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SUMMARY 

 

he objective of the present study was to evaluate the productive performance and economic 

efficiency for pre- and post-weaning buffalo calves fed milk replacer (MR) at levels of 9, 10 and 

11% of their body weight in the 1st, 2nd and 3rd groups, respectively. Fifteen buffalo calves of 

average live body weight (LBW) 38.59±1.55 kg were chosen and separated from their dams within 2 h of birth. 

Calves were fed twice daily at the rate of 10% of their LBW on dam colostrum for the first three days and then 

the whole buffalo milk for seven days. Consecutively, calves were divided depending on their body weight into 

three groups with average body weight of 41.89±1.46 kg at the beginning of the experimental period (10 day 

initial age). The obtained results showed that increasing the level of milk replacer in the daily meal of suckling 

calves from 9%  up to 11% of their body weight led to in parallel way to significant (P<0.05) decrease in solid 

feeds of starter, berseem hay (BH) and rice straw (RS). Calves in all experimental groups reached LBW over a 

range (87.35-94.56 kg) at weaning age (15 wk), being the heaviest was occurred with G3, while calves in G1 

showed the lightest ones, being significant differences among dietary treatments. Total and daily gain from 

initial-18 wk were significant higher (P<0.05) in G2 than those of G1, but being similar with those found with 

G3. The digestibility of all nutrients as well as the feeding values (TDN and DCP) did not significantly different 

among the dietary treatments (different levels of MR).   On the other hand, Values of PCV, Hb and RBCs were 

the highest (P<0.05), while WBCs was the lowest (P<0.05) in G2. Concentrations of IgG, IgM and IgA in blood 

serum were significant higher (P<0.05) with G2 than those of the other dietary treatments. Likewise, most blood 

metabolites were also markedly higher with G2 than those of G1 and G3 which have the low or high level of 

MR, respectively. Comparatively the values of liver enzymes and the concentration of thyroid hormones (T4) 

for low level-MR (G1) were mostly significant (P<0.001) higher than those of mid MR level (G2) and 

insignificant higher than those of the high MR level (G3).  It could be concluded that, using milk replacer at 

10% of their live body weight had the improved growth performances of suckling buffalo calves as well as 

recognized highest economic feed efficiency as compared to those reared on the same milk replacer at levels of 

9 or 11%.  This may help farmers to keep up and care of suckling buffalo calves and not sell it, and such regime 

could help to alleviate the problem of milk and beef shortage in Egypt.  

Keywords: Buffalo calves, milk replacer, growth performance, blood biochemicals. 

 

INTRODUCTION 

 

Buffalo is playing a prominent role in rural livestock production providing milk and work draft force 

(Kumar et al., 2011). Egyptian buffalo represent about 1.8% of the world buffalo population (FAO, 1998), 

which is more than 170 million head (FAO, 2004). In Egypt, buffalo milk contributes about 70% of 

domestic milk production (Nigm, 1996). Nutritional cost of milk production is high at all times of the year 

and this drain may interfere with the ability of farmers to the continuation of rearing suckling buffalo calves 

till weaning (3 months of age) on the whole buffaloes milk (WBM).  However, several researchers have 

recognized that averages daily gain of calves at all times of the growing period is less affected by milk 

replacer compared with the whole cow milk (Moms and Wilton, 1976).  

In young calves, rumen development depends on animal age and feed quality that is provided from liquid 

and solid feeds (Weary et al., 2009). Farmers forced to sell male calves at 40 days of age or earlier to save 

milk and avoid calf mortality to increase their income. Researchers used several feeding strategies which 

aimed to reduce the period from birth to weaning and as soon as possible transitioning from liquid to solid 

feed (Baldwin et al., 2004). Feeding dairy calves on milk replacer led to save milk for human consumption 
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(Abdullah et al., 2013). Several authors reported that calves can reach early weaning and age at puberty by 

feeding more milk replacer (Cowles et al., 2006). 

Solids intake by suckling calves is influenced by amount of suckled milk (Baker and Barker, 1978) and 

by availability and quality of solids intake (Wright and Russel, 1987). The range of correlation between level 

of milk consumption and weight gain among calves varies from 0.4 to 0.88 (Wyatt et al., 1977). Solids 

intake by suckling calves increases as lactation declines, and subsequently, applies greater pressure on the 

solids program (Fox et al., 1988). It has also been shown that solids intake per unit of BW before weaning is 

consistently increased for calves receiving low quantities of milk (Broesder et al., 1990) and that the 

consumption of milk decreases different solids intake (Baker et al., 1976). Few experiments have evaluated 

the performance of suckling calves when controlled amounts of milk with consuming solids, and the 

subsequent effect on the feedlot finishing phase.  There were positive impact between reared dairy calves on 

milk replacer (MR) during the pre-weaning period and the long-term productivity of these calves (Soberon 

and Van Amburgh, 2012). In this respect, Bascom et al. (2007) reported that milk replacer had no effect on 

calf performance at weaning or post-weaning, while Kuehn et al., (1994) demonstrated a negative 

relationship between MR and starter consumption by calves. Weaning buffalo calves on solids intake at level 

of 2% (on dry matter basis) of their birth weight would be performed more efficient and economic (Salama 

and Mohy El-Deen, 1999). Using milk replacer in suckling buffalo calves resulted in lower feed cost per 

weight gain by 18.91% as compared to those fed whole milk (Aquino et al., 2008), without any effect on 

growth rate (Lorenz et al., 2011). Therefore, the objective of the present study was to evaluate digestibility, 

growth performance, hematological and blood biochemical parameters, immune response and economic 

efficiency pre- and post-weaning of buffalo calves fed milk replacer at different levels of their live body 

weight (9, 10 and 11%). 

 

MATERIALS AND METHODS 

      

This study was conducted at El-Gemmeza, Animal Production Research Station, belonging to Animal 

Production Research Institute, Agricultural Research Center, Ministry of Agriculture, Egypt. 

Animals: 

         Fifteen suckling male buffalo calves with an average live body weight (LBW) of 38.59±1.55 kg were 

chosen and separated from their dams within 2 h of birth and it were kept in an individual pens (1.0 × 1.5 m) 

bedded with rice straw. Pens were designed to allow calves fed free access of their starter and berseem hay 

(BH) as well as provided free access of water. 

Feeding system: 

Calves were fed twice daily at the rate of 10% of LBW on dam colostrum for the first three days and the 

whole buffalo milk daily for seven days. Consecutively, calves were divided depending on their weight into 

three groups with average body weight of 41.89±1.46 kg at the beginning of the experimental period. Calves 

in the experimental groups were fed milk replacer (MR) at levels of 9, 10 and 11% of their weight in the 1st, 

2nd and 3rd groups, respectively. Liquid milk replacer was prepared at each meal in steel buckets by mixing 

0.18 kg of milk replacer in powder form with one liter of warm water (60±2°C), then decreased to 38°C at 

feeding time. Calves were daily suckled the milk replacer 4 times at 8:00, 11:00, 18:00, and 23:00 h and 

given starter, 3rd cut BH and rice straw (RS) at free choice. Ingredients of milk replacer and starter as well 

as chemical composition on dry matter of feedstuffs are given in Tables (1 and 2).  

At 12 wk of age, calves were gradually weaned by reducing the quarter amount of milk replacer every 

five days up to complete weaning at 15 wk of age, while taking into account the presence of free access of 

starter and good BH as well as provided free access of drinking water. After weaning, all nutritional 

allowance of all groups was calculated according to the standard of Kearl (1982).  

Experimental procedures: 

Growth performance parameters:  

Live body weight (LBW) and feed intake (milk replacer, starter, BH and RS) of calves were recorded at 

10-d initial age, 12 - wk beginning of weaning, 15 - wk weaning age, and 18 - wk post-weaning, then total 

gain and daily weight gain as well as feed conversion were calculated at different phases of the experiment. 
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Table (1): Ingredients of milk replacer powder and starter based on DM. 

Ingredients of milk replacer % Ingredients of starter % 

Milk powder 40 Corn 48 

Sweet whey powder 17 Wheat bran 15 

Corn gluten meal (60%) 12 Soybean meal (44%)   23 

Coconut oil 8 Sunflower meal 10 

Vegetable fat 7 Limestone  2 

Soybean meal powder (48%) 6 Salt 1 

Feed additives 3.48 Premix
1,2

 1 

Corn starch 3   

Corn flour 3   

Butyl hydroxyl toluene 0.02   

Premix
1,2

 0.5   
1Provided (DM basis): 5 mg/kg of Co, 25 mg/kg of Cu, 0.01% I, 400 mg/kg of Fe, 1% K, 0.60% Na, 0.15% Mg, 90 mg/kg 

of Mn, 0.40% S, 0.02% Se, 125 mg/kg of Zn. 

2 Provided  per  kilogram  of  MR  (DM  basis),  55,000  IU  vitamin  A, 5,600 IU vitamin D, 350 IU vitamin E, 15 mg/kg 

of vitamin B1, 35mg/kg of vitamin B2, 25 mg/kg of vitamin B6, 100 mg/kg of vitamin C, 75 mg/kg of pantothenate. 

 

Table (2): Chemical analysis (% on DM basis) of milk replacer, starters, berseem hay and rice straw 

fed to calves. 

Item Milk replacer Starter Berseem hay (BH) Rice straw (RS) 

DM 97.50 88.98 87.39 88..25 

Chemical composition (%): 

OM 93.19 92.55 87.19 81.87 

CP 28.00 19.24 13.22 2.68 

CF 1.22 5.63 27.18 38.72 

EE 8.50 2.97 0.67 1.32 

NFE 55.47 64.71 46.12 39.15 

Ash 6.81 7.45 12.81 18.13 

 

Body measurements:  

Body length (distance between the points of shoulder and point of pin bone), heart girth (circumference 

of the chest measured directly behind the front leg), withers height (distance from base of the front feet to 

the withers), and hip height (distance from base of the rear feet to hook bones) as body measurements of 

calves were estimated at initial, 12, 15 and 18 wk of age. 

Digestibility trails: 

Digestibility trials were conducted at the end of the experiment  using three calves from each group. 

Fecal grape samples were taken from each calf at three successive days and composted for each animal to 

determine total tract apparent nutrients  digestibilities  using silica (McDonald et al., 2010) as an internal 

marker. 

Analytical procedures: 

Chemical analyses of feedstuffs and feces: 

Representative samples of used  feedstuffs, milk replacer and feces were analyzed for DM, CP, EE, CF 

and ash contents according to the AOAC (1995), while nitrogen free extract (NFE) was calculated by 

difference. 

Blood sampling: 

Blood samples were taken from all experimental calves from the jugular vein after three hours of 

morning feeding at initial, 12, 15 and 18 wk of age in two test tubes (without and with anticoagulant). 

Hematological parameters, including packed cell volume (PCV), hemoglobin concentration (Hb), and count 
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of red (RBCs) and white (WBCs) blood cells, were determined immediately in the whole blood of the 1st 

blood portion (with heparin).  The 2nd blood portion (without heparin) was allowed to clot and centrifuged 

at 3000 rpm for 20 min., then serum samples were separated and stored at -20
o
C till analysis. Blood serum 

samples were analyzed for concentrations of total proteins (Henry, 1964), albumin (Doumas et al., 1971), 

glucose (Trinder, 1969), triglycerides (Mc Gowan et al., 1983), total cholesterol (Richmond, 1973), LDL 

and HDL density lipoproteins (Friedewald et al., 1972), total lipids (Zollner and Kirsch, 1962), urea (Bull et 

al., 1991), and creatinine (Bartles et al., 1972), while, globulin concentration was calculated by subtraction 

of serum albumin from total proteins concentration. Immunoglobulins (IgG, IgM and IgA) concentrations in 

blood serum were determined with the quantitative ELISA (Bovine IgG, IgM, and IgA ELISA Quantitative 

kit, Bethyl laboratories, UK) according to Killingsworth and Savory (1972). Also, activity of asprtate (AST) 

and alanine (ALT) transaminases (Reitman and Frankel, 1957) and alkaline phosphatase (ALP, Young, 

1995) were determined in blood serum. Lactate dehydrogenase (LDH) was determined colorimetericaly 

according to Cabaud et al. (1958). The concentration of triiodothyronine (T3) and thyroxin (T4) in blood 

serum were estimated using radioimmunoassay (RIA) commercial kits (Coat-A-Count®-TKT31) by 

Automatic Mini-Gamma Counter (LKB-1275) according to Saunders (1995).  

Statistical analysis: 

Data were analyzed according to SPSS (2010). The detected significant differences were performed at 

(P<0.05) by Duncan Multiple Range Test (Duncan, 1955). 

  

RESULTS AND DISCSSION 

 

Feed intake:  

Data in Table (3) showed that daily total dry matter intake (TDMI) of calves did not significantly affected 

by dietary treatments over the first 12 wk-stage.  It was clearly  that as a results of increasing level of milk 

replacer in the daily meal of suckling calves from 9%  up to 11% of their body weight, both DM intake from 

starter and BH significant (P<0.05) decreased gradually up to 11% milk replacer (G3), that recorded the 

lowest quantities of both solid feeds. Likewise, over at 12-15 wk of age, TDMI was significantly (P<0.05) 

decreased with increasing level of milk replacer in the daily meal also, that corresponding by the significant 

decreased in solid feeds of starter, BH and RS. It could be observed that the increases in milk replacer rate 

over the experimental groups during the first two stages of growth corresponded significantly for being 

reduction of the solid feed in the daily meal of suckling calves (starter, BH and RS). These results greatly 

might be due to that calves attained up to nearly physiological satisfaction of their nutritional requirements 

from milk replacer in particular with the highest level on the expense of solid feeds. Over the last period post 

weaning (15-18 wks), the total DM intake was significant (P<0.05) lower for calves in G2 and G3 than in 

G1. In fact, it is well known that CF content in the pre-weaning diet for suckling calves is potentially 

considering a key limiting factor to reach the right time for weaning calves. Considerably, the recommended 

content of CF in the starter could be greatly assistance of rapid development of the rumen which in turn 

reflected on the post-weaning growth rate. It is of interest to note that increasing level of milk replacer intake 

was associated with decreasing starter, berseem hay and rice straw intakes. It is well known that energy level 

is the main factor affecting feed intake. Based on the obtained results of feed intake from different 

feedstuffs, the high level of milk replacer (G3) had high nutritional values to meet energy requirements of 

suckling calves. Generally, solids feed intake is a limited factor affecting weaning period.  Zicarelli (2006) 

reported that weaning of buffalo calves reached later due to lower intake capability that delays the intake of 

dry matter that in turn did not ensure adequate energy for calve growth. The utilization of starter diets for 

young calves at an early age is the best approach for improving both rumen papillae development and 

subsequent performance to attain a favorable growth rate (Bach et al., 2007). Also, NRC (2001) announced 

that calf starter showed be comparatively high in readily fermentable carbohydrates to support the 

fermentation required for suitable ruminal tissue growth. Experimental evidence indicates that intake of 

roughage, especially leguminous hay stimulates the development of the reticulo-rumen as well as increasing 

the weight, size and thickness of tissues and the growth of normal papillae (Warner and Flatt, 1965). 

 Recently, researchers have shown that enhancements in growth and feed efficiency can be acquired by 

feeding greater quantities of milk replacer or augmented concentration of nutrients in milk replacer (Brown 

https://link.springer.com/article/10.1007/s11250-011-9991-1#CR4
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et al., 2005). Moreover, ZHAO Heng-bo et al. (2007) indicated that the length, width of rumen papilla and 

its surface were significant increased in kids fed an alfalfa hay from 20 day old.        

 

Table (3): Daily dry matter intake from different feedstuffs for buffalo calves during pre and post-

weaning intervals. 

Daily DM intake, kg/h G1 G2 G3 

Initial to 12 wk: 

Milk replacer 0.83 0.98 1.14 

Starter 0.43
a
 0.31

b
 0.25

c
 

BH 0.34
a
 0.26

b
 0.18

c
 

RS - - - 

Total  1.60 1.55 1.57 

12 to 15 wk: 

Milk replacer 0.372 0.495 0.504 

Starter 0.78
a
 0.64

b
 0.56

c
 

BH 0.51
a
 0.38

b
 0.25

c
 

RS 0.22
a
 0.17

b
 0.11

c
 

Total 1.882
a
 1.685

b
 1.424

c
 

15 to 18 wk: 

Starter 1.26
a
 1.14

b
 1.12

ab
 

BH 0.68
a
 0.64

b
 0.58

c
 

RS 0.31
a
 0.28

b
 0.22

c
 

Total  2.25
a
 2.06

b
 1.92

c
 

Total DM intake 1.755
a
 1.658

b
 1.604

b
 

Means denoted within the same row with different superscripts are significantly different at P<0.05. 

 

Growth  performance: 

Data concerning growth performance parameters of calves pre and post-weaning stages are 

presented in Table (4). Results of LBW at 12, 15 and 18 wk of age were significant (P<0.05) higher with the 

moderate MR- meal level (G2) and the high MR level (G3) than that of low MR level one (G1). These 

results are in consistent with the previous studies which was demonstrated greater growth for calves fed 

larger amounts of whole milk (Jasper and Weary, 2002) or milk replacers based on skim milk (Gerrits et al., 

1996) or whey proteins (Diaz et al., 2001 and Brown et al., 2005). In addition, there was no significant 

differences between the moderate (G2) level of MR and the high (G3) level of MR regarding LBW at 18 wk 

of age, while at 12 and 15 wk of age, calves in G3 was (P<0.05) significant higher than those  of G2.  

Likewise  both total gain and daily gain over either initial to 12 wk of age or the whole experimental periods 

(Initial to 18 wk) were significant (P<0.05) higher with G2 and G3 than G1 one. Otherwise, over 12-15 wk 

of age and 15-18 wk of age the values of total weight gain and daily gain were significant (P<0.05) 

decreased. Regarding feed conversion, it was significant (P<0.05)  better over the main suckling period that 

continued up to 12 wk of age as well as the whole experimental period (0-18 wk), with greatest efficiencies 

observed for calves fed higher level of milk replacer (G3). On the other hand, over 12-15 wks of age, the 

high level of milk replacer (G3) seemed to be lesser in feed efficiency than the other treatments (G1 and 

G2). Such results might be due to the higher level of milk replacer (11%) in the third experimental group 

that could be affect inversely on the intake of solid feeds (starter, BH and RS) and in turn affected 

unfavorably on growth of young calves and as well as on feed conversion as shown in Table (4). In  relation 

to this point, high milk or milk replacer allocation to pre-ruminants retards rumen development. Therefore 

the recommended feeding strategy is to restrict milk or milk replacer feeding to promote early start on solid 

feeds. Moreover, earlier Huber et al. (1984) indicted that excess milk or milk replacer feeding delays starter 

intake and weaning age. Therefore, restricting milk or milk replacer to 8 to 10 percent of birth weight is 

recommended (NRC, 2001). Generally, Krishnamoorthy and Moran (2011) concluded that free access to 

clean drinking water and providing coarsely ground, fresh and palatable starter feed are the ways by which 

early intake of dry feeds can be promoted and thereby transition of pre-ruminants from milk replacers to 

solid feeds can be hastened. They were added that the transition of pre-ruminant feeding management from 

liquid milk to a diet based entirely on solid starter feeds (plus limited roughage) is one of the key 

management skills in rearing of young ruminants and this manual provides a good insight into how this can 
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be best undertaken.  These results are agreement with those reported by  Brown et al. (2005) who showed 

that calves fed milk replacer (30% CP and 16% fat on DM basis)  at 2% their body weight was significant 

higher in their  LBW (12 kg) more than those fed at 1% (21% CP and 21% fat) of body weight at 8 wk of 

age. Diaz et al. (2001) determined that calf growth was directly related to intake of milk replacer. Blome et 

al. (2003) demonstrated that increasing of milk replacers fed at 1.5% of BW daily (DM basis) linearly 

increased LBW, total gain and daily gain.  

 

Table (4): Productive performance of calves fed different levels of milk replacer at pre and post-

weaning intervals. 

Item G1 G2 G3 

Live body weight (kg): 

Initial  36.40±2.12 35.80±1.90 35.30±1.35 

At 12 wk of age
(1)

  75.80±4.17
c
 81.20±2.70

b
 87.40±3.11

a
 

At 15 wk of age
(2)

 87.35±4.23
c
 91.82±5.12

b
 94.56±5.46

a
 

At 18 wk of age
(3)

 99.70±3.71
b
 107.62±5.25

a
 105.55±3.11

a
 

Total weight gain (kg): 

Initial ~12 wk of age  39.40±1.60
c
 45.40±2.12

b
 52.10±2.32

a
 

12 ~ 15 wk of age  11.55±1.22
a
 10.62±1.26

b
 7.16±0.89

c
 

15 ~ 18 wk of age 12.35±2.33
b
 15.80±3.55

a
 10.99±2.44

c
 

Initial ~ 18 wk of age 63.30±4.87
b
 71.82±5.65

a
 70.25±6.11

a
 

Daily gain (kg/d): 

Initial ~12 wk of age  0.469±0.04
c
 0.540±0.07

b
 0.620±0.08

a
 

12 ~ 15 wk of age  0.550±0.07
a
 0.506±0.08

b
 0.341±0.09

c
 

15 ~ 18 wk of age 0.588±0.08
b
 0.752±0.08

a
 0.523±0.07

c
 

Initial ~ 18 wk of age 0.502±0.04
b
 0.570±0.06

a
 0.558±0.06

a
 

Feed conversion (kg DM intake/kg gain): 

Initial ~12 wk of age 3.410
a
 2.870

b
 2.500

c
 

12~15 wk of age 3.422
b
 3.330

b
 4.176

a
 

15~18 wk of age 3.827
a
 2.739

b
 3.671

a
 

0~18 wk of age 3.496
a
 2.909

b
 2.875

b
 

Means denoted within the same row with different superscripts are significantly different at P<0.05. 

  (1): Beginning of weaning.  (2): End of weaning. (3): Post-weaning. 

 

Body measurements: 

Results in Table (5) showed that heart girth was significantly (P<0.05) recorded the highest values in G3, 

followed by G2 and the lowest values being associated with G1. Also, body length, wither height and hip 

height were significant higher for G2 and G3 compared with G1.  It is of interest to note that all body 

measurements are in harmony with LBW of buffalo calves in experimental groups. Similar to the present 

results in buffalo calves, Bartlett et al. (2006) noted that body length, heart girth, wither height were  greater 

for Holstein calves fed at 1.75% of BW than those fed 1.25% of BW of milk replacer.   

        Also, Brown et al. (2005) found that calves fed milk replacer at 10% of their  body weight increased 

body length, withers height and hip height compared with those fed low level (8% of body weight). 

Digestibility and feeding values: 

Data in Table (6) showed that the differences respecting all nutrients digestibilities and feeding values as 

TDN and DCP among the experimental groups, were not significant. The digestibility values of most 

nutrients for G1 were slightly higher than those of G2 and G3, while the slightly lower values were recorded 

with G3- diet. These results might be due to somewhat differences in feed intake during pre-weaning period 

where animal groups given different MR levels.  In more explanation probably due to that animals on G1 

received the low level MR- meal that also corresponding by the significant increased in solid feeds of starter, 

BH and RS and therefore increased of CF% content, being enhancement of rapid development of the rumen, 

which is reflected positively on the post-weaning ruminal function and consequently significant growth 

performance for calves. Additionally, calves received solid feeds at the second week of calving enhanced 

progressively its acceptability to consume the solid feeds offered during the whole suckling periods. This 
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suggests that the solid feed may have a long retention time in the rumen, and thereby small quantity of feed 

entering the rumen at each meal (Bhatti et al., 2008), allowing for a more complete degradation by 

microorganisms. Importantly, the duration and the rate of ingested milk or milk replacer by suckling calves 

during the early stage after calving considerably can be affect on the degree of rumen development at 

weaning time and in turn being affect positively or negatively on nutrients digestibilities of the solid feed 

meal, throughout what well known as carry over effect at after weaning phases. Concerning feeding values 

which expressed as TDN, it could be noticed that animals in G1 recorded insignificant higher values than 

that of G2 and G3. While the lowest one was recorded for G2, with no significant difference. This may be 

due to the relatively differences in development of rumen and this is reflected on all nutrients digestibilities 

in the post-weaning stage.  

 

Table (5): Some body measurements of buffalo calves fed different experimental rations at pre and 

post-weaning intervals. 

Item G1 G2 G3 

Body length, cm 

Initial age 57.5±1.82 59.4±2.48 58.2±1.28 

At 12 wk of age 69.8±1.16
b
 76.2±2.47

a
 77.8±1.16

a
 

At 15 wk of age 73.8±1.53
b
 80.8±1.66

a
 80.2±1.71

a
 

At 18 wk of age 79.7±1.41
b
 86.9±2.33

a
 84.5±2.22

a
 

Heart girth, cm 

Initial age 78.8±1.39 79.2±2.56 79.6±1.96 

At 12 wk of age 85.8±1.63
c
 92.1±2.10

b
 98.4±2.84

a
 

At 15 wk of age 89.4±1.86
c
 95.4±2.36

b
 100.9±2.44

a
 

At 18 wk of age 93.2±2.44
c
 99.5±5.65

b
 103.5±2.41

a
 

Wither height, cm 

Initial age 62.4±1.03 64.0±1.73 63.3±1.68 

At 12 wk of age 71.2±1.20
b
 68.6±1.36

b
 76.2±1.58

a
 

At 15 wk of age 74.6±1.42
b
 76.0±1.58

ab
 79.4±2.11

a
 

At 18 wk of age 78.3±2.40
b
 82.4±1.93

a
 83.0±1.86

a
 

Hip height, cm 

Initial age 66.6±1.03 66.8±1.28 67.4±1.43 

At 12 wk of age 67.2±1.20
b
 81.4±1.21

a
 82.8±1.58

a
 

At 15 wk of age 79.9±2.12
b
 84.8±2.11

a
 86.1±2.10

a
 

At 18 wk of age 83.8±3.24
b
 88.6±2.33

a
 89.7±1.86

a
 

Means denoted within the same row with different superscripts are significantly different at P<0.05.  

 

Table (6): Effect of milk replacer levels in daily meal of suckling calves on nutrients digestibilities at 

18 weeks of age. 

Item G1 G2 G3 

Nutrient digestibility (%) 

DM 66.33±2.46 65.91±3.11 65.14±2.88 

CP 67.98±1.96 68.26±2.34 67.67±2.27 

CF 52.59±1.34 51.02±1.11 50.39±1.22 

EE 69.83±2.33 69.51±1.96 68.72±2.07 

NFE 74.88±2.76 73.66±2.59 73.59±2.31 

Feeding values (%)    

TDN 63.74 62.93 63.05 

DCP 10.30 10.33 10.50 

 

Concerning feeding values which expressed as DCP, it showed that no significant difference among 

treatments. These results are in good agreement with the findings of  Bhatti et al. (2012) who reported that 

animals fed high level of milk, skim or milk replacer were not affected of  all nutrients digestibilities.  
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Blood parameters: 

Hematological parameters and immunoglobulin concentrations: 

Hematological parameters including packed cell volume (PCV), hemoglobin concentration (Hb) and 

count of red blood cells (RBCs) were significantly (P<0.05) higher, while white blood cells (WBCs) count 

was significantly (P<0.05) lower  in calves of G2 as compared with those  of  G3 and G1.  It is of interest to 

note that all hematological parameter values of calves in all experimental groups fed different levels of milk 

replacer seemed to be in normal range that reported for buffalo calves by Niaz et al. (2000) who indicated 

good health status of buffalo calves fed 8 or 10 % of live body weight of milk replacer. Mostly all 

hematological parameters significantly (P<0.05) increased by advancing calf age up to weaning at 15 wks of 

age, then showed insignificant change till 18 wk of age. Analysis of variance revealed that the effect of 

interaction between dietary treatments and age of calves were significant (P<0.05) for PCV and WBCs count 

(P<0.001). On the other hand, values of PCV, Hb and RBCs were increase in G2 and slightly increase in G3 

versus slight reduction in G1 and the values of these items also almostly significant increased with 

advancing calve age. However, the count of WBCs seemed to be significant lower in G2, than that of G3 and 

G1 and mostly un affected by calve age (Table 7). These results are in good agreement with those obtained 

by Harvey (1997) who reported clear reduction in hematological parameters in first days of life, which may 

be attributed to feeding calves on colostrum, which increase the plasma volume by its osmotic effect. In this 

respect, Hulbert et al. (2014) showed increase in concentration of Hb, hematocrit value and count of WBCs 

from birth till 7 weeks of age for Holstein calves fed on milk replacer compared with natural milk or 

pasteurized milk. 

Immunoglobulins concentration, including IgG, IgM and IgA, in blood serum of buffalo calves were 

significantly (P<0.05) higher in G2 than those in G3 or G1, but only IgG concentration was significantly 

(P<0.05) higher in G3 than that in G1. As affected by calf age, IgG concentration gradually reduced by age 

progress, being significantly (P<0.05) the highest at initial age, moderate at weaning (15 wk of age) and the 

lowest at 18 wk of age (post-weaning). On the other hand, concentration of both IgM and IgA showed 

almostly insignificant differences among different ages of calves, being the values at weaning age (15 wk) 

were significant higher than those of most other ages.  It is of interest to note that the effect of interaction 

between level of milk replacer and calf age was significant for IgG (P<0.01) and IgM (P<0.05). According 

to immunoglobulin concentration in Table (7), feeding calves on milk replacer at a level of 10% of LBW 

(G2) enhanced calf immunity, in term of increasing I IgG, gM and IgA. In this way, Foote et al. (2004) 

suggested that the quantity and quality of milk replacer fed to dairy calves may have limited improvement in 

immune response compared with natural milk. Overall, the high immunoglobulin concentrations in buffalo 

calves of G2, this might be due to increasing concentration of total proteins and its fractions and good 

healthy condition of calves.  

The observed remarkable reduction in IgG concentration by age progressing might be attributed to that 

calves are born without fully mature immune system and some authors indicated that presence of ≥10 mg 

IgG/ml in blood of calves is necessary for successful immunity response in the first few days of age (Logue 

and Mayne, 2014). In good agreement with the present results, Ježek et al. (2012) found marked reduction in 

concentrations of IgG blood for calves starting immediately after birth up to four weeks of age. In contrast to 

the present results, the same author observed decrease in IgM and IgA concentrations in blood of dairy 

calves from birth till one month of age.  

Concentration of some blood metabolites: 

Data in Table (8) revealed significant (P<0.05) effect of milk replacer level on concentrations of total 

proteins (TP), globulin (GL), glucose (Glu), triglycerides (TG), LDL, HDL and total lipids (TL) in blood 

serum of buffalo calves, being higher (P<0.05) in G2 as compared to those of  G1 and G3. However, 

albumin (AL), total cholesterol (TCH), urea (U) and creatinine (Cr) concentrations did not affected.  

Blood TP and AL concentrations showed gradually significant (P<0.05) increase with advancing calve 

age, while Glu, TG, TCH, LDL, HDL and TL concentrations significantly (P<0.05) higher at initial age 

compared with other ages. However, Gl, U and Cr concentrations were not affected by calf age. It is worth 

noting that the effect of interaction between milk replacer level and calf age was significant only for lipid 

profile, including LDL, HDL and TL concentrations. In this respect, concentration of LDL, HDL and TL 

showed higher rate of increase in G2 than those of G1 and G3 (Table 8). 
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Table (7). 
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The presented results are in agreement with the findings obtained by Quigley et al. (2006) who indicated 

positive correlation between milk replacer level and blood total proteins and glucose in bovine calves. Also, 

the present results of AL and lipid profile are in agreement with those reported by Lee et al. (2008) for 

calves fed milk replacers. On the other hand, Blome et al. (2003) reported that plasma urea N concentration 

increased linearly with increasing of CP in the diets. 

It is of interest to note that, increasing concentration of GLU, triglycerides, total cholesterol, LDL, HDL 

and total lipids in blood of buffalo at 15 wks of age was attributed to the reduce in milk replacer supply 

during weaning period, then its concentrations being less by advancing age up to 18 wks. These results are in 

agreement with those obtained by Lee et al. (2008). Contrary, Smith et al. (2002) observed that calves blood 

urea concentration was decline with advancing age to post-weaning. Concerning Glu concentration, it could 

be noticed that slight decreased of its value with advancing age up to 18-wks after weaning and such status 

may be due to the shift into glucose as primary source of energy replacing to lactose in milk replacer. Also, 

the reduction in blood glucose concentration from birth till 18 wk. are an agree with Lee et al., (2008) who 

found that serum glucose was reduced with advancing age of calves. 

Enzyme activities and thyroid hormones: 

Data in Table (9) revealed that activities of aspartate transaminase (AST) and alkaline phosphatase (ALP) 

in blood serum of calves was significantly (P<0.05) higher with G1 compared with the other treatments. 

However, activities of alanine transaminase (ALT) and lactate-dehydrogenase (LDH) was significantly 

(P<0.05) lower in G2 than those of the other treatments. It was observed significant (P<0.05) reduction in 

AST and ALP activities with advancing age, while ALT and LDH activities did not significantly affected by 

calf age. The interaction effect between dietary treatments and age of calves were significant for activities of 

AST, ALT (P<0.05) and ALP (P<0.001), reflecting the highest rate of decrease in activities of AST and ALP 

in G2 as well as slight decrease in ALT activity as compared with other treatments by advancing calves age.  

Despite the differences in enzyme activities as affected by dietary treatments and age of calves, its values 

are within the normal range of buffalo calves (Abd Ellah et al., 2014), reflecting normal liver function of 

calves in all groups. Similar results of AST and ALT activities were obtained on lambs fed different levels of 

milk replacer (Yang et al., 2015). Concentration of T3 was not significantly affected by dietary treatments 

and calf age or their interaction. However, T4 concentration was significantly (P<0.05) lower in G2 than that 

of other treatments, but, showing insignificant changes by advancing calve age. The effect of interaction 

between dietary treatments and calf age was significant (P<0.001) respecting T4 concentration, reflecting 

marked decrease in G2 (Table 9). These results are in agreement with those obtained by Hammon and Blum 

(1998) who concluded that calves (Simmental Red Holstein, Braunvieh Brown Swiss, and Holstein Friesian) 

fed different amounts (fed twice daily at the rate of 5 or 10% body weight/meal) of colostrums or a 

commercial milk replacer appeared to be the concentration of T3 was not affected by dietary treatments. 

 

Table (9): Some enzyme activities and concentration of thyroid hormones in blood serum of calves as 

affected by dietary treatments and its age. 

Item 
Enzyme activity  Thyroid hormones 

AST (U/l) ALT (U/l) ALP (U/l) LDH  (g/l) T3 nmol/l) T4 (µg/dl) 

Effect of milk replacer level (L): 

G1 50.80±0.50
a
 16.86±0.20

a
 95.90±1.53

a
 715.05±23.61

a
 3.03±0.04 4.38±0.04

a
 

G2 46.40±0.80
c
 15.30±0.26

b
 83.96±2.92

c
 626.50±25.63

b
 2.95±0.04 4.13±0.03

b
 

G3 49.05±0.55
b
 16.37±0.19

a
 89.82±2.04

b
 712.80±19.14

a
 2.94±0.03 4.35±0.03

a
 

Effect of calf age (A): 

Initial 49.80±0.52
a
 16.46±0.23 100.84±1.45

a
 698.33±27.51 3.05±0.06 4.23±0.03 

At 12 wk 50.40±0.70
a
 16.28±0.27 93.16±2.07

b
 707.00±24.84 3.01±0.05 4.34±0.06 

At 15 wk 48.00±0.94
b
 15.87±0.29 83.33±2.72

c
 667.53±29.72 2.92±0.04 4.32±0.05 

At 18 wk 46.80±0.94
b
 16.11±0.41 82.29±1.95

c
 666.27±31.54 2.90±0.03 4.23±0.06 

Effect of interaction (L x A): 

P-value 0.038* 0.033* 0.000*** 0.852 0.064 0.001*** 
Means denoted within the same column for each effect with different superscripts are significantly different at P<0.05.  
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Economic feed efficiency: 

Although the reduction in starter, BH and RS intakes, daily feed cost increased by increasing milk 

replacer intake in G2 and G3 as compared to G1.  On the other hand, increasing daily gain of calves in G2 

and G3 as compared to G1 resulted in increasing the return of G2 and G3 compared with G1. These results 

indicated that economic feed efficiency of calves was the highest for G2 compared with other treatments 

(Table 10). 

Accordingly, rearing buffalo calves on milk replacer at a level of 10% of their live body weight had the 

highest economic feed efficiency as compared to those reared 9 or 11% where this finding could be 

reflecting favorably on improvement of  productive performance after weaning along the productive live of 

dairy and beef animals. These findings are in agreement with the results of Lee et al. (2008) and Soberon 

and Van Amburgh (2012) who reported that the different levels of milk replacer (18- 20% CP and 10- 15% 

fat on DM basis)  reduced the feeding cost of suckling dairy calves during the first three months of age.  

 

Table (10): Economic feed efficiency (%) of buffalo calves in different experimental groups. 

Item G1 G2 G3 

Av. daily milk replacer intake (kg)  0.738 0.883 1.013 

Cost of milk replacer (L.E./d) 13.28 15.89 18.23 

Av. starter intake (kg/d) 0.619 0.503 0.447 

Cost of starter (L.E./d) 3.095 2.515 2.235 

Av. BH intake (kg/d) 0.425 0.343 0.258 

Cost of BH (L.E./d) 0.808 0.652 0.490 

Av. RS intake (kg/d) 0.227 0.193 0.141 

Cost of RS (L.E./d) 0.125 0.106 0.078 

Av. daily feeds cost (L.E.) 17.31 19.17 21.04 

daily gain (kg) 0.502 0.570 0.558 

Price of daily gain (L.E.) 34.14 38.76 37.94 

Economic efficiency (%)* 197.2 202.2 180.3 
* Economic feed efficiency = Price of the weight gain (L.E.)/daily feed cost (L.E.)x100. Price (L.E./ton) of milk replacer 

powder, starter, berseem hay and rice straw was 18000, 5000, 1900 and 550, while price of each kg gain was  68 L.E. 

according to marketing price at 2017. 

 

CONCLUSION 

 

Use milk replacer at a rate of 10% of calves live body weight improved productive performance with 

normal health and cost effective use for suckling calves, compared with other rates. This may help farmers to 

keep up and care suckling buffalo calves and not sell them and such regime could help to alleviate the 

problem of milk and beef shortage in Egypt. 
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 بذيم انهبنعهى معذلاث مختهفت من  انمغذاةالأداء الإنتاجي نعجىل انجامىص 

 

  عطيت ابزاهيمصلاح  و محمد عبذ انحكيم كشك ، وائم محمد وفا ، E.A. El-Bltage ، منى انسيذ فزججمال فاروق شاهين ، 

 مصز. -انجيشة –انذقى  – وسارة انشراعت –مزكش انبحىث انشراعيت  –معهذ بحىث الإنتاج انحيىاني 

 

ذقٛٛى الأداء الإَراخٙ ٔانكفاءج انغزائٛح ٔالاقرصادٚح  قثم ٔتؼذ انفطاو نؼدٕل اندايٕط انًغزاج ػهٗ تدذٚم انهدثٍ تُغدة  انٗ ْزِ انذساعح ذٓذف

  دددى ٔػضندد ػددٍ هيٓاذٓدا تؼددذ11م0±19م95ٔصٌ  ػدددم خدايٕط ر ددٕس تًرٕعدظ 01%(  يددٍ ٔصٌ اندغدىم ذددى ر رٛداس 00 ، 01 ، 9يخرهفدح  

٪ يٍ ٔصٌ اندغى نًذج ثلاثح هٚاو ثى غزٚد ػهٗ ندثٍ خايٕعدٙ  ايدم 01انٕلادج تغاػرٍٛم غزٚد انًٕانٛذ ػهٗ نثٍ انغشعٕب يشذٍٛ ٕٚيٛا تًؼذل 

 91م0±59م90هٚاو( ٔتؼدذ رندت ذدى ذقغدٛى انؼددٕل رندٗ ثلاثدح يددايٛغ طغدة يرٕعدظ ٔصٌ اندغدى   01هٚاو   اٌ انؼًش ػُذ تذاٚح انردشتح  7نًذج 

  مػُذ تذاٚح فرشج انًؼايهح دى( 

دسٚدظ  ،هظٓشخ انُرائح هَّ  هًا صاد  ًّٛ تذٚم انهثٍ انٕٛيٙ انًقذو نهؼدٕل هَخفض يؼُٕٚا انًأ ٕل يٍ انًٕاد انصهثح انًأ ٕندح  يدٍ  تداد  

ذحقد  تكدكم  ٔهػهدٗ ٔصٌ  ددى  51ٔصٌ انؼدٕل فٙ  م انًددايٛغ ه ثدش يدٍ  هعثٕع ٔ اٌ 01انثشعٛى ٔقش الأسص(م ذى فطاو انؼدٕل ػُذ ػًش 

لا ٕٚخدذ ا رلافداخ يؼُٕٚدح تدٍٛ   ّخ انُردائح هَدم هظٓشهعثٕع 05ػُذ ػًشيؼُٕٚا هثقم ٔصٌ  د انًدًٕػح انثاَٛحٔ اَفٙ انًدًٕػح انثانثح  يؼُٕ٘

 اَدد قدٛى طددى  لاٚدا  ٔيٍ َاطٛح ه شٖ م( َرٛدح انًؼايلاخ انغزائٛح TDN  ٔDCP  انغزائٛحقٛى انيؼايم ْضى خًٛغ انؼُاصش انغزائٛح ٔ زنت 

 P( ، تًُٛدا ػدذد  شٚداخ اندذو انثٛضداء ْدٙ الأدَدٗ  P <0.05اندذو انًردًؼدح ٔذش ٛدض انًٕٓٛخهدٕتٍٛ ٔػدذد  شٚداخ اندذو انحًدشاء ْدٙ الأػهدٗ  

انثاَٛدحم ( الأػهدٗ يؼُٕٚدا فدٙ انًدًٕػدح A, M, G( فٙ ػدٕل انًدًٕػدح انثاَٛدحم  داٌ ذش ٛدض اندهٕتٕٛنُٛداخ انًُاػٛدح فدٙ يصدم اندذو  0.05>

تانًقاسَدح تدانًدًٕػرٍٛ الأٔندٗ ٔانثانثدح انردٙ  ٔتانًثم  فإٌ يؼظى َٕاذح الأٚض فٙ انذو  اَد هػهدٗ تكدكم يهحدٕظ فدٙ ػددٕل انًدًٕػدح انثاَٛدح

( T3  ٔT4ْشيَٕداخ انغدذج انذسقٛدح    اَدد قدٛى رَضًٚداخ انكثدذ ٔذش ٛدض ػهدٗ انردٕانٙم تدذٚم انهدثٍ ًشذفغ يٍانًُخفض هٔ انيغرٕٖ  غزٚد ػهٗ

( ٔهػهدٗ  (G2انًدًٕػح انثاَٛدح ػٍ( فٙ انغانة هػهٗ تككم يهحٕظ G1ػهٗ انًغرٕٖ انًُخفض يٍ تذٚم انهثٍ   غزٚد انرٙنًدًٕػح انؼدٕل 

  (مG3ًدًٕػح انثانثح  ان ػٍ تككم طفٛف

ٚحغدٍ انكفداءج هَدّ ط فضدلا ػدٍ ٚحغٍ الأداء الإَراخٙ نؼددٕل انددايٕ % يٍ ٔصٌ اندغى01تًؼذل هٌ اعرخذاو تذٚم انهثٍ  الاعرُراجًٚكٍ 

اندددايٕط  ػدددٕلانحفدداظ ػهددٗ ػهددٗ  ْددزا انًددضاسػٍٛقددذ ٚغدداػذ  ٔ٪م 00هٔ  9تًغددرٕٚاخ  ٚدزغدديددغ ذهددت انرددٙ  انغزائٛددح ٔالاقرصددادٚح تانًقاسَددح 

 ، ًٔٚكٍ هٌ ٚغاػذ ْزا انُظاو فٙ انرخفٛف يٍ يككهح َقص انحهٛة ٔانهحٕو فٙ يصشم أػذو تٛؼٓ أسػاٚرٓ حانشضٛؼ

 

  


