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 The objectives of this study were to investigate genetic and phenotypic potential of milk 

yield traits and body weight at calving and to study possibilities for improving the 

performance of the Egyptian buffalo cows. A total of 1453 lactation records for milk 
yield traits and weight at calving, representing 714 buffalo cows, daughter of 103 sires 

and 544 dams, were analyzed by fitting a multiple-trait repeatability animal model 

using the restricted maximum likelihood [REML] procedure. The model included herd-
year-season of calving and age at calving as fixed effects while additive genetic and 

permanent environment were considered as random effects. All fixed effects 

contributed significantly [P<0.01] to variations in all studied traits. The average 
lactation yields of milk, fat and protein and weight at calving were 1395.2, 94.8, 53.2 

and 481.7 [kg], respectively. Heritability estimates for milk yield traits were low [0.113 

to 0.159]. The corresponding repeatability estimates were [0.497 to 0.517]. Genetic and 
phenotypic correlations between lactation milk yield traits were positive and high 

[0.947 to 0.997]. This indicates that a selection scheme to select for any of these yields 

would result in a correlated positive response in the others. Heritability and 
repeatability estimates for weight at calving were 0.273 and 0.382, respectively. 

Positive phenotypic correlations [0.061 to 0.122] were recorded between weight at 

calving and milk yield traits while the genetic correlations were negative [-0.109 to -
0.256]. The moderate estimate of heritability for weigh at calving can be considered to 

promote substantial genetic response through selection scheme in this population. The 

low and negative genetic associations of weight at calving with yield traits [milk, fat 
and protein] indicate that a selection scheme to improve milk yields are not expected to 

result in a large negative effect on lactation yields. Thus, it would be better to consider 

weight at calving through a selection scheme for its economical importance. The 
estimates of correlated response for milk yield with fat and protein yields and weight at 

calving indicate that the adoption of milk yield, as a criterion of selection resulted in an 

increase of the expected genetic response for fat and protein yields with almost nil 
decrease in body weight at calving.  
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INTRODUCTION 

 

 Although the domestic buffalo is important dairy animal in Egypt; the body weight at calving of these 

animals is more importance. The literature demonstrated that the cost of dairy replacement heifers depend 

greatly on prepubertal growth rates and some reproductive traits like time to conception and age at first calving 

and milk production in the first lactation Sejrsen et al. [1] and Moore et al. [2]. A negative relationship between 

body weight and milk yield in the first lactation reviewed by Freking and Marshall [3], Moore et al. [2], 

Hoffman et al. [4] and MacDonald et al. [5] for dairy cattle. In Egyptian buffalo, El-Bramony [6] obtained that 

lower genetic correlation estimate [-0.22] between body weight at calving and milk yield in the first lactation. In 

a review paper concerning buffalo breeding literature for river buffalo cows, Rosati and Van Vleck [7] stated 

that the weight at calving had a significant effect up to the fifth lactation. Knowledge of genetic and phenotypic 

correlations between milk, fat, and protein yields and weight at calving is required in efficient animal breeding 

programs. In selection for milk yield traits would result in improving milk quality compared with single-trait 

selection for milk yield [8]. Moreover, information on relationships between weight at calving and yields of 

milk, fat and protein are not available for Egyptian buffalo. Therefore, the objectives of this study were to 
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investigate genetic and phenotypic potential of yield traits [milk, fat and protein] and body weight at calving and 

to investigate the possibility to improve them through genetic selection. 

 

MATERIALS AND METHODS 
 

Description of the data set: 

 Data used in this study were collected at monthly intervals over the period from 1999 through 2009 from 

four buffalo experimental herds belonging to the Animal Production Research Institute [APRI], Ministry of 

Agriculture and Land Reclamation. A total of 1453 lactation records of milk yield traits and weight at calving, 

representing 714 buffalo cows, daughter of 103 sires and 544 dams were used in the study. Milking was 

practiced twice a day at 7 am and 4 pm throughout the lactation period. Test day records [TD] for milk yield, fat 

and protein percentages were measured at monthly intervals following an alternative am-pm recording scheme. 

Fat and protein percentages were measured by the automated method of infrared absorption spectrophotometry 

[Milk-o-Scan; Foss Electric, Hillerφd, Denmark] at the Dairy Services Unit, Animal Production Research 

Institute, Sakha, Kafr El-Sheikh Governorate. The first TD included test days between 5 to 30 days in milk and 

all the subsequent tests were of 30d interval up to 305 days in milk.  Buffalo cows with less than 4 TD records 

per lactation were excluded from the data file.  

 Daily milk yield and percentages for both fat and protein were ranged from 2.0 to 18.0 kg and from 5.0 to 

13.8 and 3.0 to 5.9 %, respectively. Fat and protein yields per lactation were computed by the product of fat and 

protein percentages and daily milk yield. Then, daily milk yield traits per lactation were estimated and adjusted 

to 305-d using Fleischmann’s method [9]. Amounts of rations given to animals were determined according to 

animal body weight and level of milk production. The ration was offered twice daily and clean water was 

available all the time. The body weight was measured immediately after calving, and milking buffalo cows were 

to be dried off 2 months before their expected next calving dates. Buffalo cows were naturally mated in a group-

mating system. Rectal palpation was applied to check pregnancy. As a rule, buffalo heifers were to be first 

mated at 24 months of age or 330 kg of weight which comes first. Abnormal records affected by diseases or by 

missing birth dates or dry off dates and yields and were excluded. After editing, 85% of lactation records were 

kept in the data file. The present study included traits: 305-d milk yield [MY], 305-d fat yield [FY], 305-d 

protein yield [PY] and weight at calving [WAC] in kilograms for the first five lactations. Data were classified 

according to the month of calving into two seasons: hot [April through September] and mild for the rest of 

months. All known relationships among individuals were considered in the animal model.  

  

Statistical analysis: 

    The general linear model {PROC GLM; SAS [10]} was used to study the factors affecting milk yield traits 

and weight at calving. 

Yij = μʹ+ hysi + bxij+ eij                                    [1] 

where:  

Yij is the observed value; 

μʹ is a constant; 

hysi is the fixed of herd-year-season i= 1,2,…,77 classes;  

b is the partial regression coefficient of response variable on age at calving [X] and 

eij is a random error component assumed to be NID [0, σ
2
e].  

Genetic parameters were estimated by the Restricted Maximum Likelihood [REML] procedure, using the 

software VCE 4.0 [11], fitting a multiple-trait repeatability animal model and incorporating all available 

pedigree information. Random effects in this study were additive genetic effects and errors for each trait with 

the corresponding covariance matrix between them.  

 The following animal model, in matrix notation, was used for MY, FY, PY and WAC traits: 

Y= Xβ + Zα + Wp + e                                    [2] 

Where: 

Y is the vector of observations of response traits [MY, FY, PY and WAC];  

β is the vector of fixed effect of overall mean, herd-year-season of calving and age at calving [as a covariate];  

α is the vector of random animal additive genetic effect normally and independently distributed [0, iσ
2

a]; 

P is the vector of permanent environmental random effect of the buffalo cows normally and independently 

distributed [0, iσ
2

p]; 

X, Z and W are incidence matrices for fixed and random effects and 

e is the nonobservable random vector of errors, normally and independently distributed [0, Iσ
2
e].  

Expected direct and correlated responses to selection were calculated by Falconer [12], for studied traits as: 

RX= i h
2 px and CRY = i hX hY rGx GY pY    [3] 

Where: RX is the direct response in selection for X trait;  

h
2
 is the heritability estimate of X trait; 
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 p x is the standard deviation of phenotypic value of the trait x; 

CRY is the correlated response in Y trait; 

i is the selection intensity assuming  to be one for comparison only;   

hX and hY are the square roots of the heritability estimates of the two traits X and Y, respectively; 

rGx GY is the genetic correlation between two traits and 
 pY is the standard deviation of phenotypic value of trait Y.  

 

RESULTS AND DISCUSSION 

  

Fixed effects: 

 The mean, phenotypic standard deviations [ p] and coefficient of variation [CV], for studied traits are 

presented in Table 1. The mean of milk yield [1395.2 kg] is comparable with that reported by Mourad et al. [13] 

and El-Bramony et al. [14] for the same population. This is lower than those reviewed by Rosati and Van Vleck 

[7], Barros et al. [15] and Malhado et al. [16] working on other populations of buffaloes. Their higher estimates 

could be due to good managerial practices, as well as to the results of the selection program for milk production 

carried out in India and Pakistan for decades. Therefore, much attention should be paid for improving 

managerial practices. 

 Means for fat and protein yields obtained in the present study were much lower [Table1] than their 

corresponding estimates given by Rosati and Van Vleck [7] for the Italian buffalo [196.9 kg and 104.7 kg, 

respectively]. Kitchen [17] found no change in fat content, yet total fat yield decreased because of a decline in 

milk production. 

                                  

Table1. Descriptive statistics of studied traits 

Trait
1
    Mean  p CV % 

MY, kg 1395.2 644.5 46.0 

FY, kg     94.8   46.5 49.0 

PY, kg     53.2   24.2 45.0 

WAC, kg   481.7    76.9 16.0 

AAC, mo     65.4   21.5 33.0 
  1

MY:
 
milk yield, FY: fat yield, PY: protein yield, WAC: weight at calving and AAC: age at calving. Number of 

lactations=1453. 

 

 The mean of weight at calving was 481.7 kg. Previous studies on other populations of buffalo showed that 

the average weight at calving ranged from 379.1 kg to 465 kg [6, 18, 19 and 20] in the first lactation. Estimate 

of the average weight at calving [first through fifth] lactations is not available for other populations of buffalo.  

 Table 2 presents analysis of covariance for fixed effects in lactation studied traits. The results of analysis 

covariance revealed that all fixed effects [herd-year-season of calving and age at calving] had a significant effect 

[P<0.01] on variation of all the studied traits. Similar results were reported by El-Bramony [6], Mourad et al. 

[13], El-Bramony et al. [14], Marai et al. [19], Cortes et al. [20], Ashmawy [21] and Badran et al. [22] for the 

same population and Johari and Bhat [18], Ceròn-Muñoz et al. [23], Nazari et al. [24] and Akhtar et al. [25] for 

other populations of buffalo.  

 

    Table 2. Analysis of covariance for studied traits
1
 

       1
See abbreviations in table1.

 
*significant P<0.01. 

 

Phenotypic and genetic parameters for studied traits: 

Repeatability estimates:  

 Estimates of repeatability, heritability, genetic and phenotypic correlation for studied traits are listed in 

Table 3. The repeatability estimates for milk yield traits [Table 3] were comparable with those reported by 

Nazari et al. [24] for river buffalo. These estimates are higher than the estimates reviewed by Mourad et al. [13], 

Malhado et al. [16], Ashmawy [21], Dhar and Deshpande [26] and Tonhati et al. [27] for other populations of 

buffalo those were in the range from 0.29 to 0.48. The higher repeatability estimates for milk yield traits in this 

   Source of variation d.f. Mean Square      

     MY            FY         PY        WAC 

 Herd-year-season    76 2282156
*
  10455

*
    3064

*
      8388

*
 

 Age at calving      1 7690843
*
 415235

*
 106086

*
 2167844

*
 

  Remainder    1375      253176     1376      374      4139 
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study are within range of estimates obtained by El-Bramony et al. [14] for the same population, and Nazari et al. 

[24] for river buffalo. This could be a result of the increase of random buffalo cow variance with lactation order 

advanced [14]. The higher estimates of repeatability indicate that buffalo cows can be selected on basis of their 

performance for milk yield traits in the first lactation. 

 Estimate of repeatability for the weight at calving was 0.382 [Table 3]. This indicates that this trait could be 

improved by genetic selection program. Repeatability estimates for growth traits reported by Akhtar et al. [25] 

ranged between 0.41 and 0.49. 

 

Heritability estimates: 

 Heritability estimates for milk yield traits [Table 3] varied from 0.113 to 0.159. Estimates were comparable 

with these reported by El-Bramony et al. [14] for the same population. Previous studies on other buffalo 

populations [7, 16, 24, 26 and 27] reported that milk yield traits ranged between 0.12 and 0.28. Jensen et al. [28] 

and EL-Bramony et al. [29] stated that the residual and permanent environmental variances generally increased 

with parity, which cause decrease in heritability estimates. Generally, estimates of heritability obtained in the 

present study are low despite the fact that the Egyptian buffalo has not gone through intense genetic selection 

that could result in eroding the additive genetic variance [14].  

 The heritability estimate for the weight at calving is within the range of estimates obtained by El-Bramony 

[6] for the same population [Table 3] and Johari and Bhat [18] for other populations of buffalo in the first 

lactation. However, David Clark and Touchberry [30] and Boligon et al. [31] reported that the heritability 

estimate for the weight at calving ranged between 0.19 and 0.45 for dairy cattle. Thus, the moderate estimate of 

heritability [0.273] in the present study can be considered to promote substantial genetic response through 

selection scheme in this population. 

 

Phenotypic and genetic correlations:  

Phenotypic and genetic correlations between studied traits are given in Table 3. The estimates were high and 

positive between milk yield traits. These results suggest the possibility of using these traits as selection criteria 

to improve milk yield. Also, they indicate that selection for any of these traits would result in a correlated 

positive response in the others. Estimates were comparable with these reported by El-Bramony et al. [14] for the 

same study population. The corresponding estimates for other populations of buffalo ranged from 0.75 to 0.95 as 

given by Rosati and Van Vleck [7] and Nazari et al. [24]. 

 In general, association between milk yield traits and weight at calving are very limited in the literature for 

other population of buffalo. Weight at calving was low and had positive phenotypic correlation with milk, fat 

and protein yields [Table 3]. Similar results were obtained by El-Bramony [6] for the same population and 

Freking and Marshall [3] on dairy cattle. They found that positive phenotypic correlation between weight at first 

calving and milk production [0.01 to 0.02].   The results in Table 3 show that weight at calving had low and 

negative genetic correlations [-0.109 to -0.256] with milk, fat, and protein yields.  

Similarly, Moore et al. [2] and Lee and Pollak [32] reported negative estimates of the genetic correlation 

between weight at calving and milk yield in the first lactation [-0.22 to -0.33] for dairy cattle. 

In addition, David Clark and Touchberry [30] reported that genetic correlation between weight at calving and 

each of milk and fat yields were low being -0.12 and -0.23 in the first four lactations in dairy cattle. They 

indicated that the direct selection of increasing both body weight and milk yield is not expected to have positive 

genetic response through a selection scheme. Thus, it would be better to consider other traits positively 

correlated of these traits. 

  Sejrsen et al. [1] and Hoffman et al. [4] stated that the negative estimates obtained for genetic correlation 

between weight at first calving and milk production could be due to increase growth rates of heifers. Moreover, 

during the prepubertal period of heifers growth, the development of mammary gland secretory tissue sensitive to 

body weight gain. MacDonald et al. [5] stated that body weight at calving and postpubertal growth rates of 

heifers were important in first lactation milk yield but did not affect milk production in subsequent lactations.  

   In a review paper concerning buffalo breeding literature for river buffaloes, Rosati and Van Vleck [7] stated 

that the weight at calving had a significant effect up to the fifth lactation. The low and negative genetic 

associations of weight at calving with milk yield traits indicate that a selection scheme to improve milk yield 

trait is not expected to result in a large negative effect on quality and quantity of milk yield. Thus, it would be 

better to consider weight at calving through a selection scheme the expected direct and correlated responses of 

selection assuming intensity selection to be one, just for comparison, are shown in Table 4.  

The expected gain in yield traits [milk, fat and protein] and weight at calving would be 102.5, 6.2, 3.6 and -1.7 

kg, respectively, when selection was based on milk yield. The corresponding  expected response to selection per 

generation expressed as percentages of the overall mean were +7.3, +6.5, +6.8 and -0.37% for MY, FY and PY 

and WAC, respectively. The  corresponding estimates when selection was based on fat, resulted in +6.2, +5.6, 

+5.8 and -0.37% as calculated from Table 4, while selection was based on protein yield resulted in +6.9, +6.2, 

+6.6 and -0.81%. Similarly, selection in MY, FY and PY and WAC would be -1.0, -1.2, -2.3 and +4.4%, 
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respectively when selection was based on weight at calving [Table 4]. Thus, the adoption of milk yield, as a 

criterion of selection resulted in an increase of the expected genetic response for yield traits [milk, fat and 

protein] with almost nil decrease in body weight at calving. These results are in agreement with those of buffalo 

cows by Seno et al. [33] and El-Barmony et al. [34] and Ashmawy and Khalil [35] for dairy cattle. 

 

Table 3. Estimates of heritability [top the diagonal in bold], repeatability [bottom the diagonal in bold] and 

genetic correlations [above the diagonal in bold] and their standard errors in parenthesis and phenotypic 

correlations [below the diagonal] for studied traits.  

Trait
1
 MY FY PY WAC 

 

MY 

  0.159 

   (0.021) 

  0.517 

  (0.016) 

0.997 

(0.131) 

 

0.986 

(0.142) 

-0.109 

 (0.026) 

 

FY 

 

 

0.956 

 

0.113 

(0.010) 

0.497 

(0.016) 

0.993 

(0.140) 

 

-0.136 

 (0.024) 

 

 

PY 

    

 

0.959 

 

 

0.947 

0.145 

(0.020) 

0.507 

(0.016) 

-0.256 

(0.021) 

 

 

WAC 

 

0.061 

 

0.068 

 

0.122 

 

(0.273) 

(0.031) 

0.382 

(0.015) 
  1

See abbreviations in table1. 

 

Table 4. Expected direct [on the diagonal in bold] and correlated responses [off the diagonal] for studied traits 

1
See abbreviations in table1. Selection intensity equals 1.0, for comparison, for selection single trait on female 

side, no selection on male side. 

 
Conclusion: 

 The positive and high genetic and phenotypic correlations between yield traits [milk, fat and protein] 

indicate that selection program for any of these yields would result in a correlated positive response in the 

others. The moderate estimate of heritability for weight at calving can be considered to promote substantial 

genetic response through selection scheme in this population. The low and negative genetic associations of 

weight at calving with yield traits [milk, fat and protein] indicate that a selection scheme to improve milk yield 

trait is not expected to result in a large negative effect on of milk yield traits. Thus, it would be better to consider 

weight at calving through a selection scheme. The adoption of milk yield, as a criterion of selection resulted in 

an increase of the expected genetic response for yield traits with almost nil decrease in body weight at calving.    
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Trait
1
   Expected genetic response in yields [kg]:   

         MY FY PY WAC 

MY 102.5 6.2 3.6 1.7- 

FY    86.1 5.3 3.1 -  1.8 

 PY    96.5 5.9 3.5 -  3.9 

  WAC   -14.6            -1.1             -1.2   21.0 
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