتتو  عستتم عستتة 3عستتة 

 وثج  سهو  عيه ااست عع اثموشتة ستن عستة اثمجتع  أس ععسن سع س  ظج اثص ج اثموسج ثةمجع  عخسجس  أ  
عجع  اكتعة ستن كت  سجسععتج عجسمتو عسستوو اثتم  ستن كت  اثمجتع  عستم 3خجوة  ا    وسخدما  3أجةسو 
 سع  عاثو ث سو  اثخذسةاو اثخه تةأو عة   م  سكعسوو اثم ن 871، 07، 31عسة

 -فيما يلي أهم نتائج هذه الدراسة:

 ( ستتجةو عجتتع  اثسموسةتتجR3ا )(ةخفوعتتو سمسعستتوً عتتن اثسموسةتتجR1 يتته حتتس  جسستتع سمتتوس و ا تت  اثستتعام )
( يته سمتوس و R1( سجةو اةخفوعو سمسعسوً عن اثسموسةتج )R2اثذاايسج سوعما اثمان اثدو  أسو اثسموسةج اث وسسج)

 ا   اث ةعخسن اثدو  عااثسوف اثدو  ي تن

 ( سجةو عجع  اثسموسةجR3ستن اثست ) ومة اثجويتج عاثسةك توو اثكةستج اثسه تعسج ( أعة  ستأكع )كج /ةأ /سع
 (نR1(    عجع  اثسموسةج )R2عاث ةعخسن اثدو  اثسه ع  خةسهو عجع  اثسموسةج )

 ( ستتتجةو عجتتتع  اثسموسةتتتجR3( أعةتتت  سمتتتم  سستتتع ستتتعسه )خةسهتتتو عجتتتع  اثسموسةتتتج  ,007 ) كج /ةأ /ستتتع
سع ( عكوسو اثفةعق سمسعستج  تسن كج  /ةأ  /,667كج /ةأ /سع (    عجع  اثسموسةج اثس وةسج),022اث وسسج)

 ي تن R3،R1اثسموسةج 

  ، أظهتتةو اثسختتويو  تتمع  نستتومة يتته خةكستتناو كتت  ستتن اث تتةعخسن اثكةتت  ، ااث ستتعسسن، جةع ستتعثسن اثسسوعتتج
ععظويف اثك م عاثةس سماو اثكةستج عاثجةعكتعن ع اثنستو عاث مستم ستع  تمع  س تك يته خةكستناو اثكعثستخسةع  

 ثسعةسو يه اثسموسةج اث وسسج عاث وث ج عن اثكسخةع  نعاثجةسسةسماو اث   سج عا

 ( ستتجةو عجتتع  اثسموسةتتجR3 ( أي تت  سمتتم  خ عستت  اتتاايه سم تتةاً عستتج )كجتت  ستتومة جويتتج أع سةك تتوو كةستتج
 (نR2(    اثسموسةج )R2سه عسج أع  ةعخسن دو  سه ع  /كج  سسع( خةسهو عجع  اثسموسةج )

 ثع ظ اسدفو  سس ج الإصو ج  ولإسهو  سخسجج (اسخدما  الإ ويوو اثذاايستج اثت سمستجR3،R2 عتن سجسععتج )
 اثس وةسجن

 (أظهة اثخ سس  الاحخصوم  أن أح  خكةفج خذاسج/كج  سسع كوستو ث سعاستوو اثسموسةتجR3(خةسهتو اثسموسةتج )R2  ت  )
 (نR1اثسموسةج)

 ن  ثتت  ثتت  probioticأع MOSعخع تته اتتاد اثمةاستتج أن   تتويج اثسسشتتتوو اثذاايستتج اثت سمستتج س تت  
اثمجتتع  اثجتتوسع  اثة تتسمج أمو  ثتت  نستتومة سمتتم  اثسستتع اثستتعسه عخ ستتسن  متت  حسوستتوو اثتتم  عكتتاثو اثكفتتواة 

 نMOSاثذاايسج عالاحخصومسج عخ  اث صع  عة  أي   اثسخويو سع 
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Table (5): Effect of MOS and probiotic supplementation on claves blood serum protein fraction, liver and kidney 
function and minerals after feeding. 

Blood components   Treatments   
Age of claves (days) R1 R2 R3 Overall mean 

Total protein 35 4.10 ± 0.08 6.55 ± 0.36 5.72 ± 0.21 5.46A ± 0.22 
(g/dl) 70 4.41 ± 0.39 5.94 ± 0.57 7.47 ± 0.59 5.94A ± 0.52 
 105 4.00 ± 0.07 4.44 ± 0.58 4.62 ± 1.17 4.35B ± 0.61 
 Overall mean 4.17b ± 0.18 5.64a ± 0.50 5.94a ± 0.66  
      

  Albumin  35 2.94 ± 0.47 3.78 ± 0.50 4.11 ± 0.77 3.61B ± 0.58 
(g/dl) 70 3.75 ± 0.46 4.77 ± 0.17 5.03 ± 0.42 4.52A ± 0.35 
 105 3.36 ± 0.20 3.16 ± 0.17 3.07 ± 0.38 3.20B ± 0.25 
 Overall mean 3.36b ± 0.20 3.90ab ± 0.28 4.07a ± 0.52  
      

   Globulin  35 1.17 ± 0.48 2.77 ± 0.17 1.61 ± 0.57 1.85A ± 0.41 
(g/dl) 70 0.66 ± 0.29 1.17 ± 0.59 2.44 ± 0.91 1.42A ± 0.60 
 105 0.64 ± 0.21 1.28 ± 0.56 1.55 ± 0.99 1.16A ± 0.59 
 Overall mean 0.82b ± 0.33 1.74ab ± 0.44 1.86a± 0.82  
      

A/G ratio 35 2.51 ± 2.00 1.36 ± 0.23 2.55 ± 1.46 2.14A ± 1.23 
 70 5.68 ± 4.79 4.04 ± 0.90 2.07 ± 1.49 3.93A ± 2.39 
 105 5.25 ± 1.55 2.47 ± 3.06 1.98 ± 1.48 2.23A ± 2.03 
 Overall mean 4.59 a ± 2.78 2.62 a ± 1.40 2.20 a± 1.48  

Liver function      
AST (U/L) 35 18.83 ± 12.14 29.00 ± 3.47 14.50 ± 4.38 20.78A ± 6.66 
 70 13.33 ± 1.34 14.67 ± 1.34 27.00 ± 4.00 18.33AB ± 2.23 
 105 12.67 ± 1.77 10.83 ± 1.17 20.67 ± 4.21 14.72B.± 2.38 
 Overall mean 14.94 b ± 5.08 18.17 ab ± 1.99 20.72 a± 4.20  

      
       ALT (U/L) 35 4.00 ± 0.23 3.33 ± 0.34 3.33 ± 0.34 3.55AB ± 0.30 

 70 4.33 ± 0.34 4.00 ± 0.23 3.33 ± 0.34 3.89A ± 0.30 
 105 3.33 ± 0.34 3.33 ± 0.31 3.33 ± 0.25 3.33B ± 0.30 
 Overall mean 3.89 b ± 0.30 3.56 ab ± 0.30 3.33 a ± 0.31  
      

Total lipids (mg/dl) 35 402.12 ± 43.90 316.14 ± 26.39 456.35 ± 75.69 391.54AB±48.66 
 70 291.01 ± 39.02 347.88 ± 19.24 406.09 ± 33.44 348.33B± 30.57 
 105 354.98 ± 17.40 462.96 ± 66.85 370.37 ± 42.69 396.01A± 42.31 
 Overall mean 349.39b ±33.44 375.66a± 37.49 410.94a± 50.61  
      

Triglycerides (mg/dl) 35 29.25 ± 1.18 22.22 ± 1.77 20.18 ± 4.47 23.88A ± 3.47 
 70 24.49 ± 12.94 28.38 ± 8.77 24.26 ± 7.13 25.71A± 9.61 
 105 29.48 ± 8.06 30.38 ± 11.42 22.14 ± 3.86 27.33A ± 7.78 
 Overall mean 27.74a± 7.39 27.13a ± 7.32 22.19a ± 5.15  

      
 Cholesterol (mg/dl)   35 105.57  ± 3.36 107.17 ± 1.90 88.56  ± 8.89 100.43A ± 4.72 

 70 97.71   ± 6.03 78.81 ± 11.60 83.18  ± 5.50 86.57B ± 7.71 
 105 93.53   ± 19.25 83.58 ± 6.92 85.87  ± 6.71 87.66B ± 10.96 
 Overall mean 98.94 a ± 9.55 89.85 b ± 6.81 85.87 b ± 7.03  
      

Glucose ( mg/dl) 35 118.17 ± 2.88 118.52  ± 9.33 153.32  ± 37.03 130 .00A ±16.41 
 70 103.09 ± 20.84 151.08  ± 16.92 121.22  ± 6.35 125.13A ± 14.70 
 105 88.77   ±  6.16 114.27  ± 7.61 137.27  ± 15.51 113.44B ± 9.76 
 Overall mean 103.34b  ± 9.96 127.96 a ±11.29 137.27 a± 19.63  
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Table 5: (Continued). 

Blood components 
  Treatments   

Age of lamb (days) R1 R2 R3 Overall mean 

Urea  (mg/dl ) 35 15.67  ± 0.91 12.13  ± 1.66 11.29   ± 1.42 13.03B ± 1.33 
 70 14.43  ± 2.13 13.28  ± 2.61 15.06   ± 2.52 14.26B  ± 2.42 
 105 29.07  ± 4.92 23.32  ±1.97 13.18   ± 1.61 21.86A  ± 2.84 
 Overall mean 19.73 a± 2.65 16.25ab ± 2.08 13.18 b ± 1.85  
      

Creatinine (mg/dl) 35 0.68  ± 0.20 0.93  ± 0.18 1.74  ± 0.13 1.12 A  ± 0.17 
 70 1.47  ± 0.23 1.72  ± 0.10 1.00  ± 0.09 1.40A  ± 0.14 
 105 1.30  ± 0.10 1.12  ± 0.25 1.37  ± 0.40 1.26A  ± 0.25 
 Overall mean 1.15 a± 0.18 1.26 a ± 0.18 1.37 a ± 0.21  

Minerals      
Zinc ( µg/dl) 35 472.73± 32.58 527.88 ± 14.57 558.18 ± 13.26 519.60A  ±20.14 
 70 564.55 ± 4.18 566.06 ± 16.80 571.21 ± 7.89 567.27B ± 9.96 
 105 568.79 ± 9.58 546.97 ± 3.33 543.33 ± 14.73 553.03B ± 9.21 
 Overall mean 535.35b± 15.45 546.97ab±11.57 557.57 a± 11.96  
      

      Fe ( µg/dl) 35 942.31± 411.29 1242.73±572.98 1015.38±494.50 1066.81AB±492.92 
 70 1582.90±117.79 1783.76±557.39 1524.81± 41.50 1630.49B ±238.89 
 105 149.57 ± 37.62 438.46± 227.25 1270.09 ±265.69 619.38A±176.85 
 Overall mean 891.59b±188.90 1154.98a±452.54 1270.09a±267.23  

   A,B : Values  in the same column within each trait not sharing the superscript significantly differed (P<0.05). 
    a,b, :  Values  in the same row not sharing the superscript significantly differed (P<0.05). 

 


