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SUMMARY 
 

 Data on 2186 lactation records of 541 pure Friesian cows presenting 43 sires and 372 dams born at the Dairy 

Unit of Milk and Meat Project of the Faculty of Agriculture, Alexandria University, between 1983-2006 were utilized 

to evaluate lifetime milk yield (LMY), days in lactation (LDL), daily milk yield (LDMY) and number of lactations 

(NL) of  Friesian cows. Also, the effects of season and year of  calving and age at first calving on the previous traits 

were studied. 

 The least square means of LMY, LDL, LDMY and NL were 18310 kg, 1318 day, 13.6 kg and 4.04 lactations, 

respectively. Season of calving had no significant effect on all studied traits. Year of calving had significant effect 

(P<0.01) on all studied traits. Age at first calving had significant effect (P<0.05) on LDMY, but had no 

significant effect on LMY, LDL and NL.  

 The heritability estimates from univariate animal models were 0.272, 0.137, 0.117, and 0.116 for LMY, LDL, 

LDMY and NL, respectively. The moderate heritability for LMY emphasized the possibility of realizing a 

considerable rate of genetic improvement in this trait through selection programme. The genetic corrletions 

estimated from bivariate animal models were positive ranging from 0.264 to 0.993, except that between LMY and 

LDMYwas negative (-0.163). All correlations among all traits were significant (P<0.01). The positive genetic 

correlations between LMY and each of LDL and NL indicate that selection for any traits associated with genetic 

improvement in other traits. Phenotypic correlations among all traits were positive ranging from 0.099 to 0.966 

and significant (P<0.01 or P<0.05). 

 The breeding values for LMY, LDL, LDMY and NL of cows ranged between -759 and 1139 kg, -101 and 105 day, 

-1.77 and 1.82 kg and between -01.64 and 2.69 lactations, respectively, the corresponding values for dams were 

between -814 and 1107 kg, -122 and 100 day,  -2.38 and 1.53 kg and between -1.74 and 3.24 lactations, respectively. 

The breeding values for sires were between -560 and 748 kg, -117 and 83 day, -1.79 and 1.26 kg and between -1.44 

and 3.12 lactations for the respective traits. The genetic trends estimated by the regression of sires breeding values 

on time were positive and nonsignificant for LMY, LDL and NL and negative approached zero for LDMY. 

Generally, the results indicate that improvement of productive lifetime traits of Friesian cows could be obtained 

through both selection programme and improvement of management conditions.  
 

 Keywords: Heritability, genetic correlation, breeding values, genetic trend, productive lifetime traits, Friesian 

cows   
 

INTRODUCTION 
 

 The ability of the cow to produce and reproduce 

for many years is a very important characteristic in 

dairy enterprises. Consequently, productive lifetime 

is generally considered as one of the most important 

economic traits in dairy cattle production (Tekerli 

and Kocak 2009, Singh et al. 2011, Jovanovac et al. 

2013, Kefena et al. 2013, Martens and Bange 2013, 

Teke and Murat 2013, Novakovic et al. 2014, Jenko 

et al. 2015, Van Pelt et al. 2015, Horvath et al. 2017 

and Mirhabibi et al. 2018). Increase productive 

lifetime affects profitability in a desired direction by 

reducing replacement costs and increasing the higher 

yielding cows in the herd (Brickell and Wathes 2011, 

Singh et al.2011, Jovanovac et al. 2013, Sasaki 2013, 

Van Pelt et al. 2015, Horvath et al. 2017 and 

Mirhabibi et al. 2018). 

 During the last three decades, milk yield per 

lactation has greatly increased, whereas fertility, 

health and productive life have decreased (Kanus 

2009, Oltenacu and Broom 2010, Zink et al. 2012, 

Pritchard et al. 2012, Martens and Bange 2013, 

Horvath et al. 2017 and Mirhabibi et al. 2018). 

Consequently, these traits have been considered in 

breeding programs in most countries all over the 

world (Oltenacu and Broom 2010, Zavadilová and 

Štípková 2012, Kargo et al. 2014, Olechnowicz et al. 

2016, Mirhabibi et al. 2018 and Ward et al. 2018). 

Genetic improvement of lifetime productive traits by 

direct or indirect selection requires estimates of 

genetic parameters of these traits (Sadek et al.2009, 

Zavadilová and Štípková 2012, Zink et al. 2012, Al-

Samarai et al. 2013, Goshu et al. 2014, Stanojevic et 

al.2016 and Ward et al. 2018). Evaluation of the 

dairy cows' lifetime productive traits is important for 

developing breeding and management programs for 

genetic improvement; it helps in selection sires and 

dams with superior genetic merits (Jovanovac et al. 

2013, Kern et al. 2014, Radwanet al. 2015, Kern et al. 

2016, Abfalter et al. 2016, Olechnowicz et al. 2016 

and Ward et al. 2018). 

 The objective of this investigation was to evaluate 

lifetime milk yield, days in lactation and daily milk 
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yield and number of lactations of Friesian cows raised 

in a governmental dairy herd in Egypt. Also, the 

effects of season and year of calving and age at first 

calving on the considered traits were studied. 

 

MATERIALS AND METHODS 
 

Source of data: 

 Data used in this investigation were collected from 

2186 lactation records relevant to 541 locally born pure 

Friesian cows which belong to the Dairy Unit of Milk 

and Meat Project of the Faculty of Agriculture, 

Alexandria University. This project has been 

established in 1982 and the records representing cows 

born during the period from 1983 to 2006. The traits 

under investigation were lifetime total milk yield in 

kilograms (LMY), days in lactation in days (LDL), daily 

milk yield in kilograms (LDMY) and number of 

lactations (NL).  

 

Herd management: 

 Animals were housed free in shaded open yards, 

grouped according to their average daily milk yield, and 

fed ad libitum on berseem (Trifolium alexandrinum) 

from November till May and on Sorghum (Sorghum 

bicolor)along with berseem hay from June till October. 

They were also fed all year around on concentrate 

supplementary ration containing at least 14 % crude 

protein and 65 % total digestible nutrient. Feeding 

allowances were offered according to milk production 

and physiological status as recommended by NRC 

(1982 and 1989). Water was also available ad libitum. 

Heifers were artificially inseminated for the first time 

when reaching 350 kgs of weight and pregnancy was 

detected by rectal palpation 60 days after service. The 

cows were machine milked twice a day at 06.00h and 

18.00h. 

 

Statistical analysis: 

 Least squares of GLM procedure (SAS 2008) 

were utilized to test the significance of the fixed 

effects of season of calving (4 seasons), year of 

calving (8 periods) and age at first calving as a 

covariate. Month of first calving were classified by 

season into autumn’s between September and 

November, winter’s between December and February, 

spring’s between March and May and summer’s 

between June and August. Year of first calving was 

classified into six groups (1= 1985-1988, 2= 1989 - 

1992, 3=1993 - 1996, 4= 1997 – 2000, 5= 2001-2004 

and 6= 2005-2008). The statistical model fitted was:  

Yijkl = µ + S i + Tj + + β (Ageijk) + eijkl  where, 

Yijkl: either LMY, LDL, LDMY or NL;µ: an 

underlying constant specific to each trait; S i: the 

fixed effect of i
th

 season of calving (i=1,2,3 and 4); 

Tj: the fixed effect of j
th

 year of calving 

(j=1,2,3……11); β: the linear regression coefficient 

of each studied trait on age at first calving, as a co-

variable, Ageijk: the deviation of age at first calving 

from its mean, as a co-variable, and eijkl: random 

residual assumed to be independent normally 

distributed with mean zero and variance
2

e. 

 Variance and covariance components and genetic 

parameters were estimated using the Wombat 

programme (Meyer, 2006) fitting univariate and 

bivariate animal models. The assumed model was:  

y = Xb + Za + e where,   

y: a vector of observations, b: a vector of fixed 

effects with an incidence matrix X, a: a vector of 

random animal effects with incidence matrix Z, and 

e: a vector of random residual effects with mean 

equals zero and variance 
2

e. The vector of additive 

(animal) effects (a) was assumed to be N~(0, A
2

a ), 
where A is the numerator relationship matrix among 

animals in the pedigree file and 
2

e is direct genetic 

variance. The vector of residual effects (e) was 

assumed to be N~ (0, I
2

e), where I being the identity 

matrix, and
2

e is the residual variance cov (a,e)=0. 

  The genetic correlations between traits were 

estimated from bivariate animal model. The assumed 

model was:  

 
  Where yi = vector of observations, b i = vector 

of fixed effects, ai = vector of random animal effects 

for the i
th

 trait, ei = vector of random residual effects 

for the i
th

 trait, and Xi and Zi are incidence matrices 

relating records of the i
th

 trait to the fixed and the 

random animal effects, respectively. 

It is assumed that: 

var [

  
  
  
  

]  [

        
        

  
  

  
  

      
      

] 

 Where g11 is the genetic variance for trait 1, g22 is 

the genetic variance for trait 2, g12 = g21 is the genetic 

covariance between both traits, r11 is the residual 

variance for trait 1, r22 is the residual variance for 

trait 2, r12 =r21 is the residual covariance between 

both traits. 

          The genetic trends for the studied traits were 

computed as the regression coefficients of sires 

breeding values on their year of birth. 

 

RESULTS AND DISCUSSION 

 

 The means, standard deviation (SD) and 

coefficient of variation (CV %) of the studied traits 

are shown in Table (1). The means of LMY, LDL, 

LDMY and NL were 18309 kg, 1318 day, 13.6 kg and 

4.04 lactations, respectively. The means of LMY and 

NL were higher than those of being 9760 kg and 2.48 

lactations, respectively documented by Khattab et al. 

(2009) on other herd of Friesian cows in Egypt. 

Moreover, the means of LMY, LDL and NL were 

higher than those being of 8831 kg, 35.8 month and 

3.34 lactations for LMY, LDL and NL, respectively 

depicted by Sadek et al. (2009) on Friesian cows in 

Egypt. On the other hand, the means of LMY and 

LDMY were lower than those of being 217796 and 

18.63 kg, respectively reported by Oudah et al. 

(2013) on a commercial herd of Friesian cows in 
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Egypt. Whereas, the current means of LDL and NL 

were higher than those of 1230 day and 3.73 

lactations obtained by Oudah et al. (2013). 
 

Table 1. Means, standard deviations (SD) and coefficient of variation (CV % ) of the studied traits  

Traits Mean SD CV%  

LMY (kg) 18309.02 11356 52.84 

LDL (day) 1317.91 738.09 48.26 

LDMY (kg) 13.58 2.90 14.48 

NL (lactation) 4.04 2.27 49.02 

No. of records 2186   
LMY: lifetime milk yield, LDL: lifetime days in lactation, LDMY: lifetime daily milk yield and NL: number of lactations. 
 

Non-genetic effects: 

 Season of calving had no significant effect on all 

studied traits , but year of calving had significant 

effect (P<0.01) on all traits (Table 2). Similar effects 

on LMY of Holstein cows in Egypt were documented 

by Abou-Bakr (2009). In India, Singh et al. (2011) 

depicted that season and year of birth had no 

significant effects on LMY and LDL of Sahiwal 

cattle. Age at first calving as a co-variable had 

significant effect (P<0.05) on LDMY, but had non-

significant effect on LMY, LDL and NL (Table 2). 

Contrary, Abou-Bakr (2009) reported that age at first 

calving had significant effect (P<0.01) on LMY. 

Moreover, Teke and Murat (2013) indicated that age 

at first calving had significant effects (P<0.05 or 

P<0.001) on LMY and lifetime of Holstein cows in 

Turkey. In general, these effects could be attributed 

to the changes in climatic conditions and feeding 

regimes and managerial systems during different 

seasons and years. 

 

 

Table 2. Effects of season and year of calving and age at first calving on the studied traits  

Factors 
Traits 

df LMY  LDL LDMY NL 

Season of calving 3 NS NS NS NS 

Year of calving 5 ** ** ** ** 

Age at first calving 1 NS NS * NS 

Error 531     
LMY: lifetime milk yield, LDL: lifetime days in lactation, LDMY: lifetime daily milk yield and NL: number of lactations. 
NS: Not significant (P>0.05); *: Significant (P<0.05); **: Highly significant (P<0.01). 
 

Genetic and phenotypic parameters: 

 Heritability (h²): 

 Estimates of variance components  and heritability 

(h²) for all lifetime studied traits are presented in 

Table (3). Heritability estimates obtained in this 

study were 0.272, 0.137, 0.117 and 0.116 for LMY, 

LDL, LDMY and NL. Moderate heritability estimates 

for LMY in this study indicate that improvement of 

this trait could be obtained through both selection 

program and improvement of management conditions. 

Whereas, low heritability estimates for LDL, LDMY 

and NL in this study indicated large environmental 

effects on these traits and reflected differences in 

their response to the existing environmental 

conditions. Similarly, moderate heritability estimate 

of 0.24 for LMY of Holstein cows was depicted by 

Abou-Bakr (2009). Khattab et al. (2009) reported 

moderate heritability estimate of 0.24 for LMY and 

low estimate of 0.12 for NL of Friesian cows. In Iraq, 

Sadek et al. (2009) depicted moderate heritability 

estimates of 0.29, 0.29 and 0.25 for LMY, LDL and 

NL, respectively. Al-Samari et al. (2013) reported 

low heritability estimates of 0.10 and 0.02 for LMY 

and NL of Holstein cows. Oudah et al. (2013) 

documented heritability estimates of 0.268, 0.365, 

0.024 and 0.401 for LMY, LDL, LDMY and NL of 

Friesian cows. In Serbia, Stanojevic et al. (2016) 

indicated low heritability estimates of 0.067 and 

0.0747 for LMY and NL of Holstein cows, 

respectively. In India, Vintohraj et al. (2016) 

indicated heritability estimates of 0.095, 0.044 and 

0.073 for LMY, LDL and LDMY, respectively of 

Jersey x Red Sindhi crossbred cows.  In Libya, Ward 

et al. (2018) reported heritability estimates of 0.18, 

0.19 and 0.30 for LMY, LDL and LDMY, 

respectively. In view of the wide range of heritability 

estimates with other studies, there is good evidence 

that genetics plays a moderately large part, in 

determining variations in LMY and certain associated 

characters.  

 

 

Table 3. Additive genetic (
2

a), environmental (
2

e) and phenotypic variances (
2

P), and heritability (h²) 

for the studied traits.  

Traits                         2
a 

2
e 

2
P h² (SE) 

LMY 0.243  0.650  0.893  0.272 (0.018) 

LDL 6750.3 42476  49226. 0.137 (0. 091) 

LDMY 2.505 18.830  21.335 0.117 (0.097) 

NL 3.457 26.373  29.830 0.116 (0.090) 
LMY: lifetime milk yield, LDL: lifetime days in lactation,  

LADM: lifetime daily milk yield and NL: number of lactations. 
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Genetic correlations: 

 Table (4) shows that genetic correlations among 

the studied traits were positive ranging from 0.264 to 

0.993, except thatbetween LMY and LDMY was 

negative (-0.163). All correlations among all traits 

were significant (P<0.01). The positive genetic 

correlations among LMY, LDL and NL would result 

in a correlated response when selecting for LMY and 

consequently could produce genetic improvement in 

these correlated traits. However, the low negative 

genetic correlation between LMY and LDMY could 

result in negligible deleterious in the former when 

selection is applied on the latter. Therefore, high milk 

producers may not be the first choice for total merit 

amelioration. Khattab et al. (2009) obtained genetic 

correlations of 0.50 between LMY and NL of Friesian 

cows. Sadek et al. (2009) documented extremely high 

positive genetic correlations of 0.99, 0.96 and 0.98 

between LMY and LDL, LMY and NL and between 

LDL and NL of Friesian cows, respectively. Oudah et 

al. (2013) depicted significant (P<0.01) positive 

genetic correlations ranged from 0.261 to 0.998 among 

LMY, LDL, LDMY and NL of Friesian cows . The 

genetic correlation between two traits is mainly due 

to genes that have effects on both traits. Genetic 

correlations have always been important part of 

carefully constructed breeding programs. 

 
 

Table 4. Genetic (below diagonal) and phenotypic correlations (above diagonal) and standard errors  (SE) 

among the studied traits 

Traits LMY LDL LDMY NL 

LMY  0.966** (0.002)  0.247** (0.049) 0.597** (0.028) 

LDL 0.993** (0.008)  0.198** (0.051) 0.625** (0.026) 

LDMY -0.163** (0.404) 0.928** (0.588)  0.099* (0.580) 

NL 0.264** (0.901) 0.561** (0.679) 0.615** (0.679)  
LMY: lifetime milk yield, LDL: lifetime days in lactation, LDMY: lifetime daily milk yield and NL: number of lactations. 

* Significant (P<0.05) **: Highly significant (P<0.01). 
 

Phenotypic correlations: 

 Phenotypic correlations among the studied traits 

were significant (P<0.05 or P< 0.01) positive ranging 

from 0.099 to 0.966 (Table 4). Oudah et al. (2013) 

documented positive phenotypic correlations ranged 

from 0.050 to 0.900 among LMY, LDL, LDMY and 

NL of Friesian cattle. Khattab et al. (2009) reported 

positive phenotypic correlations  of 0.30 between LMY 

and NL of Friesian cows. Sadek et al. (2009) reported 

extremely high positive phenotypic correlations of 

0.97, 0.91 and 0.95 between LMY and LDL, LMY and 

NL and between LDL and NL of Friesian cows, 

respectively. Oudah et al. (2013) indicated significant 

(P<0.01) positive phenotypic correlations ranged from 

0.519 to 0.900 among LMY, LDL, LDMY and NL of 

Friesian cows except that between LDLand LDMY 

was being of 0.050. Also, Ward et al. (2018) depicted 

high positive phenotypic correlation of 0.78 between 

LMY and LDMY. The phenotypic correlation is due 

to genetic effects that are in common for the two 

traits, as well as environmental effects that affect 

both traits. 
 

Breeding values: 

 Estimates of breeding values (BV) for cow, dams 

and sires for all studied traits are presented in Table 

(5). Breeding value defined as the total genetic ability 

of an animal for a given trait. Therefore, breeding 

value refers to the value of an animal in a breeding 

program for a particular trait.  In practice, breeders 

want to know the level of performance that can be 

expected from progeny of certain individuals. The 

present breeding values for cows ranged between -759 

and 1139 kg, -101 and 105 day, -1.77 and 1.82 kg and 

between -1.64 and 2.69 lactations for LMY, LDL, 

LDMY and NL, respectively, the corresponding values 

for dams were between -814 and 1107 kg, -123 and 100 

day, -2.38 and 1.53 kg and between -1.74 and 3.24 

lactations, respectively. The breeding values for sires 

were between -560 and 748 kg, -117 and 83 day, -1.79 

and 1.26 kg and between -1.44 and 3.12 lactations for 

the respective traits. Khattab et al. (2009) documented 

breeding values for Friesian cows, dams and sires 

varied between -2141and 4379, -12721 and 2241and 

between -2525 and 4021 kg and between -0.7and 1.3, -

0.5 and 0.4 and between -0.7 and 0.5 lactation for LMY 

and NL, respectively. Oudah et al. (2013) reported 

breeding values for Friesian sires ranged between -931 

and 3692 kg, -224 and 164 day, between -0.128 and 

0.144 kg and between -0.718 and 0.607 lactation for 

LMY, LDL, LDMY and NL, respectively. In general, 

estimation of the breeding values is necessary for the 

application of an optimal breeding strategy seeking 

the genetic improvement of the dairy cows' 

performance traits.  

 

 

Table 5. Breeding values of cows, dams and sires for the studied traits  

Trait 
Cow breeding values Dam breeding values Sire breeding values 

Min.  Max.  Range Min.  Max.  Range Min.  Max.  Range 

LMY (kg) -759  1139  1898 -814  1107  1921 -560  748  1300 

LDL (day) -101  105  206 -122  100  222 -117  83  200 

LDMY (kg) -1.77  1.82  3.59 -2.38  1.53  3.91 -1.79  1.26  3.05 

NL (lactation) -1.64  2.69  4.33 -1.74  3.24  4.90 -1.44  3.12  4.52 
LMY: lifetime milk yield, LDL: lifetime days in lactation,     LDMY: lifetime daily milk yield and NL: number of lactations.  
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Genetic trends: 

The genetic trends estimated as the regression 

coefficients of estimated breeding values of sires on 

time were positive and non-significant for LMY, LDL 

and NL, but negative and non-significant for LDMY 

(Table 6). This might be attributed to the use semen of 

sires usually with variable genetic background from 

different sources. No apparent specific genetic trend 

which reflected the lack genetic progress achieved 

overtime, indicated the need for designing an 

effective long-term breeding program to improve 

productive lifetime traits of Friesian cows in this herd 

through selection and planned mating with semen of 

sires which possess high ETA for milk production 

and fertility obtained from trustable genetic source. 

 

 

Table 6. Regression coefficients (b±SE) of estimated breeding values of sires on their birth year for the 

studied traits  

 
Traits 

Sire breeding values 

b ± SE 

LMY (kg) 2.738
NS

 ± 6.303 

LDL (day 0..154
NS

 ± 0.823 

LDMY (kg) -0.004
NS

 ± 0.014 

NL (lactation) 0.003
NS

 ± 0.018 
LMY: lifetime milk yield, LDL: lifetime days in lactation, LDMY: lifetime daily milk yield and NL: number of lactations.  

NS: Not significant (P>0.05). 

 

CONCLUSIONS 

 

The moderate heritability for LMY emphasized 

the possibility of realizing a considerable rate of 

genetic improvement in this  trait through selection 

program. Selection with high emphasis on LMY will 

likely affect LDL and NL since its genetic 

correlations with these traits were highly and mildly 

positive. Low heritability estimates for LDL, LDMY 

and NL indicated that the differences in these traits of 

Friesian cows in this herd were mainly due to 

different nutritional, climatic conditions and 

management practices prevalent over different times. 

The low genetic trends of sires for all studied traits 

reflected the lack genetic progress achieved overtime. In 

general, the results indicate that improvement of 

productive lifetime traits  of Friesian cows could be 

obtained through both selection program and 

improvement of management conditions . 
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 محلياَ في مصرالمولودي لبعض صفاث طول الحياة اإلوتاجيت ألبقار الفريزيان التقييم الوراثي 
 

 محمد محمود سالم ، محمد حسه حمود 

 
 جامعت اإلسكىدريت -كليت الزراعت -قسم اإلوتاج الحيواوي والسمكي

 

ث٘حذح  6002ًٗحزى  8811ثقشح فشٌضٌبُ ٍ٘ى٘دٓ خاله اىفزشح ٍِ  148ثعذد  ٔخبصسغو حيٍت  6812عذد  ٕزا اىجحش ثٍبّبدفً  سزخذًا 

ىجعض صفبد ط٘ه اىحٍبح اإلّزبعٍخ ألثقبس اىفشٌضٌبُ فً ٕزا اىقطٍع اىزقٌٍٍ اى٘ساصً  إلعشاءعبٍعخ اإلسنْذسٌخ  -ميٍخ اىضساعخ -إّزبط األىجبُ ٗاىيحً٘

 .جحشمو ٍِ ٍ٘سٌ اى٘الدح، سْخ اى٘الدح ٗاىعَش عْذ أٗه ٗالدح عيً اىصفبد ٍ٘ضع اى ٗأٌضبً دساسخ رأصٍشاإلّزبعً. 

ً  اىجٍبّبد رحيٍو رٌ  مغٌ إلّزبط  81108اىَز٘سظ اىعبً ثيغ  اىْزبئظ أُأٗضحذ . SASٗ ثشّبٍظ ثبسزخذاً ىيَشثعبد اىحذاألدّى ثطشٌقخ إحصبئٍب

 عذد ٍ٘اسٌ اىحيٍت. ٍ٘سٌ اى٘الدحى 4.04مغٌ ىَز٘سظ اىيجِ اىًٍٍ٘ ط٘ه اىحٍبح  ٗ  81.11ًٌ٘ ألٌبً اىحيت ط٘ه اىحٍبح،  8181اىيجِ ط٘ه اىحٍبح، 

َ عيً مو اىصفبد ٍ٘ضع اى َ ٍعٌْ٘ب و اىصفبد. اىعَش عْذ أٗه عيً م (P<0.01)مبُ ىٖب رأصٍشاً ٍعٌْ٘بً عذاً سْخ اى٘الدح ثٍَْب  جحشىٌ ٌنِ ىٔ رأصٍشا

ً ٍعٌْ٘بً عيً مو اىصفبد فٍَب عذا   . (P<0.05)حٍش مبُ اىزأصٍش ٍعْ٘ي ىَز٘سظ اىيجِ اىًٍٍ٘ ط٘ه اىحٍبح ٗالدح ىٌ ٌنِ ىٔ رأصٍشا

َ  اىجٍبّبد رحيٍو رٌ  ٗرضَِ اىَْ٘رط اىزأصٍشاس اىضبثزخ ىيع٘اٍو  Wombat. ثشّبٍظ ثإسزخذاً Animal Model اىحٍ٘اُ َّ٘رط ث٘اسطخأٌضب

ألٌبً اىحيت ط٘ه ، 0.6.6مبّذ رقذٌشاد اىَنبفئ اى٘ساصً ىصفخ إّزبط اىيجِ ط٘ه اىحٍبح غٍش اى٘ساصٍخ ثبإلضبفخ إىً رأصٍش اىحٍ٘اُ مَزغٍش عش٘ائً. 

ثبالّزخبة حٍش  إّزبط اىيجِ ط٘ه اىحٍبحىً ٌَنِ رحسٍِ ٗثبىزب 0.882عذد ٍ٘اسٌ اىحيٍت ٗى .0.88، ىَز٘سظ إّزبط اىيجِ ط٘ه اىحٍبح .0.81اىحٍبح 

فٍَب ثٍِ  0.881إىً  0.624ٗمبّذ رقذٌشاد ٍعبٍالد االسرجبط اى٘ساصً ٍ٘عجخ ٗرشاٗحذ ثٍِ أُ قٍَخ اىَنبفًء اى٘ساصً ىٖزٓ اىصفخ ٍز٘سطخ.

(. 0.821-)مبّذ سبىجخ زبط اىيجِ اىًٍٍ٘ ط٘ه اىحٍبح مو ٍِ إّزبط اىيجِ ط٘ه اىحٍبح ٍٗز٘سظ إّاىزً ثٍِ ٍ٘ضع اىذساسخ فٍَب عذا ريل اىصفبد 

َ ٗمبّذ مو  سٍحذس اسزغبثخ غٍش ٍب ٌٗزضح ٍِ اىزالصً اى٘ساصً اىَ٘عت أُ االّزخبة ىصفخ  .(P < 0.01)رقذٌشاد االسرجبط اى٘ساصً ٍعٌْ٘خ عذا

َ  0.822إىً  0.088 ٗمبّذ رقذٌشاد ٍعبٍالد االسرجبط اىَظٖشي ٍ٘عجخ ٗرشاٗحذ ثٍِ ٍجبششح فً ثبقً اىصفبد. أٗ  (P<0.01) ٍٗعٌْ٘خ عذا

 . (P<0.05) ٍعٌْ٘خ 

 6.28ٗ 8.24-مغٌ ٗثٍِ  8.16ٗ  ...8-ًٌ٘ ٗثٍِ  801ٗ 808-مغٌ ، ثٍِ  8818ٗ  18.-رشاٗحذ رقذٌشاد اىقٌٍ اىزشثٌ٘خ ىألثقبس ثٍِ  

عيً اىز٘اىً. أٍب رقذٌشاد عذد ٍ٘اسٌ اىحيٍت ًٍ٘ ط٘ه اىحٍبح ٗىإلّزبط اىيجِ ط٘ه اىحٍبح، ألٌبً اىحيت ط٘ه اىحٍبح، ىَز٘سظ إّزبط اىيجِ اىٍٍ٘سٌ 

ٍ٘سٌ ثبىْسجخ  1.64ٗ  4..8-مغٌ ٗثٍِ  8.11ٗ  6.11-ًٌ٘ ٗثٍِ  800ٗ 866-مغٌ ، ثٍِ  .880ٗ  184-اىقٌٍ اىزشثٌ٘خ ىألٍٖبد فزشاٗحذ ثٍِ 

 8.62ٗ  8..8-ًٌ٘ ٗثٍِ  11ٗ .88-مغٌ ، ثٍِ  41.ٗ  120-ِ ىيصفبد اىسبثقخ عيً اىز٘اىً. أٍب رقذٌشاد اىقٌٍ اىزشثٌ٘خ ىيطالئق فزشاٗحذ ثٍ

ىيقٌٍ اىزشثٌ٘خ ىألٍٖبد ثبىْسجخ ىنو اىصفبد ٍ٘سٌ ثبىْسجخ ىيصفبد اىسبثقخ عيً اىز٘اىً. ٌٗالحظ أُ ْٕبك ٍذي ٗاسع  1.86ٗ  8.44-مغٌ ٗثٍِ 

 ٍقبسّخ ثبىقٌٍ اىزشثٌ٘خ ىنو ٍِ األثقبس ٗاألثبء.

إلّزبط اىيجِ ط٘ه اىحٍبح، ألٌبً اىحيت ط٘ه اىحٍبح حسجذ قٌٍ ٍعبٍالد اعزَبد اىقٌٍ اىزشثٌ٘خ ىألثبء عيً اىسْ٘اد ٗمبّذ غٍش ٍعٌْ٘خ ٍ٘عجخ  

 ىنو. ٗىٌ ٌ٘عذ ارغبح ٗساصً ٍحذد ثبىْسجخ ىَز٘سظ إّزبط اىيجِ اىًٍٍ٘ ط٘ه اىحٍبحفً حٍِ مبّذ سبىجخ رقزشة ٍِ اىصفش عذد ٍ٘اسٌ اىحيٍت ٗى

 ٗرىل ىغٍبة االّزخبة اىفعبه ىألثبء. اىصفبد

ٍِ خاله االّزخبة  جحشأّٔ ٌَنِ رحسٍِ صفبد ط٘ه اىحٍبح اإلّزبعٍخ ىقطٍع أثقبس اىفشٌضٌبُ ٍ٘ضع اىثصفخ عبٍخ ٘ضح ّزبئظ ٕزا اىجحش ر 

 ٗر٘فٍش ّظٌ اىشعبٌخ اىَْبسجخ ٗاىظشٗف اىجٍئٍخ اىَالئَخ. 
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SUMMARY 

 

 (Co)variance components were estimated for retained placenta (RP) and stillbirth (SB) for a Friesian herd 

to study the (co)variance structures of these traits in the first three lactations.  Genetic parameters and 

predicted breeding values (BV) were also estimated.  (Co)variance components and estimated genetic 

parameters were derived from 3336 calving records of a Friesian herd raised at Sakha experimental farm 

belonging to Animal Production Research Institute (APRI) in Egypt. 

 Retained placenta and SB traits were treated as different and correlated traits for the first three lactations 

using threshold multiple trait models.  A sire-maternal grand sire (MGS) model for SB was applied in order to 

account for direct and maternal effects of this trait and including the relationships among direct and maternal 

effects, while a sire model was fitted for RP.   

 Genetic and phenotypic variances of RP had an increasing trend through the first three lactations.  Also, 

covariances among lactations had the same increasing trend.  Heritability estimates were 0.23, 0.28 and 0.31 

for the first three lactations, respectively.  Genetic correlations were 0.56, 0.57 and 0.67 between first and 

second, first and third and second and third lactations, respectively.  Means of BV estimates for RP in the first 

three lactations were almost zero with negative signs, while rank correlation of BV estimates among lactations 

were 0.69, 0.68 and 0.56, respectively.  

 Direct genetic variance components of SB had an increasing trend from the first to the third lactations.  Rate 

of increase of variance was higher (27%) between second and third lactations.  Maternal genetic variance 

components were higher than the direct components.  Direct genetic variance of heifers was lower than that of 

cows in the second and third lactations while maternal genetic variance was higher than of cows in the same 

lactations.  All genetic covariances between direct and maternal effects were favourable, positiv e and the direct-

maternal genetic correlation estimates ranged from 0.20 to 0.75. 

 Direct heritability estimates of SB in the first three lactations were 0.28, 0.25 and 0.23, respectively while 

maternal heritability estimates were 0.39, 0.34 and 0.35, respectively. 

Direct genetic correlation estimates were 0.63, 0.42 and 0.71 between first and second, first and third and 

second and third lactations, respectively while maternal genetic correlation estimates were 0.68, 0.36 and 0.46, 

respectively. 

 Means of BV estimates of SB in the first three lactations were all negative and ranged from -0.499 to -2.477 

for all direct and maternal sires and MGS.  Positive and from moderate to high rank correlation estimates were 

obtained between lactations BVs ranging from 0.24 to 0.97. 

 Moderate heritability estimates of RP and SB suggest that selection against these traits and a chance of 

genetic improvement in the herd are possible.  Multi-parity models utilized accounted for the (co)variance 

among the different lactations.  Also, the genetic correlation estimates between lactations within traits indicated 

that RP and SB are different traits through the first three lactations.  Rank correlations of direct evaluation of 

sires between lactations were significant and moderate which justify the importance of the multi-parity 

evaluation. 
 

Keywords: Functional traits, retained placenta, stillbirth, multi -parity model, (co)variance structure, genetic parameters, 

breeding values and Friesian 
 

INTRODUCTION 
 

 National breeding programs and evaluations are 

concerning with functional traits that reduce cost 

rather than increase income.   Retained placenta (RP) 

and stillbirth (SB) are of among the most frequent 

functional traits in dairy cattle.  Eaglen et al. (2013) 

reported that national breeding indices are concerning 

with including functional traits.  As a fertility-related 

trait, RP can decrease cow fertility and increase 

calving interval which are of economic importance, 

Hauggard and Heringstad (2015). 

 Koeck et al. (2014) confirmed that selection 

against RP and other fertility-related traits will result 

in improvement of fertility.  Hossein-Zadeh (2011) 

stated that breeding programs shifted focus from 

selection of production traits to functional traits in 

dairy cows.  Stillbirth is one of the traits that is 

included regularly in the national genetic evaluations, 

Wiggans et al. (2008), Eaglen et al. (2011) and Liu et 
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al. (2012).  A national genetic evaluation for SB 

using sire-maternal grandsire (S-MGS) model was 

applied in 2006 in the USA and the required genetic 

parameters were estimated, (Cole et al. 2007a).  

 Haugaard and Heringstad (2015) reported that as 

some of the fertility-related traits increase in 

frequency in the later lactations, it may be 

advantageous to use multiple lactations in the genetic 

evaluation process.  Heringstad et al. (2005) reported 

that RP genetically is not the same trait across the 

first three lactations.  Philipson and Steinbock, 

(2003) reported that SB is genetically different 

among different lactations.  Wiggans et al. (2008) 

reported that evaluation for SB by parity should 

increase evaluation accuracy.  Liu et al. (2012) 

developed a multi-parity calving animal model with 

correlated direct and maternal effects for the genetic 

and genomic evaluation of SB and other calving 

traits.  The authors treated the first three lactations as 

genetically distinct traits in this new calving model. 

 Eaglen et al. (2012) concluded that threshold 

models can be more appropriate for the analysis of 

categorical traits.  Steinbock et al., (2003), Hansen et 

al. (2004) and Swalve et al. (2006) reported that 

threshold models exhibit considerable more genetic 

variation.  

 The sire-MGS model provides evaluations that 

include both direct (sire) and maternal SB effects and 

adjusts sire effects for differences in the maternal SB 

ability of their mates, (Cole et al., 2007b).  Eaglen et 

al. (2012) demonstrated that the Sire-MGS model is 

the most appropriate model for the estimation of 

genetic parameters for calving traits and yield sire 

and maternal grandsire (co)variances.  Eaglen et al. 

(2013) recommended including sire of calf effect so 

that maternal effects can be separated from direct 

effect.   

 The main objectives of this research were to 

estimate variance and covariance components of RP 

and SB to study the (co)variance structures in the 

first three lactations, to estimate their genetic 

parameters for the first three lactations and to 

estimate the breeding values and rank correlation 

among sires and MGS in the first three lactations of a 

Friesian herd in Egypt. 

 

MATERIALS AND METHODS 
 

Data: 

 This research concerned only with the first three 

lactation records that collected from a Friesian herd 

located in Sakha Experimental Station, which 

belongs to the Animal Production Research Institute 

(APRI), Egypt.  The herd was first imported from the 

Netherlands in 1959 as 948 pregnant heifers and 19 

bulls.  A total of 3336 records were collected from 

1112 cows, daughters of 176 sires, 752 dams and 89 

maternal grandsires along 38 years.  Cows were 

artificially inseminated with tested bulls.  

Information about pedigree, calving and fertility 

traits, service sire, age of cows and calving dates 

were included in the data set. Traits studied were 

retained placenta and stillbirth as two of the most 

frequent functional traits.  The traits were defined as 

binary traits (0 and 1).  Months of calving were 

grouped in two seasons as from December to April is 

season 1 and from May to November is season 2.  

Age at first calving was restricted to be not younger 

than 23.5 month.  Sex of calf was defined as two 

levels (male and female calves).  The data structure 

and incidences of retained placenta (RP) and stillbirth 

(SB) are presented in table 1.  

 

 

Table 1.  Data structure and incidence of RP and SB in the first three lactations of Friesian cows 

 Lactation 1 Lactation 2 Lactation 3 

RP %  7.0 6.6 8.9 

SB %  7.4 3.7 1.6 

Age at calving, month 32.8 49.1 64.5 

No. of cows for RP trait 1063 807 563 

No. of sires of cows 160 144 129 

No. of sires of calves 

No. of maternal grandsires (MGS) 

167 

176 

153 

174 

141 

162 
 

Herd: 

 The experimental animals were kept under the 

routine feeding and managerial system applied in 

Sakha experimental farm.  Cows were kept in loose 

open yards with about 65% of the area shaded by 

roofs of 3.7 meter height.  Cows were observed for 

mounting activity, vulvar mucous discharge, 

restlessness and other clinical signs of heat.  Cows 

were inseminated artificially using frozen semen 

locally prepared in the International Livestock 

Management Training Center at Sakha.  According to 

the farm routine, it was not allowed to inseminate a 

cow earlier than forty days after calving.  Daily 

allowances of feed were offered in amounts to cover 

the animal requirements according to their milk 

production, body weight and the reproductive status 

recommended by APRI. 
 

Statistical models and analyses: 

 Variance and covariance components and genetic 

parameters were estimated for both of RP and SB in 

the first three lactations using the following models: 
 

Sire model for RP: 

 Retained placenta was analyzed for the 3 

lactations as multi-parity correlated traits in a 3-trait 

threshold sire model. The model included the 

systematic effects of age at calving (in months), year 

of calving (38 levels), season of calving (2 levels) 

and sex of calf (2 levels) and the random additive 

genetic sire effect, and random residual effect which 
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was set equal to 1 in the analysis as it is a customize 

for threshold models.  Variance components, genetic 

parameters and breeding values were obtained from 

the following sire model: 

 y = Xβ + Zss + e 

Where, 

y is the vector of observations of the traits; 

X  is the incidence matrix relating the observations to 

their respective non-genetic fixed effects; 

β is the vector of an overall mean and non-genetic 

fixed effects in the model with association matrix 

X;       

Zs is the incidence matrix for random effects of sire; 

s is the vector of random sire genetic effects with 

the association matrix Zs; 

e is the vector of  the random errors, NID (0, σ
2

eI ). 
 

Sire-maternal grandsire model for SB: 

The SB trait was considered as a calf trait.   To allow 

the separation of direct and maternal genetic effects, 

a random sire of the calf effect was included in a 3-

trait threshold sire-maternal grandsire threshold 

model.  The systematic effects included were the 

same as of RP analysis  and the random additive 

genetic sire of calf effect, random additive genetic 

maternal grandsire effect and random residual effect.  

Covariance between MGS and sire of calf effects was 

not neglected.  The residual variances of each of the 

categorical traits were set equal to 1.   The applied 

sire-MGS model was: 

 y = Xβ + Zss + Zmgsmgs + e 

Where, 

y is the vector of observations of the traits; 

X  is the incidence matrix relating the observations to 

their respective non-genetic fixed effects; 

β is the vector of an overall mean and non-genetic 

fixed effects in the model with association matrix 

X;       

Zs is the incidence matrix for random effects of sire; 

s is the vector of random sire of calf genetic effects 

with the association matrix Zs; 

Zmgs is the incidence matrix for random effects of 

mgs; 

mgs  is the vector of random mgs genetic effects 

with the association matrix Zmgs; 

e is the vector of  the random errors, NID (0, σ
2

eI ). 
 

 The analyses of RP and SB were performed using 

the Multiple Trait Gibbs Sampling for Animal 

Models (MTGSAM) program of Van Tassel and Van 

Vleck (2001) for estimation of variances and 

covariances by means of Bayesian methods. A Gibbs 

sampling chain length of 250000 rounds was run with 

burn in 50000 rounds.  The convergence criterion 

used was that the change in the Log-likelihood of the 

function in successive iterations was less than 10
_9

.  

Genetic parameters were computed from the 

posterior mean of variance and covariance 

components obtained with the MTGSAM Package. 

The standard deviation of heritability estimates and 

genetic correlations was estimated from the solutions 

obtained in the iterative process (4000 solutions) 

using SAS (2009) package. 
 

Breeding values and ranking of bulls: 

 Predicted breeding values were obtained from the 

previous models applied.  Means of estimates were 

calculated and rank correlations were executed 

among the resulted breeding values for sires and 

MGS using Spearman rank correlation, SAS (2009) 

package.    
 

RESULTS AND DISCUSSION 
 

Genetic, environmental and phenotypic 

(co)variance structures for RP: 

 An increasing trend for RP genetic variance 

components have been found from the first lactation 

to the third, table 2.  Rate of increase in the genetic 

variance components among the first three lactations 

were 30% from the first to the second lactation (0.30 

to 0.39), and 15% from the second to the third 

lactation (0.39 to 0.45), respectively.  In general, the 

genetic variance increased by 50% from the first to 

the third lactation suggesting greater changes in 

heifers while growing to the third lactation.  An 

increasing trend of the genetic variance was reported 

from the first to the second lactation by Lin et al. 

(1989) on Holstein cows with a different method of 

estimation. 

 As shown in table 2, the genetic covariance 

among the three lactations were the highest (0.29) 

between the second and the third lactations and 

lowest (0.19), between the first and the second 

lactations which may suggest that cows in the second 

lactation, are genetically more close to the later 

lactation rather than to the early lactation.  

Covariance also had an increasing trend which will 

affect the genetic correlation between lactations.  

 

 

Table 2.  Genetic, environmental and phenotypic (co)variance components for RP in the first three 

lactations  

Lactations Genetic Environmental Phenotypic 

Lactation 1, variance 0.30 1.0 1.30 

Lactation 2, variance 0.39 1.0 1.39 

Lactation 3, variance 

 

0.45 1.0 1.45 

Lactation 1,2 covariance 0.19 0.11 0.30 

Lactation 1,3 covariance 0.22 0.10 0.32 

Lactation 2,3 covariance 0.29 0.53 0.82 

 The environmental variance in the three lactations 

were set equal to 1, table 2. The threshold and the 

residual variance are not identifiable in binary data 

analysis, so the residual variance is set to 1 to receive 
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solutions as customary with threshold models, (Cole 

et al., 2007 b).  Different methods and models of 

estimation affect the resulted estimates; Lin et al. 

(1989) reported 0.04 and 0.07 environmental 

variance components for the first and second 

lactations using mixed sire model.  The 

environmental covariance was the highest between 

the second and the third lactation, (0.53) whereas, the 

covariance including the first lactation were the 

lowest. 

 The phenotypic variance increased from the first 

to the third lactations, table 2.  The phenotypic 

variance and covariance had the same trend of 

increasing as the genetic’s.  The highest phenotypic 

covariance component (0.82) was between the second 

and third lactations and the lowest was between the 

first and the second lactation (0.30).  The fluctuations 

of incidence of RP from 7.0% to 8.9% in the third 

lactation could affect the phenotypic (co)variance.  

Abdelharith and Genena (2017) reported 2.11 for 

phenotypic variance component of RP for all 

lactations on a different data set on the same Friesian 

herd under this study using a threshold animal model.  

 Table 3 shows heritability estimates and genetic 

correlations of RP in the first three lactations.  

Estimates of heritability increased from 0.23 in the 

first lactation to 0.31 in the third lactation in an 

increasing trend.  These estimates are higher than 

(0.08) reported by Heringstad et al. (2005) for each 

of the first three lactations that were estimated on 

Norwegian Red cows.  Many studies reported 

increasing trend of heritability estimates; (0.06, 0.07 

and 0.08) reported by Haugaard and Heringstad 

(2015) for the first three lactations, respectively; 0.14 

and 0.28 reported by Amin et al. (2000) for the first 

and the second lactation respectively; 0.05 and 0.09 

estimated by Lin et al. (1989) for first and second 

lactation, respectively.  The resulted estimates of 

heritability were also higher than the 0.06 estimated 

by Heringstad (2010) for first parity, (0.14 and 0.07) 

of Schnitzenlehner et al. (1998) for the first and 

second parity, respectively and the reported estimate 

(0.02) of Koeck et al. (2014) for the first parity on 

Canadian Holstein.  Abdelharith and Genena (2017) 

reported 0.23 and 0.26 heritability estimates for RP 

of all lactations using threshold animal model on the 

same Friesian herd under this study.  The increasing 

trend of the genetic variance produced this trend of 

heritability estimates. 

 
 

Table 3. Heritability estimates (h
2
), genetic (rG), environmental (rE) and phenotypic (rP) correlations and 

environmental and phenotypic proportions (Prop) for RP in the first three lactations 

Lactations h
2
 Environmental Prop. Phenotypic Prop. 

Lactation 1 0.23 ± 0.13 0.77 ± 0.13 1.0 

Lactation 2 0.28 ± 0.12 0.72 ± 0.12 1.0 

Lactation 3 0.31 ± 0.14 0.69 ± 0.14 1.0 

 rG  rE rP 

Lactation 1,2 0.56 ± 0.42 0.11 ± 0.04 0.22 

Lactation 1,3 0.57 ± 0.52 0.10 ± 0.04 0.23 

Lactation 2,3 0.67 ± 0.32 0.53 ± 0.03 0.58 

 

 Genetic correlation (rG) estimates across 

lactations were positive and moderate, ranging from 

0.56 to 0.67, table 3.  The strongest genetic 

correlation was between the second and the third 

lactation, (0.67).  These estimates suggest that RP are 

not possibly the same trait across  the first three 

lactations.  

 Comparable ranges of rG among the three 

lactations were reported by Heringstad et al. (2005).   

Reported estimates were 0.55 between first and 

second lactation, 0.59 between first and third 

lactation and 0.65 between second and third lactation, 

indicating that the strongest rG were between the 

second and third lactations.  Higher estimates of rG 

were reported by Haugaard and Heringstad (2015) on 

the first 5 lactations.  The authors reported rG of 0.69 

between first and second, 0.60 between first and third 

and 0.92 between second and third lactation, 

respectively. Also, Schnitzenlenhner et al. (1998) 

reported rG of 0.79 between first and second 

lactations.  

 Environmental proportion had a decreasing trend 

from the first, (0.77) to the third lactation, (0.69) and 

environmental correlation between the second and 

the third lactation was the highest (0.53), table 3. 

This finding indicates that environmental conditions 

affect the early lactations more than later.  Hauggard 

and Heringstad (2015) reported lower environmental 

correlations between lactations ranging from -0.05 to 

0.19.  Phenotypic correlations shown in table 3 

ranged from 0.22 to 0.58 and it was higher between 

the second and third lactations than between other 

lactations.  

 

Genetic, environmental and phenotypic 

(co)variance structures for Stillbirth: 

 Table 4 shows an increasing trend of the direct 

genetic variance (from 6.87 to 9.09) across the three 

lactations, while the maternal variance component 

decreased from the first to the second lactation.  

Direct genetic variance increased by 4% from the 

first to the second lactation (6.87 to 7.14) while 

increased by 27% from the second to the third 

lactation.  Maternal genetic variance decreases by 

13% from the first to the second lactation (9.82 to 

8.56) while increased by 3% from the second to the 

third lactation.   
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Table 4.  Direct and maternal genetic (co)variances among the first three lactations for  SB 

Lactation Direct Maternal 

Lactation 1 variance 6.87 9.82 

Lactation 2 variance 7.14 8.56 

Lactation 3 variance 9.09 8.82 

 

Lactation 1,2 covariance 4.41 10.29 

Lactation 1,3 covariance 3.31 6.44 

Lactation 2,3 covariance 5.77 8.54 
 

 The direct genetic components were lower than 

the maternal components. This finding was in 

agreement with Heringstad et al. (2007) findings in 

which the authors reported a direct genetic variance 

component of 0.079 and a maternal component of 

0.082 and with Cole et al. (2007b) where mean direct 

sire variance was 0.009 and the MGS variance was 

0.018.  Eaglen et al. (2012) comparing first vs second 

and third parities, reported 0.002 for direct genetic 

variance component in the first parity with 0.002 for 

the maternal component.   

 Direct and maternal covariance components 

between the first and second lactation was higher 

than that between first and the third lactation, table 

(4).  The highest direct genetic covariance component 

was between the second and third lactation, while the 

highest maternal covariance was between the first 

and second lactation. 
 

Table 5.  Direct and maternal heritability (h
2
) estimates and genetic correlations (rG) among the first 

three lactations for SB 

Lactation Direct Maternal 

Lactation 1 h
2
 0.28±0.05 0.39 ± 0.08 

Lactation 2 h
2
 0.25±0.05 0.34 ± 0.06 

Lactation 3 h
2
 0.23±0.05 0.35 ± 0.06 

 

rG 1,2 0.63±0.06 0.68 ± 0.05 

rG1,3 0.42±0.08 0.36 ± 0.07 

rG2,3 0.71±0.08 0.46 ± 0.07 
 

 The additive genetic variance due to direct effects 

was smaller than that due to maternal effects and 

direct heritability estimates were also smaller than 

those of maternal heritability. Direct heritability 

estimates, table 5 were 0.28, 0.25 and 0.23 for the 

first three lactations, respectively, taking a decreasing 

trend.  This trend is in agreement with Swalve et al., 

(2006) who reported higher h
2
 estimate of maternal 

effect than the direct h
2
 (0.29 vs. 0.147) for first 

parity Holstein data with sire-MGS model, and also 

with Eaglen et al. (2012) for first parity estimates 

(0.024 vs. 0.016).  Higher estimates for maternal 

effect are in agreement also with Heringstad et al. 

(2007), (0.08 and 0.07), Hansen et al. (2004), (0.12 

and 0.10).  Wiggans et al., (2008) on Holstein cattle, 

reported lower direct sire heritability estimates than 

MGS heritability estimates in both first and later 

parities.  Liu et al. (2012) reported decreasing trend 

of heritability estimates for the first three lactations, 

(0.027, 0.008 and 0.006) for direct h
2
 estimates and 

(0.054, 0.006 and 0.005) for maternal h
2
 estimates.  

Abdelharith and Genena, (2017) reported heritability 

estimates for SB from 0.18 to 0.32 using different 

models on the same Friesian herd under this study.   

 Direct genetic correlation estimates (rG) between 

lactations are shown in table 5. The direct estimate 

between the second and the third lactation (0.71) was 

the highest, while the highest maternal genetic 

correlation was between the first and second 

lactation, (0.68). All estimates of rG were positive, 

moderate and were in range of estimates reported by 

Liu et al. (2012).  Hossein-Zadeh (2011) reported 

smaller rG estimates on Iranian Holstein, (0.08 and 

.12) for in between first and third and between 

second and third lactations, respectively.  From the 

resulted direct and maternal heritability estimates and 

genetic correlations, it can be determined that genetic 

improvement could be achieved and also that SB is 

not the same trait in the first three lactations. 

 Regarding the direct-maternal relationships, the 

results show that all genetic covariance components 

between direct and maternal effects were all positive, 

and direct-maternal genetic correlation estimates 

among them (results not shown in tables) ranging 

from 0.20 to 0.75. These positive genetic correlations 

suggest that selecting sires against occurrence of 

stillbirth will be in the same direction of his 

daughters which will help in the selection process 

and in the breeding programs.  The positive genetic 

correlations could be expected because a part of the 

direct effect of bulls is also a part of the MGS effect.  

The genetic correlation between direct and maternal 

effects were larger than those negative small 

estimates reported by Swalve et al. (2006), (-0.46), 

Heringstad et al. (2007), (-0.02) in Norwegian Red 

cows and Liu et al., (2012) on German Holstein.  

Cole et al. (2007b) and Eaglen et al., (2012) reported 

positive moderate rG estimates between direct and 

maternal effects, (0.33 and 0.567), respectively.  

 Table 6 shows the proportions of the 

environmental variances and correlations. A very 

small proportion of variances ranging from 0.03 to 

0.04 were obtained. High environmental correlations 

among the three lactations were found ranging from 
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0.86 to 0.89.  These positive estimates are higher than 

those estimated by Liu et al., (2012), (0.02, 0.01 and 

0.02) for in between first and second, first and third 

and second and third lactation, respectively. 

 
 

Table 6. Environmental (Env.) and phenotypic (Pheno.) (co)variances, their proportions (Prop.) and 

correlations (rE , rP) for SB in the first three lactations 

Lactation Env. Var. Env. Prop. Pheno. Var. Pheno. Prop. 

Lactation 1 1.0 0.04 ± 0.01 25.19 1.0 

Lactation 2 1.0 0.03 ± 0.00 29.02 1.0 

Lactation 3 1.0 0.03 ± 0.00 39.65 1.0 

 Env. Cov. rE Pheno. Cov. rP 

Lactation 1,2 0.87 0.87 ± 0.00 21.25 0.79 

Lactation 1,3 0.86 0.86 ± 0.00 16.29 0.52 

Lactation 2,3 0.89 0.89 ± 0.01 21.28 0.63 
 

 Phenotypic variance of SB had an increasing 

trend from the first to the third lactation, table 6.  

This increase could be referred to changes in herd 

management and other environmental and nutrition 

conditions.  Phenotypic covariance between the 

second and third lactation (21.28) was the highest 

covariance component.  Eaglen et al., (2012) reported 

a lower phenotypic component of 0.096 for the first 

lactation.  Phenotypic correlations, (table 6) were 

higher between first and second lactation (0.79) than 

those between other lactations.  As shown from the 

estimated correlations, the environmental correlations 

were higher than the direct and maternal genetic 

correlations. 

Breeding values and rank correlations: 

 Table 7 shows means of predicted breeding value 

estimates for RP sires in the first three lactations.  All 

means of estimates were near zero with negative 

sign. Range of estimates in the first lactation 

evaluation was between -0.477 and 0.558 and range 

of estimates for the second lactation was between -

0.148 and 0.595.  Estimates of the third lactation 

ranged between -0.789 and 1.397.  High standard 

deviation estimates in the three lactations explain that 

there is lack of variation between estimates. 

 

 

Table 7.  Breeding value means of sires and standard deviation (Std) for RP 

Lactation N Minimum Maximum Mean(Std) 

1 141 -0.477 0.558 -0.002 (0.15) 

2 141 -0.148 0.595 -0.001(0.16) 

3 141 -0.789 1.397 -0.005(0.29) 
 

 From the means showed in table 7, it can be 

revealed that no deterioration for RP trait in the herd.  

Rank correlation was applied for sires utilized in the 

RP analysis, table 8.  All correlation coefficients 

were positive and moderate. 

 
 

Table 8. Rank correlation coefficients among the BVs of RP Sires in the first three lactations.  

Lactations N RP breeding values rank correlation * 

1,2 141 0.69 (0.0001) 

1,3 141 0.68 (0.0001) 

2,3 141 0.56 (.0001) 
*Level of significance in brackets 
 

 The correlation between the first and the second 

lactation was significantly correlated with 0.69, and 

the lowest correlation estimate was between the 

second and the third lactation, 0.56.  Significant 

estimates of rank correlation might suggest that some 

sires differ in ranking from one lactation to another 

which require multiple evaluation.  

 As shown in table 9, all means of predicted 

breeding value estimates of direct and maternal SB 

evaluations are   negative.  Estimates of sires’ 

breeding values ranged from -1.083 to -0.995 in the 

direct evaluation and ranged from -1.155 to -0.900 in 

the maternal evaluation.  The direct evaluation 

estimates of MGS ranged from -1.444 to -0.499 and 

the maternal evaluation from -2.477 to -0.971.  The 

negative estimates suggest that good practices for SB 

in the herd are followed properly. 

 

 

 

Table 9.  Breeding value means and standard deviations (in brackets) of sires and MGS for SB in both 

direct and maternal evaluations 

Lactation Sires MGS 

 N Direct Maternal N Direct Maternal 

1 125 -0.995(2.24) -0.982(2.65) 147 -0.499(1.22) -2.477(2.78) 

2 125 -1.030(2.28) -1.155(2.34) 147 -1.020(1.22) -1.871(3.33) 

3 125 -1.083(2.67) -0.900(2.39) 147 -1.444(1.88) -0.971(4.46) 
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 Table 10 shows the rank correlation coefficients 

among the three lactation’ estimates for both sires 

and MGS.  For the sires, the rank correlation of the 

maternal evaluation was higher than the direct 

evaluation ranging from 0.81 to 0.93.  On the 

contrary, for MGS, the rank correlation in the direct 

evaluation was higher than those of the maternal 

evaluation.  Significant differences in ranking of sires 

indicate the importance of utilizing multiple 

evaluation of sires in different lactations.  

 

 

Table 10.  Rank correlation coefficients among the BVs of SB for sires and MGS  in the first three 

lactations. 

Lactations SB 

Direct 

Evaluation 

SB 

Maternal 

Evaluation 

SB 

Direct 

Evaluation 

SB 

Maternal 

Evaluation 

Sires  (N=125) MGS (N=147) 

1,2 0.55 (0.0001) 0.81 (0.0001) 0.59 (0.0001) 0.49 (0.0001) 

1,3 0.24 (0.01) 0.93 (0.0001) 0.55 (0.0001) 0.26 (0.0001) 

2,3 0.62 (0.0001) 0.86 (0.0001) 0.97 (0.0001) 0.41 (0.001) 
*Level of significance between brackets 

  

CONCLUSIONS 

 

 Estimates of genetic, environmental and 

phenotypic (co)variance structures for RP and SB in 

the first three lactations could be obtained.  The 

utilized multi-parity analysis could be followed for 

RP and SB traits as it accounted for the variations 

among the lactations and should increase the 

evaluation accuracy since the genetic correlations 

between lactations are less than one for both traits .  

Moderate heritability estimates For RP and SB with 

the frequency of incidence make the selection against 

these traits and genetic improvement possible. 

Genetic correlation estimates indicate that RP and SB 

cannot be regarded as the same trait in the first three 

lactations.  Negative means of predicted breeding 

values for RP and SB indicate that these traits are not 

declining in the herd.  Significant differences in the 

ranking of sires among the first three lactations in 

both RP and SB indicate the importance of the multi-

parity evaluation of sires in different lactations. 
 

REFERENCES 
 

Abdelharith, Hanaa and Shereen K. Genena, 2017.   

Associations between functional traits and milk 

production in Friesian cattle using threshold and 

linear models.  Egyptian J. Anim. Prod., 2017 

54(1):9-16. 

Amin A.A, T. Gere and W.H. Kishk, 2000.  Additive 

genetic variance and covariance in some 

reproductive disorders in Hungarian Holstein 

Friesian using multi-trait animal model. Arch 

Tierz 43, 573-81. 

Cole J. B., Wiggans G. R. and P. M. VanRaden, 

2007a. Genetic evaluation of stillbirth in United 

States Holsteins using a sire-maternal grandsire 

threshold model.  J. Dairy Sci. 90:2480–2488 

Cole J. B., Wiggans G. R., VanRaden P. M. and R. 

H. Miller, 2007b. Stillbirth (co)variance 

components for a sire-maternal grandsire 

threshold model and development of a calving 

ability index for sire selection.  J. Dairy Sci. 

90:2489–2496. 

Eaglen S. A. E., Coffey M. P., Woolliams J. A. and 

E. Wall, 2013.  Direct and maternal genetic 

relationships between calving ease, gestation 

length, milk production, fertility, type, and 

lifespan of Holstein-Friesian primiparous cows.  

J. Dairy Sci. 96:4015–4025. 

Eaglen S.A.E., Coffey,M.P, Woolliams J. A. and E 

Wall1, 2012.  Evaluating alternate models to 

estimate genetic parameters of calving traits in 

United Kingdom Holstein-Friesian dairy cattle.  

Genetics Selection Evolution 2012, 44:23. 

Eaglen S.A.E., Coffey M.P., Woolliams J.A, Mrode 

R. and E. Wall, 2011.  Phenotypic effects of 

calving ease on the subsequent fertility and milk 

production of dam and calf in UK Hols tein-

Friesian heifers. J Dairy Sci. 2011, 11:5413–

5423. 

Hansen, M., M. S. Lund, Pedersen, J. and L. G. 

Christensen, 2004.  Genetic parameters for 

stillbirth in Danish Holstein cows using a 

Bayesian threshold model. J. Dairy Sci. 87:706–

716. 

Haugaard K. and B. Heringstad, 2015.  Short 

communication: Genetic parameters for fertility-

related disorders in Norwegian Red.  J. Dairy Sci. 

98:1321–1324. 

Heringstad B., Chang Y. M., Gianola D. and G. 

Klemetsdal, 2005.  Genetic analysis of clinical 

mastitis, milk fever, ketosis, and retained placenta 

in three lactations of Norwegian Red Cows.  J. 

Dairy Sci. 88:3273–3281. 

 Heringstad B., Chang Y. M., Svendsen M. and D. 

Gianola, 2007.  Genetic analysis of calving 

difficulty and stillbirth in Norwegian Red Cows.  

J. Dairy Sci. 90:3500–3507. 

Heringstad, B., 2010.  Genetic analysis of fertility-

related diseases and disorders in Norwegian Red 

cows.  J. Dairy Sci. 93:2751–2756.   

Hossein-Zadeh, N. G., 2011.  Estimation of genetic 

parameters and genetic change for stillbirth in 

Iranian Holstein cows: a comparison between 

linear and threshold models.  Agric. And Food 

Sci., 20:287-297. 



Hanaa Abdelharith 54 

Koeck A., Miglior F., Jamrozik J., Kelton D. F. and 

F. S. Schenkel, 2014.  Genetic relationships of 

fertility disorders with reproductive traits in 

Canadian Holsteins.  Proceedings, 10
th

 World 

Congress of Genetics Applied to Livestock 
Production.  

Lin HH. K, Oltenacu P. A. and L. Dale Van Vleck, 

1989.  Heritabilities of and genetic correlations 

among six health problems in Holstein cows . J. 

Dairy Sci. 72:180-186. 

Liu Z., Pasman E., Reinhardt F. and R. Reents, 2012.   

A multi-parity animal model for genetic 

evaluation of calving traits enhanced with 

genomic information.  INTERBULL BULLETIN 

NO. 46. Cork, Ireland, May 28 - 31, 2012. 

Philipsson, J. and L. Steinbock, 2003.  Definition of 

calving traits-Studies from Swedish research.  

Interbull Bulletin 30:71-74. 

SAS, I., 2009.  What’s New in SASs 9.2. Cary, SAS 

Institute Inc.,NC. 

Schnitzenlehner, S., A. Essel and J. Solkner, 1998. 

Retained placenta: Estimation of nongenetic 

effects, heritability and correlations to important 

traits in cattle. J. Anim. Breed. Genet. 115:467–

478. 

Steinbock, L., A. Na¨sholm, B. Berglund, Johansson, 

K. and J. Philipsson, 2003. Genetic effects on 

stillbirth and calving difficulty in Swedish 

Holsteins at first and second calving.  J. Dairy 

Sci. 86:2228–2235. 

Swalve H. H., Schafberg R. and F. Rosner, 2006.  

Genetic parameters for categories of stillbirth in 

dairy cattle.  8th World Congress on Genetics 

Applied to Livestock Production, August 13-18, 

2006, Belo Horizonte, MG, Brazil. 

Van Tassel, C.P. and L.D.Van Vleck, 2001. A 

manual for use of MTGSAM. A set of fortran 

programs to apply Gibbs sampling to animal 

models for variance component estimation, last 

revised 2001, Department of Agriculture, Agri- 

cultural Research Service, Nebraska, USA. 

Wiggans G. R., Cole J. B. and L. L. M. Thornton, 

2008.  Multiparity evaluation of calving ease and 

stillbirth with separate genetic effects by parity.  

J. Dairy Sci.:91:3173–3178.  

 

 

خذام ًوارج صلويت بٌاء التغاير والوقاييش الىراثيت لصفاث احتباس الوشيوت و الىالدة الٌافقت لقطيع هي الفريزياى باصت

 هتعذدة الوىاصن
 

  هٌاء عبذالحارث
 

 هصر الجيزة،هعهذ بحىث اإلًتاج الحيىاًي،  هركز البحىث الزراعيت،  الذقي، 

 

صفاخ فٙ ذى ذقذٚش يكَٕاخ انرثاٍٚ ٔ انرغاٚش نصفاخ احرثاط انًشًٛح ٔ انٕالدج انُافقح نقطٛع يٍ انفشٚضٚاٌ ٔ رنك نذساعح تُاء انرغاٚش نٓزِ ان 

ضٚاٌ انًُشأ تًحطح تحٕز عخا عجال نقطٛع انفشٚ 3333انًٕاعى انصالشح األٔنٗ.  ذى أٚضا ذقذٚش انًقاٚٛظ انٕساشٛح ٔ انقٛى انرشتٕٚح ٔرنك تاعرخذاو 

 انراتعح نًعٓذ تحٕز اإلَراض انحٕٛاَٙ تًصش.

غهًٙ ذى يعايهح صفاخ احرثاط انًشًٛح ٔ انٕالدج انُافقح فٙ انصالشح يٕاعى األٔنٗ كصفاخ يخرهفح ٔ يشذثطح ٔ رنك تاعرخذاو ًَٕرض انطهٕقح ان 

انجذ ٔرنك نألخز فٙ اإلعرثاس انرأشٛشاخ انٕساشٛح -فقح فقذ ذى اعرخذاو ًَٕرض انطهٕقحيرعذد انصفاخ نصفح احرثاط انًشًٛح.  أيا نصفح انٕالدج انُا

 انًثاششج ٔاأليٕٚح نٓزِ انصفح ٔ إلدخال انعالقاخ تٍٛ ذأشٛشاخ األب ٔانجذ.

اٚشاخ أٚضا تٍٛ انًٕاعى انصالشح اذخزخ انرثاُٚاخ انٕساشٛح ٔانًظٓشٚح نصفح احرثاط انًشًٛح اذجاْا ذضاٚذٚا خالل انًٕاعى انصالشح األٔنٗ.  انرغ 

،  3..3نهًٕاعى انصالشح األٔنٗ عهٗ انرٕانٙ. ٔكاَد قٛى اإلسذثاط انٕساشٙ  3.30،  0..3،  3..3اذخزخ َفظ اإلذجاِ.  كاَد قٛى انًكافئ انٕساشٙ 

ح نًرٕعطاخ انقٛى انرشتٕٚح نصفح احرثاط انًشًٛح تٍٛ انًٕعى األٔل ٔانصاَٙ ، األٔل ٔانصانس ٔ انصاَٙ ٔانصانس عهٗ انرٕانٙ.  ٔتانُغث 3.30،  0..3

( عهٗ انرٕانٙ. ٔتانُغثح إلسذثاط انشذة .3.33-،  3.330-،  .3.33-فٙ انصالشح يٕاعى كاَد جًٛعٓا راخ قًٛح ذقرشب يٍ صفش ٔاشاسج عانثح ) 

 عهٗ انرٕانٙ. 3..3ٔ  3.30،  3.30نهقٛى انرشتٕٚح نهطالئق تٍٛ انًٕاعى فكاَد 

% يٍ 0.َٕاخ انرثاٍٚ انٕساشٙ انًثاشش نصفح انٕالدج انُافقح اذجاِ ذضاٚذ٘ يٍ انًٕعى األٔل نهصانس.  ٔكاٌ يعذل انضٚادج فٙ انرثاٍٚ اذخزخ يك 

أقم ل يٕعى انًٕعى انصاَٙ نهصانس.  كاَد يكَٕاخ انرثاٍٚ انٕساشٙ األيٕ٘ أكثش يٍ يكَٕاخ انرثاٍٚ انًثاشش.  كاٌ يكٌٕ انرثاٍٚ انًثاشش نعجالخ أٔ

ٙ ٔانصانس.  يٍ انًكٌٕ فٙ اتقاس انًٕعًٍٛ انصاَٙ ٔ انصانس تًُٛا يكٌٕ انرثاٍٚ األيٕ٘ نعجالخ أٔل يٕعى أعهٗ يٍ انًكٌٕ فٙ اٌتقاس انًٕعًٍٛ انصاَ

 ..3.0إنٗ  3..3كاَد كم يكَٕاخ انرغاٚش تٍٛ انرأشٛش انًثاشش ٔاأليٕ٘ يٕجثح ٔ ذشٔاحد قٛى اإلسذثاط انٕساشٙ تًُٛٓا يٍ 

عهٗ انرٕانٙ تًُٛا كاَد قٛى انًكافئ انٕساشٙ  3..3ٔ  ...3،  0..3د قٛى انًكافئ انٕساشٙ انًثاششج نصفح انٕالدج انُافقح نهًٕاعى انصالشح األٔنٗ كاَ

 عهٗ انرٕانٙ. .3.3ٔ  3.30،  3.30األيٕ٘ 

األٔل ٔانصانس ٔ انصاَٙ ٔانصانس عهٗ انرٕانٙ تًُٛا قٛى  تٍٛ انًٕعى األٔل ٔانصاَٙ ، 3.00ٔ  .3.0،  3.33كاَد قٛى اإلسذثاط انٕساشٙ انًثاشش  

 عهٗ َفظ انرٕانٙ. 3.03ٔ  3.33،  3.30اإلسذثاط انٕساشٙ األيٕ٘ 

 نهرأشٛشاخ انًثاششج ٔاأليٕٚح. 000..-ٔ  3.000-كاَد كم انقٛى انرشتٕٚح نهطالئق ٔ نهجذ فٙ انًٕاعى انصالشح األٔنٗ عانثح ٔ ذشأحد تٍٛ  

 .3.00إنٗ  0..3اط انشذة نهقٛى انرشتٕٚح نهطالئق ٔانجذٔد يٕجثح ٔ يعرذنح إنٗ يشذفعح ٔذشأحد تٍٛ كاَد قٛى إسذث

حغٍٛ ٔتُاء عهٗ قٛى انًكافئ انٕساشٙ انُاذجح نصفاخ احرثاط انًشًٛح ٔ انٕالدج انُافقح فئَّ ًٚكٍ اإلَرخاب ضذ ْزِ انصفاخ يًا قذ ٚؤد٘ نهر 

انًُٕرض انًرعذد انًٕاعى إنٗ األخز فٙ االعرثاس ذثاُٚاخ انصفاخ ٔ كزنك انرغاٚشاخ تٍٛ انًٕاعى داخم كم صفح.   انٕساشٙ نهقطٛع.  ٔقذ أدٖ اعرخذاو

الئق فٙ ٔأظٓشخ قٛى االسذثاط انٕساشٙ تٍٛ انًٕاعى نكم صفح أٌ ْزِ انصفاخ يخرهفح ٔساشٛا خالل انًٕاعى انصالز األٔنٗ.  كاٌ إسذثاط انشذة نهط

 رذل ٔ يعُٕ٘ يًا ٚعضص فائذج انًُٕرض انًرعذد انًٕاعى عُذ ذقٛٛى ْزِ انصفاخ. انرقٛٛى انًثاشش يع
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SUMMARY 

 

 Longevity and lifetime traits are favorable traits that affect overall profitability. The objectives of this study 

were to investigate the genetic and phenotypic relationships between first lactation traits and some longevity 

and lifetime traits in Friesian cattle, estimate genetic and phenotypic parameters for the same traits and 

estimate breeding values.  

 Data utilized included 2940 pedigree and performance records of Friesian cows born between 1980 and 

2001 in Sakha and Alkarada Experimental Stations, Ministry of Agriculture and land reclamation (MOALR).  

The performance records covered the period from 1982 to 2008 for 853 cows, which had the opportunity to 

complete five productive years starting with the date of first calving.  They were daughters of 104 sires and 689 

dams.   

 Longevity and lifetime traits studied were total completed lactations (TCL), herd life (HL), productive life 

(PL), total lifetime 305-day milk  yield (TL305MY), total lifetime milk yield (TLMY) and total lactation length in 

days (TLL).  First 305-day milk yield (F305MY), first milk yield (FTMY) and first lactation length (FLL) were 

included in the analyses as first lactation traits. 

 Relationships between first lactation traits and each of longevity and lifetime traits were investigated.  Fixed 

models have been applied to investigate the effects of non-genetic factors on the studied traits.  Least squares 

means of the traits were 3.5, 99.1, 67.2, 8750.8 kg, 9888.7 kg, 1091.3 and 2358.4 kg for TCL, HL, PL, 

TL305MY, TLMY, TLL, and F305MY, respectively.  Heritability estimates obtained from multiple-trait animal 

model analyses for the same traits were 0.03, 0.21, 0.20, 0.22, 0.30, 0.18 and 0.13, respectively.   

 Positive genetic correlation estimates were obtained between F305MY and each of all the longevity and 

lifetime traits (TL305MY, TLMY, TLL, TCL, HL and PL) being 0.46, 0.35, 0.49, 0.29, 0.11 and 0.22, 

respectively.   

 Estimates of rank correlation between F305MY and each of TCL, HL, PL, TL305MY, TLMY and TLL were 

positive and highly significant (P<0.0001) being 0.28, 0.17, 0.13, 0.40, 0.49 and 0.39, respectively.   

 Results of this study suggest that selection for high F305MY is expected to increase lifetime milk production, 

length of herd life and productive life. Also, including PL in a breeding program could be efficient. 
 

Keywords: Longevity, lifetime, genetic parameters, breeding values and Friesian 
 

INTRODUCTION 
 

 The cow is expected to produce a live calf 

without assistance and efficiently produce milk of 

desirable composition.  Longevity reflects the ability 

of a cow to avoid being culled for low production, 

low fertility, or illness; (Vollema and Groen 1996).  

Also, longevity is a measure of the success of the 

cow to delay both voluntary and involuntary culling , 

(Ojango et al., 2005).  Additionally, longevity 

depends on production during each lactation, length 

of productive life, and calving interval, (Novotný et 

al., 2017).   

 Longevity and lifetime milk production are 

among the traits of primary interest for dairy cattle 

breeders.  The costs of rearing replacement cows 

represent a substantial part of the expenses in the 

dairy cattle production system.  Reducing the 

proportion of culled cows reduces replacement heifer 

rearing cost, (Sewalem et al., 2008 and Jenko et al., 

2015).  Longer productive life may increase profits 

by increasing herd production through an increase in 

proportion of cows in higher-producing age groups, 

(Martinez et al., 2004). 

 Strategies for improving profitability need to 

focus on extending the productive life of the cow and 

reducing the costs associated with infertility and high 

replacement rates.  Longevity traits generally are 

reported to be of low heritability estimates, therefore 

genetic improvement in longevity is difficult to 

achieve, (Tsuruta et al., 2005) 

 Although, lifetime milk production is one of the 

most important traits, direct selection for a high 

lifetime milk production is usually not applied in 

dairy cattle breeding programmes , (Jenko et al., 

2015).  Longevity and lifetime traits could be used in 

breeding programs if genetic parameters are known.  

Many countries include some measures of longevity 

in their national breeding objectives (VanRaden, 

2002).   

 The relationships among early lactations’ traits of 

moderate genetic correlations with longevity and 

lifetime traits have been considered for early 
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prediction and selection process , (Jairath et al., 1994 

and Upadhyay et al., 2015).    

 The objectives of this study were to investigate 

the genetic and phenotypic relationships between first 

lactation traits and some longevity and lifetime traits 

in Friesian cattle, estimate genetic and phenotypic 

parameters for the same traits and estimate breeding 

values.  
 

MATERIALS AND METHODS 
 

 Data utilized in this study were obtained from two 

Friesian herds raised at Sakha and Alkarada 

experimental farms, which belong to the Animal 

Production Research Ins titute (APRI), Ministry of 

Agriculture and land reclamation (MOALR).  Cows 

were fed mainly on berseem and rice straw. Also, 

cows were fed daily balanced ration and concentrates 

according to their production and weight.  Cows were 

artificially inseminated using frozen semen and were 

automatic milking twice a day.  
 

Data collection and editing: 

A total of 6995 records were collected for this 

study.  Only cows which had the opportunity to 

complete five productive years after the first calving 

date had been chosen, so data of those only born 

from 1980 to 2001 were collected.  The productive 

years started from 1982 and ended by 2008.  Cows 

with age at first calving less than 23.7 month or older 

than 42 month of age were excluded.  Also, cows 

must begin their five productive years starting with 

the first lactation date, meaning that cows started 

with the second lactation were deleted. Lactation 

length records less than 90 days or higher than 500 

days were deleted.  Cows sold for breeding reasons 

were excluded from the data set. A total of 2940 

records were remained presenting 853 cows, 

daughters of 104 sires and 689 dams.   
 

Calculation of lifetime and longevity traits: 

 A cumulative amount for the 305-day milk yield, 

total milk yield and lactation length were summed 

up.  Total number of completed lactations, productive 

life defined as the total number of months between 

first calving and disposal date and herd life which 

measured as the total number of months between 

birth and disposal date of the cow were calculated.  

Therefore, for each cow, there were first lactation 

traits; 305-day yield (F305MY), milk yield for the 

whole lactation (FTMY) and first lactation length 

(FLL). Lifetime and longevity traits  utilized were 

total milk yield (TLMY), total 305-days milk yield 

(TL305MY), total lactation length (TLL), total 

number of completed lactations (TCL), herd life (HL) 

and productive life (PL).  
 

Statistical Analyses: 

First lactation traits : 

The following model was applied to investigate 

the effects of fixed factors on the F305MY, FTMY 

and FLL traits:  

Yijkl =  + Hi + Rj + Sk + (HR)ij + (HS)ik + (RS)jk + 

(HRS)ijk + b  ijkl + eijkl 

         (Model I) 

   where, 

Yijkl  is the observation associated with the F305MY 

or FTMY or FLL, µ is the overall mean, Hi  is the 

fixed effect due to the i
th 

herd, i = 1,2, Rj is the fixed 

effect due to the j
th

 year of calving, j = 

1982,……,2004, Sk is the fixed effect due to the k
th

 

season of calving, k = 1, 2 for winter and summer, 

respectively, (HR)ij is the effect due to interaction 

between herd and year of calving, (HS)ik is the effect 

due to interaction between herd and season of 

calving, (RS)jk is the effect due to interaction 

between year and season of calving, (HRS)ijk  is the 

effect due to interaction between herd, year and 

season of calving, b is a partial linear regression 

coefficient of the trait on the age of cow at first 

calving,  ijkl is the deviation of age of cow at each 

record from the average age of cow, and eijkl  is an 

effect due to a random error associated with each 

observation assumed to be normally and 

independently distributed with zero mean and 

variance 
2

e.    

 
Lifetime and longevity traits: 

The following model was applied to investigate 

the fixed effects on the TL305MY, TLMY, TLL, 

TCL, HL and PL traits:  

Yijklm =  + Hi + Rj + Sk + (HR)ij + (HS)ik + (RS)jk + 

(HRS)ijk + b1 1ijkl +    b2 2ijkl ijkl    +b3  3ijkl  + eijklm   

         (Model II) 

   where, 

Yijklm   is the observation associated with the 

TL305MY, TLMY, TLL, TC,   HL and PL, µ is the 

overall mean, and the definitions of the rest of the 

terms are as those in model I except for: b1 is a partial 

linear regression coefficient of the trait on the 

F305MY, 1ijkl is the deviation of the cow record 

from the overall average of F305MY, b2 is a partial 

linear regression coefficient of the trait on the 

FTMY, 2ijkl is the deviation of the cow record from 

the overall average of FTMY, b3 is a partial linear 

regression coefficient of the trait on the FLL, and 

3ijkl is the deviation of the cow record from the 

overall average of FLL,  

 Analyses for all fixed models were performed 

using the General Linear Model (GLM) for 

generalized least squares procedures of the Statistical 

Analysis System (SAS, 2002).   
 

Estimation of genetic parameters and breeding 

values of longevity and lifetime production traits  

Multiple-trait animal model analyses were performed 

to estimate co-variance components, genetic 

parameters and breeding values. Co-variance 

components and predicted breeding values (PBV) 

were obtained as the solution vector (u) of the 
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random effects of the multiple-trait analysis.  The 

analyses were solved iteratively and were terminated 

when the change in the variance of the function 

values (-2 log likelihood) was below 10
-9

 (Boldman 

et al., 1995).  Multiple-trait derivative-free restricted 

maximum likelihood (DF- REML) with animal 

model analysis (Boldman et al., 2000) was used to 

apply the models.  Two runs of 4-trait models were 

performed:  Run1; includes F305MY with 

TL305MY,TLMY and TLL with the fixed effects of  

herd, year and season.  Run2;   includes F305MY 

with TCL, HL and PL with the same fixed effects.  

The applied model was: 

y = X + Zu + e 

with the following mixed model equations: 

 
 R-1  R-1      =  R-

1y 

 

 R-1  R-1+A-1    u    R-

1y 

 

where, 

y    is the matrix of observations of F305MY, 

TL305MY, TLMY, and TLL or F305MY, TCL, HL 

and PL, X is the incidence matrix that associates the 

fixed effects to the observations,  is the vector of 

fixed effects including herd, year and season of 

calving, Z is the incidence matrix that associates 

random effects to theobservations, u is the vector of 

animal random effects, and e is the vector of random 

residual effects associated with each observation.   

 Spearman rank correlation coefficients among 

breeding values of the first lactation 305 milk yield 

(F305MY) and TLL, TLMY, TL305MY, PL, TCL 

and HL were estimated using the Statistical Analysis 

System (SAS, 2002).   

 

RESULTS AND DISCUSSION 

 

 Table (1) summarizes the least squares means and 

coefficient of variation (C.V.) for first lactation traits, 

longevity and lifetime traits. Significance 

probabilities for the main effects that included in the 

fixed analyses are also shown in Table (1).  

Interaction between herd and year was highly 

significant in all first lactation and longevity traits 

except for HL and PL.  On the contrary, the herd-

season interaction was not significant in all the 

studied traits.  Also, the season-year interaction and 

the herd-year-season interaction was not significant 

in all traits except for F305MY and FTMY.   

 Least squares means of F305MY and FTMY 

(2358.4 and 2640.4) are lower than the estimates 

reported on the same herds by Abubakr et al. (1998), 

Farrag et al. (2000) and Abdelharith (2008), but 

higher than estimates reported by Halawa (2007) also 

on the same herd.  Applying some constraints on the 

data set such as determining age at first calving or 

choosing cows that completed five productive years 

could result in these differences.    

 For the longevity and lifetime production traits; 

TCL, HL and PL least squares means of 3.5 lactation, 

99.1 month and 67.2 month, respectively, are higher 

than those revealed by Halawa (2007) and Khattab et 

al. (2009) on the same herd.  Ashmawy (1985a) 

reported a TCL estimate of 2.77 on British Friesian 

Holstein herd that completed 5 lactations.  Abou-

Bakr (2009) on a commercial herd obtained lower 

HL (74.8) and PL (47.5) with reported high milk 

production.  High producer cows often reach high 

production in lower TCL, (Gugger et al., 2007) and 

this might explain the differences in estimates.   

 Least squares means for TLMY and TLL of 

9888.7 kg and 1091.3 days are higher than those 

estimated by Halawa (2007; 8831 kg and 1074 days) 

and the estimated TLMY (9670 kg) by Khattab et al.  

(2009), on the same herd; but lower than the 

estimates reported by Atil and Khattab (1999) of 

25423 kg and 1538 days for Holstein Friesian herd in 

a commercial farm.  These differences in estimates 

could be attributed to the breed differences and 

management practices with culling policies. 

 

 

Table 1.  Least squares means (LSM) and their standard errors (SE), coefficient of variation (C.V.% ) and 

probability of significance of first lactation traits; longevity and lifetime traits 

Trait N LSM ± SE C.V% Prob>F 

    Herd    Year Season 

F305MY 853 2358.4±465.59 25.8 0.00 0.00 0.41 

FTMY 853 2640.4±613.26  30.4 0.00 0.00 0.99 

FLL 853 332.8±56.16  21.4 0.00 0.00 0.44 

TCL 853 3.5±0.81 29.2 0.75 0.00 0.99 

HL 853 99.1±23.52 30.9 0.00 0.00 0.98 

PL 853 67.2±23.71 46.8 0.00 0.00 0.89 

TL305MY 853 8750.8±2504.65 35.7 0.00 0.00 0.91 

TLMY 853 9888.7±2965.25 37.0 0.23 0.00 0.73 

TLL 853 1091.3±273.87 31.4 0.80 0.00 0.71 
F305MY: First 305-day milk yield, FTMY: first milk yield, FLL: first lactation length, TCL: total completed lactations, HL: 

herd life, PL: productive life, TL305MY: total lifetime 305-day milk yield, TLMY: total lifetime milk yield and TLL: total 
lactation length in days.  
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Partial regression coefficients of longevity and 

lifetime production traits on first lactation traits  are 

presented in Table (2).  Positive and significant 

regression coefficient of TL305MY on F305MY 

(0.87) reveals that high F305MY may result in high 

TL305MY for the cow.  Ashmawy (1985b) reported 

negative regression coefficients of stayability for the 

second and third lactations on FTMY.   

 Negative non-significant estimates of regression 

coefficients of TLMY and TLL on F305MY (-0.31 

and -0.02), indicate that higher production of 

F305MY leads to shorter TLL with decrease in 

TLMY.  Estimates of regression coefficients of 

TLMY on FTMY and TLL on FLL were positive and 

significant indicating that increasing FLL and FTMY 

will be accompanied by longer TLL and higher 

TLMY. 

 

 

Table 2.  Partial regression coefficients of longevity and lifetime production traits on first lactation traits 

and their standard errors and (P<F) between brackets 

Trait F305MY FTMY FLL 

TL305MY 0.87±0.35 

(0.01) 

0.69±0.33 

(0.04) 

-2.21±2.28 

(0.33) 

TLMY -0.31±0.41 

(0.45) 

2.22±0.38 

(0.00) 

-4.87±2.67 

(0.07) 

TLL -0.02±0.04 

(0.66) 

0.05±0.04 

(0.16) 

0.73±0.25 

(0.00) 

TCL 0.00±0.00 

(0.86) 

0.00±0.00 

(0.80) 

0.00±0.00 

(0.07) 

HL 0.00±0.00 

(0.77) 

0.01±0.00 

(0.82) 

0.02±0.02 

(0.02) 

PL 0.00±0.00 

(0.82) 

0.00±0.00 

(0.89) 

0.02±0.02 

(0.45) 
F305MY: First 305-day milk yield, FTMY: first milk yield, FLL: first lactation length, TL305MY: total lifetime 305-day 

milk yield, TLMY: total lifetime milk yield, TLL: total lactation length in days, TCL: total completed lactations, HL: herd 
life and PL: productive life.  

 

 Zero and non-significant regression estimates of 

TCL, HL and PL on F305MY, FTMY and FLL 

except for HL on FLL, were significant, indicating 

that changes of the studied first lactation traits would 

not result in any changes in TCL, HL nor PL.  

Positive partial regression coefficient of HL on 

FTMY was reported by Honnette et al. (1980).   

 Table (3) summarizes estimates of additive, 

environmental and phenotypic variances obtained 

from the multiple-trait animal model runs.  Also, 

estimates of heritability are shown in the same Table.  

In all the studied traits, the environmental variance is 

higher than the genetic one.  This could explain the 

importance of the management practices as well as 

the genetic effects of these traits.  Jenko et al. (2015) 

reported similar result for first total milk yield trait. 

The heritability estimate of F305MY (0.13) is smaller 

than that reported by Halawa (2007) on the same 

herd and than of Jairath et al. (1995), Vollema and 

Groen (1996),  Atil and Khattab (1999) and Jenko et 

al. (2015).  The differences among estimates could be 

referred to different models applied and data 

structures. 

 

 

Table 3.  Additive genetic, environmental and phenotypic variances; heritability (h
2
)  and their standard 

error (SE) for first lactation, longevity and lifetime  traits. 

Trait Additive genetic 

variance 

Environmental 

variance 

Phenotypic 

variance 

h
2
±SE 

F305MY 55926.80 372849.20 428776.00 0.13±0.06 

TL305MY 2400997.50 8355977.60 10756975.10 0.22±0.08 

TLMY 4663919.40 11527776.10 16191695.40 0.30±0.08 

TLL 24209.30 102590.00 126799.30 0.18±0.07 

TCL 0.025 0.93 0.95356 0.03±0.06 

HL 103.81 398.49 502.29 0.21±0.07 

PL 101.82 405.33 507.15 0.20±0.07 
F305MY: First 305-day milk yield, TL305MY: total lifetime 305-day milk yield, TLMY: total lifetime milk yield, TLL: 

total lactation length in days, TCL: total completed lactations, HL: herd life and PL: productive life.  

 

 Estimates of heritability for TL305MY, TLMY 

and TLL were 0.22, 0.30 and 0.18 as shown in Table 

3.  Reported estimates higher than 0.20 for TLMY 

were obtained by Atil and Khattab (1999), Halawa 

(2007), Khattab et al. (2009), Abou-Bakr (2009) and 

Upadhyay et al. (2015).  Other low estimates were 
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reported by Jairath et al. (1995), Vollema and Groen 

(1996), Zahed et al. (2004) and Jenko et al. (2015).  

The resulted heritability estimates show that selection 

with improved management could bring noticeable 

improvement in these traits. 

 The estimate of heritability for TCL (0.03) is in 

agreement with that reported by Ashmawy (1985a), 

Vollema and Groen (1996) , Zahed et al. (2004) of 

(0.022, 0.036 and 0.04, respectively).  Low estimates 

of heritability for TCL were also reported by 

Novotný et al. (2017) and Stanojević (2017), (0.06 

and 0.074), respectively.  The low heritability 

estimates resulted from small additive variance and 

therefore management practices affect TCL trait 

more than the genetics.  Higher estimates for TCL 

were reported by Halawa (2007), (0.25) and Khattab 

et al. (2009), (0.12).  The low heritability estimate of 

TCL suggested that selection for longevity measured 

as TCL could be ineffective.   

 Although HL and PL traits are considered as 

managerial decisions and their heritability estimates 

in general are low ranging from 0.037 to 0.136 and 

from 0.035 to 0.136, respectively (Hoque and Hodges 

(1980); Jairath et al. (1994); Vollema, and Groen 

(1996) and Jenko et al. (2015); estimates of 

heritability for these traits (0.21 and 0.20) are within 

the range of estimates obtained in Egypt by Halawa 

(2007) and Khattab et al. (2009).  Lower estimates of 

heritability for PL were reported by Upadhyay et al. 

(2015) and Stanojević (2017), (0.17 and 0.066, 

respectively).  This wide range of estimates might be 

due to the different types of data and different models 

of analyses.  

 Tables (4) and (5) show the genetic and 

phenotypic correlations between F305MY and each 

of lifetime and longevity traits resulted from the 

multiple-trait animal model analyses.  Positive 

moderate genetic correlations were obtained between 

F305MY and each of TL305MY, TLMY and TLL 

(0.46, 0.35 and 0.49, respectively).  The 

corresponding phenotypic correlations between 

F305MY and both of TL305MY and TLMY were 

positive and moderate (0.34 and 0.37).  These 

estimates were within the range of estimates obtained 

by Halawa (2007) and in agreement with Hoque and 

Hodges (1980) and Jairath et al. (1995).  Jenko et al. 

(2015) which they reported a phenotypic correlation 

estimate of 0.27 between first milk yield and total 

milk yield and 0.48 for the genetic correlation 

between them.  The positive correlations indicate that 

cows of higher F305MY is expected to produce 

higher TL305MY and TLMY.   

 High positive genetic and phenotypic correlations 

between lifetime traits TL305MY and TLMY are 

presented in Table (4) being 0.99 and 0.95, 

respectively.  The genetic correlations between TLL 

and each of TL305MY and TLMY were 0.99 and 

0.98 while corresponding phenotypic correlations 

were smaller (0.89 and 0.90), respectively.  These 

high genetic correlation estimates indicate that 

improving of one trait will lead to improvement in 

the other traits. 

 

Table 4. Estimates of genetic (below diagonal) and phenotypic (above diagonal) correlations between 

F305MY and each of TL305MY, TLMY and TLL in Friesian cattle 

 F305MY TLL TLMY TL305MY 

F305MY  0.14 0.37 0.34 

TLL 0.49  0.90 0.89 

TLMY 0.35 0.98  0.95 

TL305MY 0.46 0.99 0.99  
F305MY: First 305-day milk yield, TLL: total lactation length in days, TLMY: total lifetime milk yield and TL305MY: total 

lifetime 305-day milk yield.  

 

Table 5. Estimates of genetic (below diagonal) and phenotypic (above diagonal) correlations between 

F305MY and each of TCL, HL and PL 

 F305MY TCL HL PL 

F305MY  0.27 0.25 0.12 

TCL 0.29  0.42 0.41 

HL 0.11 0.55  0.99 

PL 0.22 0.51 0.99  
F305MY: First 305-day milk yield, TCL: total completed lactations, HL: herd life and PL: productive life.  

 

 Positive genetic and phenotypic correlations 

between F305MY and longevity traits ranging from 

0.11 to 0.29 are presented in Table 5.  In general, the 

genetic correlations were higher than the 

corresponding phenotypic correlations except for the 

correlation between F305MY and HL.  The genetic 

correlation between F305MY and PL, was positive 

and moderate, (0.22) while the phenotypic correlation 

between them was 0.12.  Jenko et al. (2015) reported 

0.23 and 0.05 for the same correlations, respectively. 

On a British Friesian-Holstein herd, Ashmawy (1985 

a) reported a higher genetic correlation (0.42) than 
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that reported in this study.  It could be concluded that 

higher F305MY cows will be expected to have higher 

PL and remain longer in the herd. This is in 

agreement with Hoque and Hodges (1980) and Atil 

and Khattab (1999). 

 The genetic correlation between TCL and each of 

HL and PL (0.55 and 0.51), respectively were higher 

than the corresponding phenotypic correlation, (0.42 

and 0.41).  Among the genetic and phenotypic 

correlations, HL and PL had the same high positive 

genetic and phenotypic correlation estimate of (0.99).  

Zahed et al. (2004) and Halawa (2007) reported an 

estimate of (1.0) for both genetic and phenotypic 

correlation. The PL trait is reported to be 

recommended in breeding programs by Reinhardt 

and Pasman (1996), VanRaden (2002) and Martinez 

et al. (2004). 

 Table (6) presents the spearman rank correlations 

between predicted breeding values among first 

lactation trait (F305MY) and longevity and lifetime 

traits. Predicted breeding values for F305MY ranged 

between -902 to 1189 kg.  The estimates of breeding 

values for TCL ranged from -0.20 to 0.22 lactation, 

for HL, ranged between -13.9 and 21.0 month and for 

PL ranged from -15.5 to 25.1 month.  The wide 

variation of the breeding values  estimates suggested 

that an appropriate breeding scheme would expect 

response to selection for these traits.  Vast ranges of 

breeding values for first lactation traits and lifetime 

traits were reported by Atil and Khattab (1999) and 

Khattab et al. (2009). 

Table 6.  Spearman rank correlation coefficients between breeding values of the first  

lactation and each of longevity and lifetime traits. 

 F305MY TLL TLMY TL305MY PL HL 

TCL 0.28 0.35 0.34 0.35 0.77 0.76 

HL 0.17 0.25 0.21 0.24 0.99  

PL 0.13 0.25 0.23 0.25   

TL305MY 0.40 0.99 0.99    

TLMY 0.49 0.99     

TLL 0.39      
F305MY: First 305-day milk yield, TCL: total completed lactations, HL: herd life, PL: productive life, TL305MY: total 

lifetime 305-day milk yield, TLMY: total lifetime milk yield and TLL: total lactation length in days.  

 

 Low to moderate positive rank correlations 

between predicted breeding values of F305MY and 

all the lifetime traits ranging from 0.13 to 0.49 were 

obtained.  Zahed (2004) obtained the same findings 

but in different estimates of correlations.  Positive 

correlation estimates between F305MY and TLMY 

were also reported by Atil and Khattab (1999).   

 Among the traits, the highest rank correlation 

(0.99) was found between HL and PL.  This high 

correlation could be expected as PL is a part of HL.  

Same conclusion applied on the high rank 

correlations between TLL and TL305MY (0.99) and 

between TLL and TLMY (0.99) as TL305MY and 

TLMY is a function of TLL.  These results are in 

agreement with Zahed et al. (2004) and Dubey and 

Singh (2014).   

 The highest positive rank correlation estimates 

between TCL and each of the lifetime and longevity 

traits were between TCL and HL (0.76) and between 

TCL and PL (0.77).    

 

CONCLUSIONS 

 

 Results of this study suggest that selection for 

high 305-day milk yield in the first lactation is 

expected to increase lifetime milk production, length 

of herd life and productive life.  Genetic 

improvement of longevity or lifetime traits could be 

practicing indirectly depending on traits of the first 

lactation.  Including the productive life or any of the 

longevity traits in a genetic evaluation or breeding 

program could be useful.  The early selection based 

on the first lactation traits is useful to minimize the 

generation interval and thus maximize the genetic 

progress. 
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 اة اإلًتاجيت فى أبقار الفريزياىالعالقاث الىراثيت والوظهريت بيي صفاث الوىسن األول و بعض صفاث الحي
 

هٌاء عبدالحارث
1

، هختار عبداللطيف 
2

، الهام غٌين 
2

، هحود عبدالحويد 
1 

 
 

 ،الوٌىفيت ،شبيي الكىم ،جاهعت الوٌىفيت ،كليت الزراعت -2،  هصر ،الجيزة ،الدقى ،ركز البحىث الزراعيته، هعهد بحىث االًتاج الحيىاًى -1

 هصر

 

ذؼرثش صفاخ انحياج اإلَراظيح يٍ انصفاخ انًفضم دساسرٓا حيس أَٓا ذؤشش ػهٗ انشتحيح اإلظًانيح.  كاَد أْذاف ْزِ انذساسح ْي دساسح  

ٍ صفاخ انًٕسى األٔل ٔ تؼض صفاخ انحياج اإلَراظيح في انًاشيح انفشيضياٌ ، ٔذقذيش انًؼانى انٕساشيح ٔانًظٓشيح انؼالقاخ انٕساشيح ٔانًظٓشيح تي

تًحطرٗ  0220ٔ حرٗ  0492سعم ألتقاس انفشيضياٌ انًٕنٕدج فٗ انفرشج يٍ  0492اشرًهد انذساسح ػهٗ نُفس انصفاخ ٔذقذيش انقيى انرشتٕيح.  

ٔ  0490انثياَاخ االَراظيح نهفرشج يٍ  ػهٗ ٔاشرًهد ْزِ انسعالخٓذ تحٕز االَراض انحيٕاَٗ تٕصاسج انضساػح تًصش.  سخا ٔانقشضا انراتؼريٍ نًؼ

سُٕاخ اَراظيح تذءا يٍ ذاسيخ أٔل  :تانقطيغ نًذج انٕظٕد أو ٔأذيحد نٓى فشصح  94;طهٕقح ٔ  029تقشج تُاخ ل  9:8ٔ رنك ل  0229حرٗ 

 ٔالدج نٓا.

يصم ػذد انًٕاسى ، طٕل انحياج فٗ انقطيغ ، انحياج االَراظيح ، إَراض انهثٍ فٗ  فٗ انرحهيم اإلحصائٗ ذى اسرخذاو تؼض صفاخ انحياج االَراظيح 

فٗ انرحهيم اسرخذو أيضا   يٕو.سُٕاخ اَراظيح ، ٔػذد أياو انحهة أيضا فٗ َفس انفرشج تان :سُٕاخ، اَراض انهثٍ انكهٗ خالل  :يٕو فٗ خالل ال :82

 .ٔاَراض انهثٍ انكهي ألٔل يٕسى ٔ طٕل فرشج حهية أٔل يٕسى  يٕو نهًٕسى األٔل :82اَراض انهثٍ فٗ كتؼض صفاخ انًٕسى األٔل 

غيش شاترح نذساسح ذأشيش تؼض انؼٕايم ًَارض احصائيح  د.  ٔاسرخذيدسسد انؼالقاخ تيٍ صفاخ انًٕسى األٔل ٔ صفاخ انحياج االَراظيح 

نهصفاخ ػذد ٔ رنك  08:9.9،   0240.8،  4999.6،  96:2.9، 6.0;،  44.0، :.8 نصفاخ.  كاٌ يرٕسظ انصفاخ ػهٗ ْزِ إساشيح ان

يٕو  :82ٔ اَراض انهثٍ فٗ  يٕو ، اَراض انهثٍ انكهٗ ، ػذد أياو انحهية  :82اَراض انهثٍ انًعًغ ل ، طٕل انحياج االَراظيح ،  انًٕاسى ، طٕل  انحياج

 ل. نهًٕسى األٔ

،  2.00، 2.02، 2.00 ، 2.28 ْٗ انٕساشٗ كافئاسرخذو ًَٕرض انحيٕاٌ يرؼذد انصفاخ نرحهيم انصفاخ انًذسٔسح ٔ كاَد ذقذيشاخ انً 

 ػهٗ انرٕانٗ.نصفاخ نُفس ا 2.08ٔ  2.09،  2.82

 قذسخيٕظثح ٔ فكاَد َراظيح ذحد انذساسحيٕو نهًٕسى األٔل ٔظًيغ صفاخ انحياج اال :82أيا ذقذيشاخ االسذثاط انٕساشٗ تيٍ اَراض انهثٍ فٗ  

 ػهٗ انرٕانٗ. 2.00،  2.00،  2.04 ، 2.94،  :2.8،  ;2.9

يٕو نهًٕسى  :82يؼايالخ اسذثاط انشذة تيٍ صفح اَراض انهثٍ فٗ ٔٔظذ أٌ  أظشٖ اسذثاط انشذة تيٍ انقيى انرشتٕيح نعًيغ انصفاخ انًذسٔسح 

يٕو ، اَراض انهثٍ انكهٗ ، ػذد أياو انحهية  :82حياج ، طٕل انحياج االَراظيح ، اَراض انهثٍ انًعًغ ل صفاخ ػذد انًٕاسى ، طٕل  ان األٔل ٔتيٍ 

 ػهٗ انرٕانٗ.  2.84،  2.94،  2.92،  2.08،  2.06،  2.09ذقذيشاذٓا كاَد  يٕظثح ٔػانيح انًؼُٕيح ٔانكهيح ، 

حيس يرٕقغ انضيادج فٗ كًيح انهثٍ انكهيح  نهًٕسى األٔليٕو  :82َراض انهثٍ في إلسذفاع إأَّ يًكٍ االَرخاب أظٓشخ انُرائط فٗ ْزِ انذساسح  

 أيضا يًكٍ االسرفادج يٍ ادساض صفح طٕل انحياج االَراظيح فٗ تشايط انرشتيح.  .طٕل فرشج انحياج االَراظيح صفح تقاس ٔكزنك االنحياج 
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SUMMARY 
 

 The present study was carried out at the New Valley governorate. Four districts were identified; El-Kharga, 

El-Dakhla, Baris and Balat, to identify an optimal combination among crop and livestock enterprises that would 

enable the smallholders meet their goals of accumulating monetary income and providing food security for the 

family throughout the year. Data were collected from 120 farms randomly selected represent one agricultural 

year (2015 – 2016). Biological and economic technical coefficients per feddan and per head of animal were 

estimated. Four farming plan scenarios were proposed; the first scenario (LP1) assuming free choice of 

cultivated crops and livestock enterprises to simulate the current status, the second scenario (LP2) assuming 

free choice of cultivated crops, while livestock activity was constrained by at least one head of each livestock 

species (cattle, sheep and goat) , the third scenario (LP3) assuming that the cultivated area was distributed 

equally among the different crops during winter and summer seasons, and free choice of livestock activity, 

Finally, the fourth scenario (LP4) assuming that the cultivated area was distributed equally among the different 

crops,  while livestock activity was constrained by at least one head of each livestock speci es (cattle, sheep and 

goat). Results showed that Balat district exceeded the current gross margin by 221%, while the second scenario 

exceeded by 121.8% in El-dakhla district, meanwhile, the result of the third scenario revealed that El-kharga 

district scored the higher by 18%, while no feasible solutions were obtained from LP4 in all studied districts. 

The current study concluded that smallholders have different goals other than just maximizing their farm GM 

(gross margin) to satisfy food security throughout the year for the family.  
 

Keywords: Mixed farming system, linear programming, modeling, gross margin, New Valley, Egypt 
 

INTRODUCTION 
 

 Farming system can be defined as a group of 

farms with similar structure, so that farms are likely 

share relatively similar production tasks (Notenbaert 

et al., 2009). Crop/livestock farming system, 

including both crop and livestock components, 

represents the dominant type of farms in most 

developing countries , and interactions among those 

components often have a major impact on the 

farming system productivity and the economic 

efficiency (FAO, 2009). Therefore, farmers are 

usually managing a wide range of interrelating 

components such as climate and physical 

environment which determine the basic nature of the 

farming system itself (Rickert and Mackeon, 1991).   

 Usually, under such system conditions, 

smallholders are faced with the problem of how to 

allocate their limited production resources among 

cropping and livestock enterprises that would 

improve farm income. Most of the time, smallholders 

are using traditional method of farm planning and 

relying on experience and comparison with their 

neighbors in order to determine management 

decisions about what commodities to produce and in 

what quantities. In order to bridge allocation of 

available production resources problems, Majeke et 

al. (2013) reported that linear programming 

techniques can address the problem of how to select a 

combination of farm planning activities that is 

feasible, profitable and achieving food security for 

the family. 

 In Egypt, desert areas represent about 94% of the 

Egyptian land. About 55% of the total populations 

are working in agriculture sector (CAPMS, 2015). 

Moreover, small-scale crop/livestock farming system 

is the dominant system and nearly 95% of the 

livestock population are kept under this system 

(FAOSTAT 2014). In this context, the New Valley 

governorate, in terms of area, is considering the 

largest desert governorate in Egypt. Crop/livestock 

farming system represents the major farming system 

pertained in that area. The current study explores the 

potential of linear programming technique as a 

farming plan tool, therefore, the present study 

adopted linear programming approach to identify an 

optimal combination among crop and livestock 

enterprises in the New Valley governorate that would 

enable the smallholders meet their most important 

goals of accumulating monetary income and 

providing household food security throughout the 

year subject to a given fixed set of farm constraints.   
 

MATERIALS AND METHODS 
 

The study area: 

 The current study was carried out at the New 

Valley governorate. This governorate is located in the 
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south western part of Egypt and lays between 25°; 

42’ and 30°; 47’ East longitude, 22°, 30’ and 29°; 30’ 

North latitude. The New Valley governorate is 

considered the largest governorate in Egypt in terms 

of area, which amounts to approximately 440098 

km
2
, representing about 43.6 % of the total area of 

Egypt. The New Valley is characterized by dry 

climate in summer and warm winter. Rain is a limited 

source of water, so that irrigation water is mainly 

obtained from underground water. (EEAA & EMU, 

2008 ). Four districts were identified for the current 

study; El-Kharga, El-Dakhla, Baris and Balat. The 

target districts contain a variety of small-scale mixed 

farming system of different farm sizes. The 

livelihood practices sedentary farming complement 

by limited livestock production. Alary et al. (2016) 

reported that livestock feeding resources, in these 

districts, are mainly based on green fodder and wheat 

residues in winter and green corn in summer. 

Detailed description of the current study area is 

presented in Mohammady et al. (2019). 

 
Type of data: 

 Quantitative and qualitative data regarding crop 

and livestock enterprises were collected.  Data were 

collected from 120 farms (30 farms from each 

district) randomly selected with respect that the 

chosen farmers practicing cultivating crops and 

livestock activities. The data represent one 

agricultural year begins from September 2015 to 

August 2016. Field survey, using structured 

questionnaire, was performed to identify available 

production resources. The questionnaire provided 

general information concerning socio-economic 

features, family size, age, education and their 

contribution in agricultural and livestock activities, 

farm size, herd size, main field crops and current 

farming practices, hired labor, veterinary services and 

productive performance of the farming activities . The 

financial data include the operational variable costs 

of crops and livestock enterprises and revenues 

generated from both. 

 Considerable agreement exists among research 

workers that development of a farming system 

directly depends upon an accurate inventory of 

available production resources  through field survey 

of the target area. These resources provide the means 

of production and place an upper bound on how 

much production profit are possible. The recent 

results of field survey concerning available 

production resources and cropping pattern of the 

target districts are presented in Table (1).  

 

 

Table 1. Statistics of available production resources inventory and cropping pattern in the four studied 

districts 

Balat Baris  Eldakhla Elkharga Item 

30 30 30 30 Sample size  

10.72 4.45 8.62 7.17 Average farm size, feddan 

7.13 7.77 5.37 7.13 Average family size, member 

    Livestock, head 

5.88 7.37 6.53 11.27       Native cattle 

5.44 21.9 6.13 15.78       Sheep 

3.98 17.17 7.79 16.85       Goat 

    Cropping pattern, feddan 

    Winter season 

4.2 1.55 1.76 2.7       Alfalfa 

3.3 1.4 3.3 2.6       Wheat 

0.375 ---- 1.25 0.6       Bean 

0.97 1.3 2.2 1.2       Barley 

    Summer season 

---- ---- 0.5 1.2       Elephant grass 

0.16 1.5 1.5 1.7       Darawa  

---- 1.2 1.8 1.2       W-corn 

---- ---- 0.6 1.75       Cowpeas                 

---- 1.3 0.12 0.6       Fume 

2.7 0.45 3.3 0.68       Other crops 

59917 68391 65095 113410 Aggregate cash flow, LE 

 
Data analysis: 

 Biological technical coefficients  per feddan and 

per head of animal of the current crop and livestock 

enterprises for the studied districts were estimated 

using fixed effects General Linear Model procedures 

described by SAS (2004). While economic technical 

coefficients (i.e. gross margin and variable costs) per 

feddan for each crop and per head of livestock 

species were derived from farm budget breakdown. 

In addition, economical efficiency (GM/feddan) of 

the current studied farming system was calculated by 

dividing the whole farm gross margin by the number 

of units of resource needed. Obtained monetary 

values of model parameters are presented in Table 

(2). These estimates were calculated according to the 

pertained farm gate price of inputs and outputs during 

the studied agricultural year (2015-2016).  
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Table 2. Model parameters estimates (LE) of crop (per feddan) and livestock (per head) enterprises of the 

studied districts 

Variables 
El-Kharga El-Dakhla Baris Balat 

VC GM VC GM VC GM VC GM 

Winter season          

  Alfalfa 1485 12983 1615 19121 1440 15136 1430 13005 

  Wheat  3340 8929 2162 2284 2149 3088 1880 3118 

  Bean  3037 6863 2464 3136 --- --- 1267 733 

  Barley 1316 4184 1108 1674 1818 5057 1805 1926 

Summer season          

  Elephant grass  1716 7313 2382 11618 --- --- --- --- 

  Darawa 1054 1282 402 634 1279 4032 489 2636 

  W-corn 1088 1126 526 1361 391 521 --- --- 

  Cowpeas 563 387 624 2105 --- --- --- --- 

  Fume  1188 596 4125 4208 607 912 --- --- 

  Other crops 3245 4328 2354 1857 3207 1963 2232 775 

Livestock          

  Cattle  5854 1675 3978 2299 3108 2165 4518 1570 

  Sheep  658 376 1083 967 690 147 1157 641 

  Goat 418 858 667 615 610 269 1056 690 
 VC; variable costs, GM; gross margin; GM= revenues – variable costs. 

 

Linear programming model structure: 

  Mathematical programming model was 

constructed to resource allocation patterns  that 

determine optimal decisions, provide the best 

opportunities for success in improving work and to 

determine which combination is the most profitable 

as well.  The sets of parameters derived from the 

whole farm budget were incorporated into General 

Algebraic Modeling System software (GAMS, 2000) 

to determine the optimal solution. The current study 

considered land use, herd size, labor and available 

cash flow represent the major constrains affecting the 

production in the studied districts . The general 

mathematical formula used was as follows; 

Objective function: 

 Maximize Z   = 
i

i

i xa


13

1

             

Where, 

Z =   total farm gross margin 

ai =   coefficient referring to gross margin per unit of 

decision variable xi,  

xi =  decision variable, livestock activity; cattle (X1), 

sheep (X2), goat (X3), crops activity; alfalfa (X4), 

wheat (X5), bean (X6), barley (X7) as winter crops 

and elephant grass (X8), Darawa (X9), w-corn (X10), 

cowpeas (X11), fume (X12) , other crops (X13) as 

summer crops. 

Subject to a set of constraints expressed as 

inequalities: 

 

    ii

ji

j bXC 


13

1

 

Where: 

Xi  = Decision variable,  

Cj = amount “C” of the resource j required,  

bi = the available number of units of resource i. 

Xi  ≥  0 

 Quite often, some or all of the model parameters 

are subject to sources of uncertainty due to factors 

out of farmers’ control (decline crop yield, lower 

milk yield and market risks). This uncertainty 

imposes a limit on confidence in the response and 

solution of the model. Therefore, in models involving 

many decision variables, sensitivity analysis is an 

essential ingredient of the model building to provide 

the decision makers with the minimum values of 

parameters incorporated in the objective function.  

 

Proposed farming plan Scenarios: 

 Four farming plan scenarios were proposed with 

overall goals to maximize the whole farm GM and to 

enhance the overall economic efficiency of the 

current status of crop/livestock farming system. The 

proposed farming plan scenarios constructed the 

same general mathematical formula of liner 

programming (objective function) subject to a 

various set of constrains of herd size and land use, 

while assuming  that labor and available cash flow 

constrains were fixed in all four proposed scenarios. 

 

Base Run Scenario (LP 1):  

 The first hypothetical scenario (LP1) assuming 

free choice of cultivated crops and livestock 

enterprises to simulate the current status farming plan 

which considered as a base run. The objective 

function formula, to maximize the whole farm GM, is 

as mentioned before.  

Subject to a set of constraints expressed as 

inequalities: 

Herd size: 

    X1 + X2 + X3  =    average herd size 

Land use: 

Winter season:  

     X4 + X5 + X6 + X7 = average farm size (feddan) 

Summer season:  
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  X8 + X9 + X10 + X11+ X12 + X13 = average farm 

size (feddan) 

No modifications occurred for labor and cash flow 

constrains.  
 

Modified herd composition scenario (LP2): 

 The second hypothetical scenario (LP2) assuming 

free choice of cultivated crops, while livestock 

activity was constrained by at least one head of each 

livestock species (cattle, sheep and goat). The 

objective function formula to maximize the whole 

farm GM is as mentioned before. 

Subject to a set of constraints expressed as 

inequalities: 

Herd size: 

 X1 ≥ 1 head of cattle 

 X2 ≥ 1 head of sheep 

 X3 ≥ 1 head of goat 

Land use: 

Winter season : 

 X4 + X5 + X6 + X7 = average farm size (feddan) 

Summer season:  

 X8 + X9 + X10 + X11+ X12 + X13 = average 

farm size (feddan) 

No modifications occurred for labor and cash flow 

constrains.  
 

Diversity of cropping pattern Scenario (LP3): 

 The third hypothetical scenario (LP3) assuming 

that the cultivated area was distributed equally 

among the different crops during winter and summer 

seasons, and free choice of livestock activity. The 

objective function formula to maximize the whole 

farm GM is as mentioned before. 

Subject to a set of constraints expressed as 

inequalities: 

Herd size: 

      X1 + X2 + X3  =    average herd size 

Land use: 

Winter season:  

 X4 = X5 = X6 = X7 = 1/4 farm size 

 X4 + X5 + X6 + X7 ≤ average farm size (feddan) 

Summer season:  

      X8 =X9 =X10 =X11 =X12 = X13 = 1/6 farm size 

      X8 + X9 + X10 + X11+ X12 + X13 ≤ average 

farm size (feddan) 

No modifications occurred for labor and cash flow 

constrains.  

 
Real farming plan Scenario (LP 4): 

 The fourth hypothetical scenario (LP4) assuming 

that the cultivated area was distributed equally 

among the different crops,  while livestock activity 

was constrained by at least one head of each 

livestock species (cattle, sheep and goat). The 

objective function formula to maximize the whole 

farm GM is as mentioned before. 

Subject to a set of constraints expressed as 

inequalities: 

Herd size: 

 X1 ≥ 1 head of cattle 

 X2 ≥ 1 head of sheep 

 X3 ≥ 1 head of goat 

Land use: 

Winter season:  

 X4 = X5 = X6 = X7 = 1/4 farm size 

 X4 + X5 + X6 + X7 ≤ average farm size (feddan) 

Summer season : 

      X8 =X9 =X10 =X11 =X12 = X13 = 1/6 farm size 

      X8 + X9 + X10 + X11+ X12 + X13 ≤ average 

farm size (feddan) 

No modifications occurred for labor and cash flow 

constrains. 

 

RESULTS AND DISCUSSION 
 

Expected farm gross margin: 

 Optimal solutions of the proposed farming plan 

scenarios judging by whole farm GM criteria for 

assessment and crop production to fulfill home 

consumption required are illustrated in Figure (1). 

Due to variations of the GM per feddan of cropping 

pattern and per head of livestock in developed 

objective function and the set of constrains for each 

district, different impacts among studied districts, and 

even in the same district, were observed on the 

expected whole farm GM, as compared to the current 

situation.  

 
Base run scenario (LP1): 

 The impact of LP1 farming plan scenario on the 

whole farm GM for El-Kharga, El-Dakhla, Baris and 

Balat districts are displayed in Figure (1). The 

optimal solution showed a significant positive impact 

on whole farm GM of all studied districts in 

comparison with the actual situation. The obtained 

whole farm gross margins were higher than those of 

the current situation by about 78.3%, 165.5%, 30.5% 

and 221% for Elkharga, Eldakhla, Baris and balat 

districts, respectively. To achieve these 

improvements, the obtained optimal solutions 

proposed changing the farming plan of cropping 

pattern and modifying herd composition. The 

solution proposed that farmers should cultivate the 

whole cultivated area with alfalfa during winter 

season in Elkharga, Eldakhla, Baris and balat 

districts. While, in summer season farmers should 

cultivate the whole cultivated area with elephant 

grass in Elkharga, El dakhla and balat districts. On 

the contrary, farmers in Baris district should cultivate 

Darawa during summer season. The reasons for 

shifting towards these crops (alfalfa, elephant grass 

and darawa) may due to the highest GM generated 

among the other crops (Table, 2) in all districts .  

 On the other hand, concerning livestock 

enterprises, the optimal solution indicated that herd 

composition should include only five heads of goats 

in Elkharga district and one head of cattle in Baris 

district, while, in the other two districts the solution 

recommended no livestock enterprise. These changes 

in the herds composition could be due to lower 

variable costs required to keep five head of goats 

which are within the limits of the available cash flow 

with the smallholders (Tables, 1 and 2). These results 
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are in agreement with findings obtained by Younis 

(1998) where, small ruminants could be more 

profitable than large ruminants in crop/livestock 

farming system in desert areas. From the economic 

point of view, the obtained optimal solutions are 

considered a feasible one, but practically not 

acceptable, where farmers have different goals other 

than just maximizing their farm GM to satisfy family 

consumption of different crops and livestock 

products and to avoid market risks. 

 To realize the expected farm GM, results of 

sensitivity analysis of the objective function revealed 

that GM generated per feddan of alfalfa should not be 

less than LE 5121, LE 7877, LE 4794 and LE 7709 

for Elkharga, Eldakhla, Baris and balat districts , 

respectively. While in case of elephant grass, GM per 

feddan should not be less than LE 3522, LE 8035 and 

LE 2636 for Elkharga, Eldakhla and Balat, 

respectively. On the other hand, in Baris district, GM 

generated from Drawa should not be less than LE 

1380. Concerning the livestock enterprise sensitivity 

analysis revealed that GM rewarded from goat should 

not be less than LE 239 in Elkharga, and not less than 

LE 1371 for cattle rasied in Baris.  
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  Fig. 1. Whole farm gross margin of the current situation and of the proposed farming plan scenarios for 

the studied districts. 
 

Modified herd composition scenario (LP2): 

 The optimal solutions of LP2 scenario of 

Elkharga, Eldakhla, Baris and Balat districts are 

shown in Figure (1). The optimal solution offered 

significantly higher whole farm GM than that of the 

current situation by about 51.9%, 121.8%, 25.3% and 

98.8%, for the corresponding districts, respectively. 

The optimal solution proposed that farmers should 

change the current cropping pattern in all studied 

districts. In Elkharga district farmers should cultivate 

the whole farm area with alfalfa in winter and 

cultivate 4.3 feddan with elephant grass in summer. 

While, in Eldakhla, farmers should cultivate 7.7 

feddan with alfalfa in winter and in summer cultivate 

2.3 feddan with Elephant grass. In the same context, 

in Baris, farmers have to allocate the whole farm 

(4.45 feddan) with alfalfa in winter and 0.9 feddan 

with Elephant grass beside 3.5 feddan Darawa in 

summer season. While, in Balat farmers should 

cultivate 6.4 feddan with alfalfa in winter and in 

summer cultivate 10.7 feddan with elephant grass. 

Moreover, regarding livestock enterprise, the optimal 

solution recommended that, herd composition 

includes only one head of cattle, sheep and goat in 

each of the target districts. 

 Sensitivity analysis of the objective function 

showed that gross margin of alfalfa should not be less 

than LE 6329, LE7877, LE 4540 and LE 7708 for 

Elkharga, Eldakhla, Baris and Balat, respectively in 

winter and also, GM of elephant grass should not be 

less than LE 3522 and 8035 for Elkharga and 

Eldakhla, respectively in summer. Furthermore, the 

gross margin of darawa should not be less than LE 

1922 in Baris district.  
 

Diversity of cultivated crops scenario (LP3): 

 This scenario was mainly proposed to avoid 

environment uncertainty and to provide farmers with 

basic needed crops. The optimal solutions are shown 

in Figure (1). Result indicated that optimal solution 

resulted in an improvement in the expected farm GM 

over the actual situation by about 18 % in Elkharga 

district. The sensitivity analysis of the objective 

function for in Elkharga district indicated that, the 

gross margin of goat should not be less than LE 239 

per head. On the other hand, no feasible solution 

obtained for the other 3 districts of  Eldakhla, Baris 
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and Balat to maximize farm gross margin. These 

results could be due to these forced constrains that 

farmers must cultivate 1/4 farm size by each crop in 

winter and 1/6 farm size by each crop in summer. 

These may lead to transfer money to cultivation, thus 

leaving less available cash resources to keep goat. 

Also, Bhatia and Gangwar (1981) found that, farmers 

have different type of attitude other than just 

maximizing their farm income. The obtained 

solutions support the findings of Abdulkadri and 

Ajibefun (1998) that, farmers could have objectives 

other than profit maximization like family 

consumption and diversification of crops to avert 

market risk. 

 

Real life scenario (LP4): 

 Due to the assumed sets of constrains concerning 

the cropping pattern in addition to livestock 

activities. The obtained result of proposed farming 

plan (LP4) showed no feasible solutions for all 

studied districts. The obtained results support the 

findings of Ronald (1981) who reported that the type 

and quality of available production resources 

determine which enterprises can be considered in the 

whole farm plan and which can automatically be 

eliminated because the necessary resources are not 

available.  

 

Economical efficiency: 

 Assessment of the economic efficiency of the 

current farming system was measured as the 

monetary value (GM) generated per unit of feddan 

(GM/feddan). Improvements of the economic 

efficiency of the proposed farming scenarios in 

comparison with the current situation are displayed in 

Figure (2). It is clearly observed that LP1 scenario 

(base run) achieved the highest GM/feddan, followed 

by LP2 scenario, in all the studied districts. The 

percentages of improvement are the same as those 

observed in the whole farm GM.  From the food 

security point of view, practically this scenario did 

not satisfy the farmers goals, since results of optimal 

solution did not allocate any decision variable for the 

household food consumption.  
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  Fig. 2. Gross margin per feddan of the current situation and of the proposed farming plan scenarios for 

the studied districts. 

 

CONCLUSION 

 

 The current study highlights the impact of 

allocation of the available production resources on 

the farm profitability. Comparison of results obtained 

by using conventional management practices of farm 

planning and linear programming model revealed 

that, optimal solutions derived from linear 

programming are more superior. It could be 

concluded that linear programming technique is a 

useful tool for farmers and decision makers . Such 

technique provides farmers and policy makers chance 

to select among alternatives farming plans scenarios 

that maximize farm income and support food 

security. The use of linear programming in resources 

allocation of crop/livestock farming system in the 

New Valley governorate might help to improve farm 

production in terms of maximizing farm profit and 

enhancing food security. Also, it is of great interest to 

notice that the response of different farming plans 

scenarios did not have the same impact on the farm 

GM for the target areas due to the availability of 

production resources, management practices and 

different constrains pertained in each area. The 

current study recommended that government policy 

should geared to financial support to smallholders to 

bridge the available cash flow constrain by 
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establishing a credit lines for the smallholders in the 

studied districts. 
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 الوادى الجذيذ في هصز هحافظة الٌظام الزراعي الٌباتي/ الحيواًي الحالي فيفي ًوذجة البزهجة الخطية  اسلوبتطبيق 

 
ت هحوود عبذ العاطيهحوذ ًصز

1
، هٌي هحوذى ابزاهين

2
، حاتن عبذ القادر هحوذ حوذوى

3
، دعاء عاطف عبذ السالم

2 

 

 قسن االًتاج -3كز بحوث الصحزاء، هز ،شعبة االًتاج الحيواًي والذواجي -2جاهعة اسيوط ، قسن االًتاج الحيواًي، كلية الزراعة،  -1

 جاهعة جٌوب الوادى  ، كلية الزراعة ،الحيواًي

 

 سعتهض 021الب٘اًاث هي  . حن  خوع (الخاسخت، الذاخلت، باسٗس ّبالط)هشامض  أسبعتعلٔ  الذساست فٔ هسافظت الْادٓ الدذٗذ ٍُزاء اخشن ح 

صٗادة الذخل خسذٗذ الخْل٘فت الوثلٔ هي االًخاج السْ٘أً ّالٌباحٔ بِذف ل. ّرلل 2102إلٖ أغسطس  2102هي سبخوبش  سٌت صساع٘تخالل 

الخشم٘ب افخشاض زشٗت اخخ٘اس  :السٌ٘اسْٗ األّل، أسبعت سٌ٘اسُْٗاث لٌوْرج البشهدت الخط٘ت حن اقخشاذ الوضسعٔ لصغاس الوضساع٘ي.

ع ه الخشم٘ب الوسصْلٔحشك السشٗت للبشًاهح الخخ٘اس : السٌ٘اسْٗ الثاًٖبٌ٘وا اقخشذ  ،ُاهش سبر الثشّة السْ٘اً٘ت لخسق٘ق اقصٖالوسصْلٔ ّ

الوسازت الوٌضسعت بالخسإّ علٔ الوساص٘ل ٗفشض ق٘ذا علٔ  :السٌ٘اسْٗ الثالث ،ّضع ق٘ذا علٔ العذد الوسخفع بَ هي السْ٘اًاث الوضسع٘ت

ماًج فَ٘ الوسازت الوٌضسعت السٌ٘اسْٗ الشابع:  علٔ أى ٗخشك السشٗت للبشًاهح فٖ اخخ٘اس الوخغ٘شاث الووثلت للسْ٘اًاث الوضسع٘ت.الوخخلفت ّ

 ذ أظِشث الٌخائحقّ .بَ هي السْ٘اًاث الوضسع٘ت هْصعت بالخسإّ علٔ الوساص٘ل الوخخلفت هسل الذساست موا ّضع ق٘ذا علٔ العذد الوسخفع 

% هقاسًت بالْضع السالٔ. بٌ٘وا زقق السٌاسْٗ الثأً  220 صٗادة هقذاسُا ّل اعلٔ ُاهش سبر فٔ هشمض بالط بٌسبتالزقق السٌ٘اسْٗ أ هاٗل

زل رّ خذّٓ فٔ  عط السٌاسْٗ الثالث لن ٗفٔ ز٘ي  .% هقاسًت بالْضع السالٔ 020.1 صٗادة هقذاسُا ُاهش سبر فٔ هشمض الذاخلت بٌسبت اعلٔ

 لن ٗظِش بٌ٘وا الخاسخت.فٔ هشمض هقاسًت بالْضع السالٔ   %01بٌسبت  شبرالُاهش حسس٘ي فٔ   طٔ فقط اعهشامض الذاخلت، باسٗس ّ بالط ّ

صغاس الوضاسع٘٘ي اُذاف اخشٓ الٔ خاًب لزلْل راث خذّٓ فٔ خو٘ع الوشامض هسل الذساست . ّقذ خلصج الذساست الٔ اى   شابع السٌ٘اسْٗ ال

  .عامالوضسعٔ ّالزٓ ٌٗسصش فٔ حْف٘ش االهي الغزائٔ لالسشة علٔ هذاس الصٗادة ُاهش الشبر 
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SUMMARY 

 

 This study was conducted to evaluate the effect of supplementing the diet of ewes or rams with sodium 

bicarbonate (NaHCO3) as buffers at two levels on feed intake, milk yield, milk composition, nutrient 

digestibility, rumen fermentation and some blood metabolites. Twenty seven healthy mature local ewes were 

randomly assigned into three similar groups (9 ewes each). Three digestibility trials were also carried out using 

twelve local rams randomly assigned into three groups (4 rams/ trial). Each trial lasted for three weeks, the first 

two weeks were considered as a preliminary period followed by one week collection period . Groups of 9 ewes 

and 4 rams were the control group fed the basal diet without NaHCO3supplement and treated groups were fed 

either 1.5 (T1) or 3% (T2) sodium bicarbonate mixed with the concentrate mixture. All animals were fed 70% of 

their requirements as concentrate mixture while, wheat straw was given ad libitum as roughage. Dietary 

supplementation of NaHCO3 (1.5 or 3%) increased (P<0.05) dry matter intake (DMI) of roughage and total dry 

matter intake. Sodium bicarbonate supplement increased (P<0.05) milk yield. The milk fat (%) was improved 
(P<0.05) in ewes supplemented 3% of NaHCO3 compared to other groups. Dietary supplement of sodium 

bicarbonate either 1.5 or 3% increased (P<0.05) serum pH and cholesterol. The organic matter, crude protein 

and crude fiber digestibility coefficients were improved (P<0.05) for rams supplemented with 1.5 and 3% 

sodium bicarbonate compared with the control group. Supplementation of sodium bicarbonate to rams rations 

increased (P<0.05) ruminal pH, concentrations of total VFAs  and total protozoa count as compared with the 

control diet. However, rumen ammonia nitrogen was not affected. In conclusion, dietary sodium bicarbonate in 

particular 3% of concentrate mixture improves dry matter intake, milk yield, milk fat (%), nutrients digestibility 

and fermentation patterns in sheep.  
 

Keywords: sodium bicarbonate, ewes, sheep, milk yield, milk composition, nutrient digestibility, rumen 

fermentation, blood parameters  
 

INTRODUCTION 
 

 The ewes postnatal in early lactation require high 

energy levels for milk production, thus large amounts 

of concentrate ingredients in ewes rations are needed. 

High-energy, low-fiber rations are rapidly fermented 

to volatile fatty acids in the rumen resulting in a 

decrease of pH throughout the gastrointestinal tract 

(Linda et al., (1985). High concentrate diets decrease 

rumen pH and fiber digestibility (Santra et al., 2003), 

thereby reducing the buffering capacity of the rumen 

contents and increasing the risk of ruminal acidosis 

(Kawas et al., 2007). High-energy, low-fiber rations 

increased acid levels in the rumen, which could be 

detrimental to the rumen papillae. Ruminal papillae 

damage results in poor absorption of feed nutrients in 

the rumen which may reduce feed intake, and result 

in a decrease of milk yield and its fat content (Donald 

et al., 1984). To avoid such incidence, several 

nutritional therapies have been tried, including the 

use of dietary buffers. Sodium bicarbonate (NaHCO3) 

is a natural   buffer (Erdman, 1988), and one of the 

dietary buffers commonly used to prevent ruminal 

pH reduction and enhance ruminal fermentation of 

low roughage diets (Le Ruyet and Tucker, 1992; 

Russell and Chow, 1993). The NRC (1989) 

suggested that NaHCO3 should be added at a level of 

1.2 – 1.6 % in the concentrate mixture of dairy cattle 

rations to control ruminal pH. Dietary buffer 

supplementation has variable effects on animals, 

which may be attributed to concentrate to forage 

ratio, level   of intake, types and levels of added 

mineral buffers (Santra et al., 2003). 

 The addition of sodium bicarbonate has variable 

effects on lamb's performance (Sen et al., 2006), 

including no effects (Gonzalez et al., 2008) or 

negative effects (Bodaset al., 2009).Also, NaHCO3 

has a buffer activity, increases dry matter intake and 

stabilizes rumen pH (Hutjens, 1991). Moreover, there 

are only few studies on the effects of NaHCO3 

supplementation in small ruminants, particularly in 

lactating ewes fed a high concentrate diet.  

 Therefore, the aim of the present study was to 

investigate the effect of different levels of dietary 

sodium bicarbonate supplementation in high 

concentrate-fed ewes and rams on feed intake, rumen 

fermentation, milk production along with some blood 

metabolites. 

 

MATERIALS AND METHODS 
 

 This experiment was carried out at the Animal 

Production Research Farm, Faculty of Agriculture, 

Al-Azhar University, Assiut branch and Animal 
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Production Department, Faculty of Agriculture, 

Assiut University. 
 

Animals, diets and management: 

 Twenty seven healthy mature local ewes (1.5- 2 

years old with an average body weight  40 ± 2 kg) 

were divided into three groups (nine ewes each), 

according to their average live body weight. The 

average initial weights were similar in all groups. 

The control group was fed a basal diet consisting of 

roughage and concentrates mixture, but the two 

treated groups were fed the basal diet supplemented 

with either 1.5 % (T1) or 3% (T2) of sodium 

bicarbonate to the concentrate mixture. Seventy % of 

the requirement was covered by a concentrate 

mixture, while wheat straw was given ad libitum as a 

roughage.The quantity of concentrate mixture was 

adjusted every two weeks according to the change in 

body weight (NRC, 1985).Daily feed intake was 

recorded and representative samples from feed were 

taken for chemical analysis according to the 

procedures of Association of Official Analytical 

Chemists(AOAC, 2005).Fresh water was available 

ad libitum. The ewes were individually housed in 

pens. The ingredients and chemical composition of 

the concentrate mixture and the wheat straw are 

shown in Table (1). 
 

Milk yield measurement: 

 Daily milk yield (g/day) for each ewe was 

recorded from the 15
th

 day post lambing till weaning 

at about three months lactating period using lamb's 

suckling technique as described by Ashmawy 

(1980).This technique was used two times with each 

ewe per week .Milk samples were analyzed for 

protein, fat, solid not fat, total solids and lactose 

using the methods devised by (AOAC, 2005). 

 

 

Table 1. Formulation of concentrate feed mixture and chemical composition of concentrate mixture and 

wheat straw 

Items Concentrate mixture Wheat straw 

Ingredients composition (% )   

Corn 44 - 

Wheat bran 30 - 

Corticated cotton seed meal 22 - 

Limestone 2 - 

Salt 1 - 

Vitamin and mineral (Premix
*
 ) 1 - 

Chemical composition, %  on Dry matter basis  

Dry matter (DM) 96.06 90.63 

Organic matter (OM) 91.77 88.20 

Crude  protein (CP) 14.20 3.00 

Crude fiber (CF) 11.70 39.33 

Ether extract (EE) 2.75 01.73 

Nitrogen free extract (NFE) 63.12 44.13 

Ash 8.23 11.80 
*Minerals and vitamins premix composition, containing 18 % calcium (Calcium carbonate), 6 % phosphorus (Mono calcium 

phosphate), 6.5% sodium (sodium chloride), 3 % magnesium (Magnesium oxide), 450,000 IU Vitamin A/kg, 80.000 IU 

vitamin D3 /kg, 2.125 mg vitamin E/kg.  

 

Blood sampling: 

 Blood samples were collected by jugular vein-

puncture at the end of the experiment 6 hrs. after the 

morning feeding.  Blood samples were then 

centrifuged at 3000 rpm for 20 min for harvesting 

serum then stored at −20°C till analyzed for blood 

parameters. Blood constants (cholesterol, pH, 

glucose, total protein, AST and ALT were analyzed 

by spectrophotometer (Unico, USA) using 

commercial test kits (Spinreact, Spain).   
 

Digestibility trial: 

 The digestibility trials were carried out using 

twelve local rams (two years old and about 52 ± 1.25 

kg body weight). Each trial lasted for 3 weeks, the 

first 2 weeks were considered as a preliminary period 

followed by one week collection period. Animals 

were randomly distributed into three experimental 

groups, each with four rams. The animals in group 

one were considered as a control, which was fed a 

basal diet consisting of concentrate mixture and 

wheat straw. The second group (T1) and the third one 

(T2) received the same basal diet with supplying the 

concentrate mixture with 1.5% and 3% of sodium 

bicarbonate, respectively. 
 

Chemical analysis and digestion coefficients 

measurements: 

 The diet samples were taken daily during the 

collection period.  At the end of the collection period, 

samples were mixed and grounded through 1 mm. 

screen for chemical analysis. Feces were collected 

daily and 10% of its weight were taken and dried at 

60-70 ºC for 24 hrs. The fecal samples from each 

animal were composited and grounded through a 

1mm mill screen for subsequent chemical analysis. 

The chemical analysis of feeds, residuals and feces 

were carried out using the procedures of Association 

of the Official Analytical Chemists (AOAC, 

2005).The apparent digestion coefficients of nutrients 
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were calculated by expressing the difference between 

the content of nutrients in both consumed feed and 

feces as a percentage of its intake. 

 

Rumen liquor parameters: 

 Rumen content samples were collected once from 

each ram, using a stomach tube, at the end of the 

digestibility trial. Samples were taken 4 hrs. after the 

morning feeding. Rumen liquor samples were 

divided into two parts, the first part was filtered 

through one layer of cheese-cloth, which was used to 

measure the protozoa count. The total protozoa count 

was conducted according to Abou El-Naga (1967). 

However, the second part was filtered through four 

layers of cheese-cloth. The filtrated portion was used 

immediately for the measurement of pH using a 

digital pH meter, and ammonia N concentration 

according to Conway (1962) method. Few drops of 

saturated solution of mercuric chloride were added to 

the filtrate to stop the microbial activity before its 

storage for analysis, and then the samples were kept 

frozen at -20ºC for determination of total volatile 

fatty acids (VFAs). The total VFAs acids were 

measured using the procedures of Warner (1964). 

 
Statistical analysis: 

 Statistical analysis was done according to general 

linear model (G.L.M) of S.A.S program version 8.2 

(2001). Differences among groups for feed intake, 

milk production, blood parameters, nutrient 

digestibility and rumen liquor parameters were 

evaluated by one-way ANOVA. Duncan Multiple 

Range Test (Steel and Torrie, 1980) was used to test 

the effect of treatments. The data were presented as 

mean ± S.E. Level of significance was set at P<0.05. 

The statistical model was as follows. 

Yij= µ + Ti + eij 

Where: Yij= the observation ij, µ =the overall mean, 

Ti = the effect due to treatment i., e ij = the 

experimental error. 

 

RESULTS AND DISCUSSION 
 

Feed intake: 

 The results  in Table (2) indicate that the daily 

DM intake from wheat straw and total DM intake by 

ewes fed rations  supplemented with 1.5 and 3 %  

sodium bicarbonate were significantly (P<0.05) 

higher than the intake by control group. The 

roughage intake was higher (P<0.05) in group with 

3% sodium bicarbonate compared with the group 

with only 1.5% (257.1 vs. 286 g). It has been 

reported that the addition of NaHCO3 to high 

concentrate diets controls acidity and increases the 

palatability of lamb diets through neutralization of 

acidity which is responsible for improving feed 

intake (Jacques et al, 1986). Similarly, Tucker et al. 

(1991) and Shahzad et al. (2007a) found higher DM 

intake by buffaloes fed high NaHCO3 due to higher 

rumen pH or acid base balance. Sarwar et al. (2007a) 

reported that the addition of NaHCO3 at a rate of 

1.15% increased the dry matter intake for 27% by 

growing lambs and for 29% by adding 1.5% 

NaHCO3 in Nili Ravi buffaloes (Sarwar et al., 

2007b). The results of the present study were similar 

to that reported by Wittayakunet al. (2015) who 

reported that roughage intake was significantly 

increased due to NaHCO3 supplementation to dairy 

cow's rations. Furthermore, the addition of sodium 

bicarbonate to grass silage before feeding lambs 

increased the dry matter intake from 8 to 20% 

(Sormunen et al., 2006). Also, Aguilera-Soto et al. 

(2008) reported that the supplementation of NaHCO3 

to lamb diets increased dry matter intake and feed 

efficiency. On the other hand, on others studies the 

voluntary feed intake of the animals was not affected 

by supplementation of sodium bicarbonate (Mess et 

al., 1985; and Fellner et al., 2000). Similarly, Santra 

et al. (2003) found that the daily dry matter intake 

was not affected by increasing the level of sodium 

bicarbonate in rations from 0.75 to 2.25%.  

 

Table 2. Effect of sodium bicarbonate supplement to ewe's ration on dry matter intake 

DM Intake (g/day) 
Treatment 

P- value 
Control T1 T2 

Concentrate 790.02 ± 16.02 823.5 ± 20.22 837.20 ± 17.84 0.186 

Wheat straw 235.80
c
 ± 4.47 257.10

b
 ± 4.64 286.0

a
 ± 5.41 0.001 

Total  intake 1026.00
b 

± 15.96 1080.60
a
± 19.57 1123.2

a
 ± 20.47 0.004 

a, b,c  Means of the same row  in each item with different superscripts are significantly  different (P<0.05). 

T1: ewes received 1.5% sodium bicarbonate, T2: ewes received 3% sodium bicarbonate 

 

Milk yield and milk constituents of ewes: 

 The average daily milk yield (DMY) of lactating 

ewes in Table (3) was significantly (P<0.05) higher 

in the supplemented sodium bicarbonate groups than 

in the control group. Also, DMY in T2 which 

received 3% of NaHCO3 was significantly (P<0.05) 

higher than in T1 that received 1.5%. Milk fat (%) 

was significantly (P<0.05) increased in the ewes of 

group fed 3% of NaHCO3 than in the other groups. 

However, no significant differences were found 

among groups for milk constituents, total solid, 

lactose and protein. The increase of milk yield in 

ewes fed the diet containing the high rate of NaHCO3 

was due to the increased DM intake. Similar results 

were reported by Tucker et al. (1988) who found that 

the supplementation of a high level of NaHCO3 

improved the milk yield by lactating cows as 

compared with those fed a low level of NaHCO3. 

Also, Block (1994) found that high Na or K contents 

from sodium or potassium bicarbonate increased milk 

production by lactating cows. The improvement of 

milk fat in the group fed the high sodium bicarbonate 

diet may be due to the increase of ruminal pH, which 

changes the fermentation pattern in a good turn of 
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acetate and butyrate production (Kolver and Veth, 

2002) and consequently leads to an increase of the de 

novo fatty acid synthesis which represented for 60% 

of milk fat (Bauman and Davis, 1974) and hence 

increased milk fat content. Hu and Murphy (2005) 

found positive relationships between milk fat and 

molar proportion of acetate. These findings are 

supported by Roche et al. (2005) who reported an 

increased milk fat when sodium bicarbonate was 

added to the diet. Sarwar et al. (2007b) found a linear 

increase in milk yield and milk fat % with increasing 

sodium bicarbonate levels. Similarly, Wittayakun et 

al. (2015) found that the daily milk yield was 

improved by cows supplemented with NaHCO3 and 

CaCO3. However, the constituents of milk including 

fat, protein, lactose, solids not fat and total solids 

were not affected.  

 

 

Table 3. Effect of sodium bicarbonate supplement to ewe's ration on milk yield (g /day) and its 

composition (% ) 

Item 
Treatment 

P- value 
Control T1 T2 

Milk yield 280
c
± 8.97 379

b
 ± 18.71 489.44

a
 ± 13.00 0.001 

Total solids  11.52 ± 0.22 11.75 ± 0.21 11.58 ± 0.19 0.716 

Lactose 6.2 ± 0.09 6.16 ± 0.08 6.14 ± 0.08 0.863 

Fat 6.08
b
 ± 0.11 6.28

b
 ± 0.08 6.99

a
 ± 0.16 0.001 

Protein 4.0 ± 0.15 4.17 ± 0.09 4.22 ± 0.12 0.430 
  a, b,c  Means of the same row  in each item with different superscripts are significantly  different (P<0.05). 

T1: ewes received 1.5% sodium bicarbonate, T2: ewes received 3% sodium bicarbonate 
 

Blood metabolites: 

 The data of serum parameters are summarized in 

Table (4). The addition of sodium bicarbonate to 

ewes rations significantly (P<0.05) increased serum 

pH and cholesterol as compared with control group. 

However, no significant differences were observed 

among all groups for total proteins, glucose, ALT and 

AST which indicate no deleterious effect due to 

NaHCO3 supplement on liver metabolism. Erdman et 

al. (1982) attributed the changes in blood acid-base 

status to several factors like secretion of bicarbonate 

in saliva, abomasal acid secretion, and varied rates of 

acid utilization and absorption from the rumen. The 

present results agree with those of Sarwaret al. 

(2007a) who found a significant increase in blood pH 

and serum bicarbonate with increasing NaHCO3 

levels of the diet and attributed this to the gradual 

increase of sodium intake. Leanna (2002) found that 

the blood protein was not affected by diet or free-

choice options of sodium bicarbonate.  

 

 

Table 4. Effect of sodium bicarbonate supplement to ewe's ration on some blood parameters 

Item 
Treatment 

P- value 
Control T1 T2 

Total protein,  g/dl 6.85 ± 0.15 7.15 ± 0.23 7.2± 0.24 0.381 

Glucose,  mg/dl 68.11± 1.28 69.5 ± 0.26 70.09 ± 1.94 0.581 

Cholesterol,  mg/dl 117.3
b
 ± 0.63 120.5

b
 ± 0.81 134.42

a
 ± 3.34 0.001 

pH 6.41
b
 ± 0.11 7.15

a
 ±  0.6 7.26

a
 ± 0.02 0.001 

ALT,U/L 26.76 ± 1.25 22.63 ± 1.11 26.38 ± 1.58 0.083 

AST,U/L 57.32 ± 1.59 58.39 ± 1.11 61.15 ± 1.73 0.209 
a, b,c  Means of the same row  in each item with different superscripts are significantly  different (P<0.05). 

T1: ewes received 1.5% sodium bicarbonate, T2: ewes received 3% sodium bicarbonate 
 

Digestibility: 

 The effects of supplemented sodium bicarbonate 

on nutrients digestibility are shown in Table (5). The 

organic matter, crude protein and crude fiber 

digestibility coefficients  were improved (P<0.05) for 

rams supplemented with 1.5 and 3% sodium 

bicarbonate compared with the control group. 

Likewise,  dietary supplement of 3% NaHCO3  had a 

significant (P<0.05)  effect on the digestibility of DM 

and EE by  rams as compared with those fed the diet 

supplemented with 1.5 % NaHCO3 or the diet with 

no supplement (control group). The improvement in 

nutrients digestibility with sodium bicarbonate 

supplement to ram's ration may be due to the increase 

of the total number of ciliate protozoa as well as 

cellulolytic bacteria (Koul et al., 1998 and Santra et 

al., 2003). This would have contributed to better fiber 

(cellulose) digestibility in the rumen. Santra et al. 

(2003) observed that the number of total protozoa 

was higher (P<0.01) in the rumen of groups fed 

rations with high level of sodium bicarbonate (2.25 

and 1.5%) than that fed rations with a lower level 

(0.75%) of NaHCO3.These results are supported by 

the results of Santra et al. (2003) who found that the 

digestibility of organic matter, crude protein and 

gross energy were not affected with increasing the 

level of sodium bicarbonate in rations. However, 

Phillip (1983) reported that the digestibility of 

organic matter and DM was unaffected by the 

inclusion of NaHCO3 at a rate of 3% of the diet DM, 

but digestibility of nitrogen tended to increase due to 

treatment. 
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Table 5. Effect of sodium bicarbonate supplement to ram's ration on nutrient digestibility, %  

Item 
Treatment 

P- value 
Control T1 T2 

Dry matter, DM 75.6
b
 ± 0.58 76.44

b
 ± 0.47 78.85

a
 ± 0.64 0.003 

Organic matter, OM 76.3
b
 ± 0.57 78.76

a
 ± 0.64 79.2

a
 ± 0.61 0.009 

Crude protein, CP 70.5
b
 ± 0.87 74.94

a
 ± 0.95 76.6

a
 ± 0.74 0.005 

Ether Extract, EE 66.11
b
 ± 0.39 67.06

b
 ± 0.79 69.7

a
 ± 0.62 0.003 

Crude fiber, CF 53.6
b
 ± 0.89 58.18

a
 ± 1.36 60.91

a
 ± 1.50 0.003 

Nitrogen free extract, NFE 79.38± 1.17 80.02 ± 1.07 79.89 ± 1.68 0.938 
a, b  Means of the same row  in each item with different superscripts are significantly  different (P<0.05). 

T1: ewes received 1.5% sodium bicarbonate, T2: ewes received 3% sodium bicarbonate 
 

Rumen fermentation indices: 

 Supplementation of sodium bicarbonate at a level 

of 1.5 and 3% of the concentrate diets increased 

(P<0.05) ruminal pH values, concentrations of total 

VFAs  and total protozoa count as compared with the 

control diet (Table 6). Moreover, the group receiving 

3% NaHCO3 had significantly higher (P<0.05) 

ruminal pH and total VFAsthan that receiving 1.5% 

NaHCO3. The concentration of rumen ammonia 

nitrogen in the present study did not differ among the 

groups. However, the concentration of rumen 

ammonia tended to be lower with supplementing 

NaHCO3 to rations. Erdman (1988) hypothesized that 

rumen buffering decrease the existence of acidity 

produced by volatile fatty acids production in rumen 

and improves systemic acid base status. The same 

author in a previous study, Erdman et al. (1982) 

found that supplementing 1% NaHCO3 increased 

rumen pH from 6.13 to 6.43 in early postpartum 

cows receiving similar diets. The addition of 

NaHCO3 increases ruminal pH in lactating cows 

(Clayton et al., 1999), buffaloes (Koul et al., 1998) 

and goats (Cetinkaya and Unal, 1992). The 

supplementation of higher levels of NaHCO3 

increases the total VFAs concentration in the rumen 

of rams as a result of an increased ruminal microbial 

activity (Santra et al., 2003). The same author also 

reported that ruminal pH and total TVFA increased 

(P<0.05) with increasing levels of dietary sodium 

bicarbonate in the diets. While, ammonia nitrogen 

concentration was decreased (P < 0.01) due to the 

supplement of sodium bicarbonate to the diet of 

lambs. Wittayakun et al. (2015) found that 

supplementation of NaHCO3 had an effect on 

osmolality and pH in the rumen. Phillip (1983) found 

that rumen ammonia concentration tended to 

decrease with the addition of NaHCO3. Similarly, 

Harrison and McAllan (1980) reported that sodium 

bicarbonate improved the efficiency of synthesis of 

microbial protein from ammonia and reduced the 

level of rumen ammonia through an increased rate of 

absorption because of the higher rumen pH by 

NaHCO3. The higher total protozoal count in the 

present study is confirmed by Santra et al. (2003) 

who observed that the number of total protozoa was 

higher (P<0.01) in the rumen of the groups fed 

rations containing sodium bicarbonate than those fed 

the control diet. On the other hand, Askar et al. 

(2011) found that ruminal pH and ammonia 

concentration were not affected by dietary sodium 

bicarbonate (1.5 %), but the total concentration of 

volatile fatty acids tended to increase with buffer 

supplementation.  

 

Table 6. Effect of sodium bicarbonate supplement to ram's ration on rumen parameters 

Item 
Treatment 

P-value 
Control T1 T2 

pH 5.52
c
± 0.14 6.30

b
± 0.15 6.91

a
± 0.16 0.001 

Ammonia,  mg/100 ml 12.99 ± 0.04 12.64 ± 0. 75 11.73 ± 0.50 0.302 

TVFA,  mmol/100 ml 7.52
c
± 0.25 8.68

b
± 0.28 11.00

a
± 0.39 0.001 

Total protozoa count,  ×10
6
/ml 3.27

b
± 0.19 4.40

a
± 0.21 4.69

a
± 0.17 0.001 

  a, b,c  Means of the same row  in each item with different superscripts are significantly  different (P<0.05). 

T1: ewes received 1.5% sodium bicarbonate, T2: ewes received 3% sodium bicarbonate 

 

CONCLUSION 

 

 It is concluded that sodium bicarbonate 

supplement in concentrate diet of ewes improve dry 

matter intake, milk yield and milk fat (%). Also, 

addition of sodium bicarbonate to rams rations 

modifies rumen fermentation and improve nutrients 

digestibility. 
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 الكزش وخصائص الذم فى االغنامتأثيز اضافو بيكزبونات الصوديوم على ىضن العناصز الغذائيو ، انتاج اللبن ، تخوزات 
 

هحسن هحوذ فزغلى
1

، اكزاهى حاهذ حسن
2

صابز جوعو عبذه،
2 

 

 قسن االنتاج الحيوانى، كليو الشراعة، جاهعو االسىز فزع أسيوط -2قسن االنتاج الحيوانى، كليو الشراعة، جاهعو أسيوط،  -1
 

انصىديىو  كًعادل نهحًىظه انً عالئق انُعاج وانكباش عهً  انغذاء انًاكىل، اخزيت هذة انذراسه نتقييى تاثز اظافه يستىييٍ يٍ بيكزبىَات  

يحصىل انهبٍ، يكىَات انهبٍ، هعى انعُاصز انغذائيه ، تخًزات انكزش و بعط خصائص  سيزو انذو  . استخذو سبعه وعشزوٌ يٍ انُعاج  

يٍ  21ج فً انًدًىعه(. ايعا تى اخزاء ثالثه تدارب هعى استخذو نها َعا 9انُاظده انًحهيه  تى تقسيًها بصىرة عشىائيه انً ثالثه يداييع  )

كباش بكم يدًىعه(. كم تدزبه استًزت نًذة ثالث اسابيع  اسبىعيٍ  يُها  4انكباش انُاظده تى تىسيعها بصىرة عشىائيه عهً ثالث يداييع )

َت عبارة عٍ يدًىعه انًقارَه انتً تى تغذيتها عهً  عهيقه يكىَه يٍ كًزحهه تًهيذيه يتبعها اسبىع ندًع انعيُات. يداييع انُعاج او انكباش كا

ُات انًخهىغ انًزكش وتبٍ انقًح  بذوٌ اظافه بيكزبىَات انصىديىو فً حيٍ يداييع انًعايهه تى تغذيتها عهً عهيقه انًقارَه يع اظافه بيكزوب

% انً انًعايهه انثاَيه. سبعىٌ فً انًائه يٍ احتياخاتها  تى تغطيتها يٍ 3% انً انًعايهه االونً و 2.5انصىديىو انً انًخهىغ  انًزكشة بًعذل 

% ادي انً سيادة  يعُىيه يٍ انًاكىل يٍ انًادة 3% و 2.5انًخهىغ انًزكش بيًُا قذو تبٍ انقًح حتً انشبع. اظافه بيكزبىَات انصىديىو بًعذل 

% يٍ  3عُىيا يحصىل انهبٍ. َسبه انذهٍ فً انهبٍ تحسُت  يعُىيا يع اظافه انخشُه وانغذاء انكهً انًأكىل . بيكزبىَات انصىديىو سادت ي

% ادي انً سيادة  يعُىيه فً درخه انحًىظه فً 3% و 2.5بيكزوبُات انصىديىو يقارَه ببقيه انًداييع. اظافه بيكزوبىَات انصىديىو بًعذل 

يٍ انخاو واالنياف انخاو تحسٍ بصىرة يعُىيه يع اظافه اظافه بيكزوبىَات سيزو انذو وانكىنيستزول. يعايم هعى كم يٍ انًادة انععىيه وانبزوت

%  يقارَه بًدًىعه انًقارَه. اظافه بيكزوبىَات انصىديىو انً عالئق انكباش ادت انً سيادة يعُىيه فً درخه 3% و 2.5انصىديىو بًعذل 

انكهً فً انكزش بانًقارَه بًدًىعه انًقارَه.بيًُا تزكيش االيىَيا فً  انحًىظه فً انكزش و تزكيش االحًاض انذهُيه انطيارة و عذد انبزوتىسوا

% انً انًخهىغ انًزكش حسٍ يٍ انغذاء انكهً انًأكهىل ، 3انكزش نى يتاثز. َستُح يٍ هذة انذراسه اٌ اظافه بيكزبىَات انصىديىو خاصه بتزكيش 

 خًزات انكزش فً االغُاو .يحصىل انهبٍ ، َسبه انذهٍ فً انهبٍ ، هعى انعُاصز انغذائيه وت
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SUMMARY  

 
 The current study was carried out to study the effect of different bedding materials (sand, rice straw and 

wood shavings) on carcass characteristics, meat cuts and meat quality of Saidi lambs under upper Egypt 

condition. Eighteen lambs with 26±0.17 kg average body weight and approximately at 6 -months of age, fed ad. 

libitum with concentrate, were assigned to three groups of bedding in individual pens in replicates of six lambs 

each, for five months. Body measurements were taken once three days before slaughter using measuring tape 

and ruler. At the end of the experiment period (152 days), twelve lambs (4 from each treatment), were 

slaughtered, skinned and carcasses were prepared. Weight of non-carcass components, internal organs, fat 

stores, carcass parts and retail cuts were recorded. Semimembranosus (SM), longissimus dorsi (LD) and 

supraspinatus (SP) were dissected, weighted and used for meat chemical analyses and quality trats. Lambs 

reared on sand bedding had significant (P<0.05) higher final body weight, round circumstances and pelvis 

width P<0.05. Moreover, lambs bedded with sand have higher (P<0.05) liver weight and tests weight and 

kidneys fat weight (P<0.05) compared with the other two groups. In addition, lambs in sand bedding gro up had 

significantly P<0.01 higher hot carcass weight, left side weight, right side weight, the fore carcass’s quarters 

weights and dressing percentage compared with rice straw and wood shavings bedding groups. Also, lambs 

reared on sand bedding had significantly higher (P<0.05) shoulder, brisket, rack, flank, loin, loin percent and 

round weight than those bedded with rice straw or wood shavings. It may be concluded that, sand bedding tends 

to improve meat chemical analysis and meat quality.  

 
Keywords: 

 

INTRODUCTION  

 

 In upper Egypt region, the high temperature in 

summer and low temperature in winter, enforce most 

of the lambs to be kept in covered or open-sided 

feedlot. Different types of the floor are used in those 

pens which vary from concrete, dirt or even sand. 

Mostly, sawdust, rice straw, wood shavings,  and 

sand are the common beddings materials used in 

sheep industry (Hussein, 2018). Straw is an 

agricultural by-product and widely used as bedding 

materials (Ericsson and Nilsson, 2006) besides their 

role in providing warm, insulation and comfort 

(Tuyttens, 2005, Norring et al., 2010). The use of rice 

straw bedding materials may provide a source of feed 

which decrease the utilization of high concentrate 

diets (Fluharty et al., 1999) and consequently affect 

animals performance.  On the other hand, sand is 

inorganic bedding material that provides comfort by 

conducting the heat away from animals body and its 

soft surface for laying (Bewley et al., 2001). In 

addition, sand has a suppressive effect on the 

bacterial population in bedding (Hogan et al., 1989, 

Bernard et al., 2003, Kristula et al., 2005). 

Consequently, by the suppression of bacterial growth, 

using sand as bedding materials may improve 

animals’ health and performance. Although wood 

shavings is an organic material that can be used as 

bedding material for animals, it also like sand has a 

suppressive effect on bacterial population growth. 

Moreover, wood shavings contain unique organic 

chemicals such as organic acids, resins, tannins, 

phenols, and turpentine which work as natural 

antibacterial (Allison and Anderson, 1951). 

Therefore, choosing the ideal bedding material 

depend on the balance between animal welfare and 

economic efficiency.   Many studies have proved that 

different bedding material affected growing animal 

performance in terms of feed intake, feed conversion, 

body weight and daily gain (Wolf et al., 2010, 

Panivivat et al., 2004). Moreover, other studies found 

using different bedding materials can alter carcass 

characteristics and meat quality of animals (Teixeira 

et al., 2015). The aim of the current experiment is to 

compare the effect of three different bedding 

materials one of them is inorganic (sand) and two are 

organic materials (rice straw and wood shavings) on 

the carcass characteristics and meat quality of 

Egyptian Saidi lambs. 

    

MATERIALS AND METHODS 
 

Animals and treatments: 

 The animals and treatments are the same as 

shown in Hussein (2018). Briefly, eighteen Saidi 

male lambs with 26±0.17 kg average body weight 

and at approximately 6-months of age were fasted, 

weighed and blocked in descending order of weight. 

Lambs in each block were randomly allocated to one 

of the three treatment groups (rice straw, sand or 



Hussein 80 

wood shavings). Therefore, each treatment contained 

lambs that covered the full range of weights 

available, with six replicates each, in Randomized 

Complete Block Design (RCBD). Rice straw group 

was used as a control group, while the sand and wood 

shaving groups were investigated as alternative 

bedding materials. All lambs were housed in 

individual pens of 2.42 m2 bedded with one of the 

three bedding materials treatments. At the beginning, 

the bedding materials were initially laid to a depth of 

approximately 10 cm and then, were visually added 

weekly to each pen to maintain the desired depth of 

bedding materials. Moreover, the bedding materials 

in each pen were replaced with fresh one monthly 

(every 30 days). Wheat straw, concentrates mixture 

and water were supplied ad-libitum in buckets for 

each lamb. The ingredients of the concentrate 

mixture is as reported by Hussein (2018).  

 
Body measurements: 

 Body measurements were taken once three days 

before slaughter using measuring tape and ruler. The 

body measurements were taken according to Yakubu 

(2013). Body measurements included, heart girth 

(HG), height at withers (HW), Chest depth (CD), 

body length (BL), Chest width (CW), Round 

circumference (RC), Paunch girth (PG), and Pelvis 

width (PW).  

 
Slaughter, carcass characteristics and meat quality: 

 At the end of the experiment period (152 days ), 

twelve  lambs (4 from each treatment), were chosen 

according to their body weight to represent the mean 

final weight of each group.  Before slaughter lambs 

were   fasted from feeding for 14 h with free access 

to water. The lambs were weighed directly before and 

after slaughter. 

 The slaughtering process was done in the 

experimental abattoir by Islamic method of 

slaughtering animals (Halal). Where, by a very sharp 

knife a deep cut done instantaneously and quickly to 

the blood vessels of the neck (the two carotid arteries 

and the two jugular veins), the trachea and the 

esophagus but the central nervous system (the spinal 

cord) kept safe and intact. After slaughter, head, fore 

and hind feets were removed. Thereafter, the animals 

were skinned. Immediately, after skinning, each 

carcass was dressed, hot carcass and offal external 

components (skin, fore and hind feet and head) were 

weighed and recorded. Dressing percentage was 

calculated using hot carcass weight with respect to 

pre-slaughter live body weight.  Moreover, internal 

organs include spleen, liver, lungs, heart, kidneys, 

rumen, intestine, and testes were weighed and 

recorded. Omental fat, mesenteric fat, kidney fat and 

pelvic fat were separated and weighed. Dressed 

carcass was separated into right and left sides, both 

sides were weighted. Carcass measurements were 

taken from the left side according  to  Abd-Alla 

(2014).  Carcass measurements were carcass length, 

carcass depth at 3
th

 and 7
th

 rib, leg Length, leg 

circumference, loin length, and neck length. 

Subsequently, both right and left sides were separated 

to fore and hind quarters at 13
th

 rib, the four quarters 

weights were recorded.   Thereafter, each half of each 

carcass was separated into seven cuts as Strydom et 

al. (2009). These carcass cuts were loin, shoulder, 

rack (ribs), brisket, round, neck and flank. 9
th

 to 11
th

 

ribs section was separated from rack in left side of 

the carcass following the procedure described by 

Morais et al. (2016). The section was weighted and 

separated to its components (muscle, fat and bone), 

thereafter the components were weighed and the 

percent of each component was calculated with 

respect to the whole section weight. Three major 

muscles, semimembranosus(SM), longissimus dorsi 

(LD) and supraspinatus (SP) were dissected and 

weighted. The three muscles were used as a sample 

for performing some meat quality testes (pH, water 

holding capacity and cooking loose) and chemical 

analysis (moisture, dry matter, ash, protein and fat). 

The pH was measured by direct probe of pH meter 

(SCHOTT L 6880, Lab Star pH) applied on freshly 

cut surfaces of the three (LD, SM and SP) muscles. 

The meat samples from the three muscles LD, SM, 

and SP were weighed and cooked, in a water bath at 

90 C°, until the internal temperature reached 70 C°  

and left for one hour and weighed again to calculate 

cooking loss as described by Macit et al. (2003). 

Water holding capacity (WHC) was determined using 

filter paper pressing technique (Trout, 1988). For the 

chemical analysis, 150 grams minced meat were 

taken from each muscle for determining moisture, 

protein, ash and chemical fat following AOAC,2000 

procedure. 

       
Statistical analysis: 

 All collected data were analyzed using the 

Statistical Analyses System (SAS, 2013, version 9.4, 

SAS Institute Inc., Cary, NC, USA). The current 

study was designed as one-way RCBD with three 

treatments and sex blocks according to the following 

model for all data; 

 

Where  = the observation, µ = overall mean, 

 = effect of the I
th

  treatment,  = effect of the 

 th
  block,   = the effect of the error related to 

individual observation.  Before analysis normality 

test was proceeded by examination of normal 

distribution plots. All data passed the test and no data 

transformations were needed. comparisons between 

the different treatments were done using the Duncan 

Multiple Range Test (Duncan, 1955).  

 

RESULTS.  

   
Final body weight and pre-slaughtering body 

measurements:  

 Final body weight and pre-slaughtering body 

measurements are shown in Table 1. Lambs reared 

on sand bedding had significantly (P<0.05) higher 

final body weight, round circumstances and pelvis 
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width compared with those reared-on rice straw or 

wood shavings beddings. On the other hand, there 

were no differences between the three bedding 

groups on the other body measurements (body length, 

height at withers, heart girth, Chest depth, Chest 

width, and Paunch girth). Moreover, both lambs 

bedded with rice straw and wood shavings have 

similar final body weight, round circumstances and 

pelvis width.    

 

Table 1. Final body weight and body measurements of lambs as affected by bedding type 

 Sand Rice straw wood shavings 

Initial body weight (kg) 26.42 ± 1.01 26.40 ± 1.54 26.40 ± 1.17 

Final body weight (kg). 52.14 ± 0.69
 a

 43.97 ± 2.84
b
 42.96 ± 1.10

b
 

body length (cm). 73.01 ± 0.11 71.56 ± 0.70 71.76 ± 0.33 

height at withers (HW) 72.84 ± 0.09 72.22 ± 0.29 72.25 ± 0.14 

heart girth (HG) 89.32 ± 0.35 87.87 ± 0.70 87.80 ± 0.21 

Chest depth (CD) 38.65 ± 0.20 38.03 ± 0.31 37.93 ± 0.14 

Chest width (CW) 24.00 ± 0.16 23.38 ± 0.31 23.40 ± 0.16 

Round circumference (RC) 43.03 ± 0.09
a
 42.43 ± 0.24

b
 42.38 ± 0.13

b
 

Paunch girth (PG) 94.88 ± 0.23 92.70 ± 1.20 93.38 ± 0.49 

Pelvis width (PW) 20.58 ± 0.09
a
 20.23 ± 0.17

ab
 20.18 ± 0.06

b
 

Different letters (a, b, c) represent significant (P<0.05) differences among treatments. 
 

Slaughter by products, internal organs and fat 

stores: 

 Head, feet and pelt weight are shown in Table 2. 

Head and feet weight did not affect by bedding type 

material. Moreover, the three groups had similar head 

and feet weight. In contrast, lambs bedded with sand 

had significant higher (P<0.05) belt weight compared 

with the other two groups, no difference in belt 

weight was found between lambs bedded with rice 

straw or wood shavings. Internal organs weight also, 

are affected by bedding material type (Table 2). In 

addition, lambs bedded with sand had higher internal 

organs weight compared with the other two groups. 

The differences were significant (P<0.05) only in 

case of liver weight and testes weight. On the other 

hand, kidneys weight was similar in the three groups. 

Rice straw group had remarkable significant (P<0.05) 

lower testes weight compared with the other two 

groups.  

 
 

Table 2. Slaughter by products, internal organs and fat stores of lambs as affected by bedding type 

 Sand Rice straw wood shavings 

Head weight (kg) 2.91 ±0.16 2.96 ± 0.23 2.81 ± 0.28 

Feet weight (kg) 1.05 ± 0.06 1.06 ± 0.12 1.01 ± 0.06 

Pelt weight (kg) 4.13 ± 0.30
 a

 3.13 ± 0.25
 b

 3.11 ± 0.31
 b

 

Spleen weight (g) 69.26 ± 9.81 62.57 ± 8.84 54.56 ± 0.85 

Liver weight (g) 657.15 ± 40.77
 a

 486.41 ± 27.36
 b

 427.85 ± 18.69
 b

 

Lungs weight (g) 571.52 ± 43.37 552.37 ± 63.71 489.29 ± 22.79 

Heart weight (g) 241.36 ± 19.73 209.71 ± 17.95 204.12 ± 3.98 

Kidneys weight (g) 129.09 ± 7.54 129.29 ± 20.92 130.44 ± 9.98 

Rumen weight (kg) 1.53 ± 0.16 1.36 ± 0.09 1.42 ± 0.12 

Intestine weight (kg) 1.49 ± 0.17 1.33 ± 0.10 1.41 ± 0.17 

Testes weight (g) 445.80 ± 56.86
 a

 298.18 ± 32.72
 b

 418.56 ± 51.38
 a

 

Kidneys fat weight (g) 147.22 ± 28.09
 a

 64.55 ± 12.56
 b

 87.31 ± 27.24
 ab

 

Caul fat (g) 

 

391.06 ± 71.72 155.99 ± 53.05 272.28 ± 100.03 

Omental fat (g) 268.40 ± 77.37 243.82 ± 26.65 270.67 ± 38.82 

Tail fat weight (kg) 3.32 ± 0.77 2.35 ± 0.58 2.28 ± 0.49 
Different letters (a, b, c) represent significant (P<0.05) differences among treatments. 
 

 Fat stores are represented in Table 2. Sand bedded 

lambs had higher kidneys fat, caul fat omental fat and 

tail fat than rice straw and wood shavings bedded 

lambs. In addition, rice straw bedded lambs had the 

lowest fats weight. While, wood shavings bedded 

lambs had intermediate fats weight. The only 

significant (P<0.05) value was in kidneys fat weight. 

In contrast, no significant differences in fat stores 

weight between lambs bedded with rice straw or 

wood shavings. 
 

Carcass weight, carcass parts weight and percent 

and carcass measurements: 

 Hot carcass weight, dressing percentage, carcass 

parts and carcass measurements are shown in Table 

3. Lambs in sand bedding group had significant 

(P<0.01) higher hot carcass weight, left side weight, 

right side weight, the fore carcass’s quarters weights 

and dressing percentage compared with rice straw 

and wood shavings bedding groups. On the other 

hand, no differences were found between rice straw 

and wood shavings groups for hot carcass, dressing 

percentage or carcass parts. For carcass 

measurements only, internal carcass length and 

buttock circumference over tail were significantly 

P<0.05 affected by bedding materials. Moreover, the 

sand bedded group had higher internal carcass length 

and buttock circumference over tail than rice straw 

bedding and wood shavings bedded groups. On the 
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other hand, both rice straw and wood shavings 

groups had similar internal carcass length and 

buttock circumference over tail.  
 

 

Table 3. Carcass weight, carcass parts weight and percent and carcass measurements of lambs as affected 

by bedding type 

 Sand Rice straw wood shavings 

Hot carcass weight (kg). 24.94 ± 0.47
 a

 19.26 ± 1.28
b
 18.40 ± 0.63

b
 

Dressing percentage (%) 47.87 ± 1.24
 a

 43.80 ± 0.50
b
 42.80 ± 0.39

b
 

Right Side weight (kg). 12.27 ± 0.31
 a

 9.37 ± 0.54
b
 9.15 ± 0.30

b
 

Left Side weight (kg). 12.67 ±0.17
 a

 9.89 ± 0.75
b
 9.25 ± 0.34

b
 

Left hind quarter weight (kg).  6.08 ± 0.20
 a

 4.68 ± 0.38
b
 4.30 ± 0.11

b
 

Left fore quarter weight (kg). 6.59 ± 0.11
 a

 5.21 ± 0.37
b
 4.94 ± 0.26

b
 

Right hind quarter weight (kg).  5.86 ± 0.25
 a

 4.41 ± 0.28
b
 4.25 ± 0.10

b
 

Right fore quarter weight (kg). 6.41 ± 0.14
 a

 4.96 ± 0.26
b
 4.90 ± 0.24

b
 

Right Side %. 49.19 ± 0.33 48.73 ± 0.60 49.74 ± 0.28 

Left Side %.). 50.81 ± 0.33 51.27 ± 0.60 50.26 ± 0.28 

Left hind quarter %. 24.35 ± 0.48 24.25 ± 0.42 23.43 ± 0.59 

Left fore quarter %. 26.46 ± 0.65 27.07 ± 0.26 26.83 ± 0.53 

Right hind quarter %. 23.48 ± 0.63 22.90 ± 0.25 23.15 ± 0.49 

Right fore quarter %. 25.71 ± 0.47 25.83 ± 0.44 26.59 ± 0.59 

Carcass length 127.25 ± 2.29 121.75 ± 2.15 121.50 ± 1.19 

Internal carcass length 73.88 ± 1.13
a
 68.50 ± 5.61

 b
 67.63 ± 1.55

 b
 

Carcass depth  29.25 ± 0.63 28.25 ± 0.97 27.63 ± 0.80 

Leg length 41.25 ± 1.31 40.75 ± 0.25 40.75 ± 1.11 

Leg circumference at 50% of length 22.88 ± 1.01 23.50 ± 0.29 21.88 ± 0.75 

Lumber region length 24.50 ± 0.94 24.38 ± 0.94 24.75 ± 0.88 

Neck length 26.25 ± 0.25 24.50 ± 0.79 24.88 ± 0.72 

Buttock circumference over tail 46.50 ± 2.01
a
 43.00 ± 1.59

 b
 42.63 ± 2.01

 b
 

Leg circumference under tail 41.25 ± 1.93 41.63 ± 1.60 38.75 ± 1.31 
Different letters (a, b, c) represent significant (P<0.05) differences among treatments. 
 

Meat cuts and meat cuts percent: 

 Meat cuts and their relative percentages in respect 

to hot carcass are showed in Table 4.  Lambs reared 

on sand bedding had significant higher (P<0.05) 

shoulder, brisket, rack, flank, loin and round weight 

than those bedded with rice straw or wood shavings. 

No significant differences were found between the 

rice straw and wood shavings in meat cuts weight. 

For the neck weight the only significant difference 

was between sand group and wood shavings group. 

The percent of each cut was calculated in respect to 

the left side and statistically analyzed. The significant 

difference (P<0.05) was only obtained in loin 

percent. Lambs bedded with sand had higher loin 

percent compare with wood shavings bedded lambs, 

no difference between the two other groups. 
 

 

Table 4. Meat cuts and meat cuts percent of lambs as affected by bedding type 

 Meat cuts  Sand Straw Wood shavings 

Shoulder weight (kg). 2.41 ± 0.04
 a

 1.93 ± 0.14
b
 1.78 ± 0.10

b
 

Brisket weight (kg). 1.06 ± 0.06
 a

 0.83 ± 0.05
b
 0.84 ± 0.02

b
 

Neck weight (kg). 1.29 ± 0.05
 a

 1.05 ± 0.10
ab

 1.01 ± 0.08
b
 

Rack (rips)  1.84 ± 0.09
 a

 1.4 ± 0.10
 b

 1.32 ± 0.06
 b

 

Flank weight (kg). 0.36 ± 0.03
 a

 0.23 ± 0.03
b
 0.25 ± 0.01

b
 

Loin weight (kg). 1.58 ± 0.05
 a

 1.11 ± 0.06
b
 1.01 ± 0.04

b
 

Round weight (kg). 4.13 ± 0.14
 a

 3.35 ± 0.32
b
 3.05 ± 0.09

b
 

Shoulder %. 18.97 ± 0.56 19.54 ± 0.19 19.26 ± 0.42 

Brisket %. 8.38 ± 0.35 8.47 ± 0.45 9.08 ± 0.11 

Neck %. 10.20 ± 0.53 10.53 ± 0.47 10.87 ± 0.50 

Rack (ribs) % 14.50 ± 0.66 14.16 ± 0.31 14.18 ± 0.33 

Flank %. 2.87 ± 0.17 2.27 ± 0.16 2.68 ± 0.20 

Loin %. 12.47 ± 0.38
 a

 11.27 ± 0.53
 ab

 10.91 ± 0.20
 b

 

Round %. 32.61 ± 0.76 33.76 ± 0.71
 
 33.02 ± 0.96 

Different letters (a, b, c) represent significant (P<0.05) differences among treatments. 

 

Best rib weight, its component weight and percent 

and individual muscles weight: 

 Best rib is the carcass’s cut of 9
th

 to 11
th

 rib. It is 

used as an indicator to meat, fat and bone percent in 

hall carcass. The best rib weight and its meat and fat 

was significantly (P<0.05) higher in lambs bedded 

with sand than those bedded with rice straw or wood 

shavings (Table 5). No differences were found in 
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bone weight. Best neck components percent of meat 

and fat had a different response to the bedding 

material’s type. Where, lambs bedded with sand had 

significant (P<0.05) lower meat percent and higher 

(P<0.05) fat percent than rice straw bedded lambs. In 

contrast, no differences were found between wood 

shavings and the other two groups in best neck 

components percent. Moreover, lambs bedded with 

sand had a significant higher (P<0.05) Supraspinatus, 

Semimembranosus and Longissimus dorsi muscles 

weight than the other two groups (Table 5). On the 

other hand, no differences were found in individual 

muscles weight between rice straw bedded lambs and 

wood shavings bedded lambs. 

 

 

Table 5. Best rib weight, its component weight and percent and individual muscles weight of lambs as 

affected by bedding type 

 Sand Rice straw wood shavings 

Best Rib weight (g). 539.73 ± 48.53
 a

 340.97 ± 28.64
b
 360.31 ± 16.98

b
 

Best Rib meat weight (g). 299.84 ± 24.15
 a

 229.80 ± 21.20
b
 219.68 ± 8.40

b
 

Best Rib fat weight (g). 126.71 ± 27.03
 a

 37.30 ± 6.97
b
 54.07 ± 14.61

b
 

Best Rib bone weight (g). 113.18 ± 15.10 73.87 ± 12.34
 

86.56 ± 9.37 

Supraspinatus weight (g). 155.42 ± 3.95
 a

 136.05 ± 7.95
b
 126.76 ± 4.28

b
 

Semimembranosus weight (g). 153.47 ± 12.75
 a

 110.70 ± 9.82
b
 110.84 ± 5.62

b
 

Longissimus Dorsi weight (g). 108.00 ± 16.40
 a

 85.26 ± 11.93
b
 83.01 ± 1.83

b
 

Best Rib meat %. 55.75 ± 1.77
 b

 67.35 ± 2.15
 a

 61.15 ± 2.15
 ab

 

Best Rib fat %. 23.19 ± 3.60
 a

 11.25 ± 2.40
 b

 14.60 ± 3.42
 ab

 

Best Rib bone %. 21.06 ± 2.46 21.40 ± 2.02 24.25 ± 3.04 
Different letters (a, b, c) represent significant (P<0.05) differences among treatments. 

 

Chemical analysis and meat quality treats: 

 Meat chemical analysis, WHC, cooking loose and 

pH of LD, SM and SP muscles are shown in Table 6. 

Lambs bedded with sand tended to have lower 

moister content of their meat and consequently, 

higher DM in the different three muscles. The 

differences were significant (P<0.05) in case of LD 

muscle between sand bedded group and wood 

shavings group. One the other hand, the differences 

were not significant between the three groups in meat 

moisture and DM content in SM muscle. While, the 

chemical analysis of SP muscle showed a significant 

difference (P<0.05) between sand group and both rice 

straw and wood shavings group in moisture and DM 

percent.  In addition, Lambs bedded with sand had 

significant (P<0.05) higher protein percent in the 

three individual muscles LD, SM and SP. For SP and 

LD muscles the significant difference was between 

sand group and the other two groups. However, in 

SM muscle both sand bedded group and rice straw 

bedded group had significant higher protein percent 

than wood shavings bedded group. The only 

significant difference in fat percent (Table 6) was 

found in SP muscle. Moreover, lambs bedded with 

sand had significant (P<0.05) higher fat percent than 

wood shavings group.   

 

 

Table 6. Meat chemical analysis of lambs as affected by bedding type 
 Longissimus Dorsi muscle Semimembranosus muscle Supraspinatus muscle 

Sand Wood 
shavings 

Rice 
Straw 

Sand Wood 
shavings 

Rice 
Straw 

Sand Wood 
shavings 

Rice 
Straw 

Moisture % 72.73 ± 

 0.16
 b
 

74.62 ±  

0.39
 a
 

73.06 ± 

 0.77
 ab

 

73.16 ± 

 0.74 

75.47 ±  

1.20 

73.08 ± 

 0.11 

71.83 ± 

 0.45
 b
 

75.81 ± 

 0.66
a
 

74.34 ±  

0.36
a
 

Dray Mater %. 27.27 ± 
 0.16

 a
 

25.38 ±  
0.39

 b
 

26.94 ±  
0.77

 ab
 

26.84 ± 
 0.74 

24.53 ± 
 1.20 

26.92 ±  
0.11 

28.17 ±  
0.45

a
 

24.19 ± 
 0.66

 b
 

25.66 ± 
 0.36

 b
 

Protein %. 21.93 ± 
 0.41

 a
 

20.17 ± 
 0.48

 b
 

20.22 ±  
0.26

 b
 

19.73 ±  
0.76

a
 

18.18 ±  
0.16

 b
 

20.02 ±  
0.10

a
 

19.84 ± 
 0.42

a
 

18.30 ± 
 0.58

 b
 

18.96 ± 
 0.28

ab
 

Fat %. 3.87 ±  
0.45 

3.15 ± 
 0.42 

4.70 ± 
 0.52 

5.25 ±  
0.33 

4.01 ±  
0.95 

5.01 ±  
0.09 

6.67 ±  
0.65

a
 

4.19 ±  
0.37

 b
 

5.28 ±  
0.51

ab
 

Ash %. 0.98 ± 

 0.02 

0.91 ±  

0.04 

1.00 ±  

0.05 

0.96 ±  

0.03 

0.95 ±  

0.02 

0.94 ± 

 0.03 

0.89 ± 

 0.02 

0.93 ±  

0.03 

0.92 ± 

 0.01 

Carbohydrate %. 0.50 ± 

 0.06
 b
 

1.15 ± 

 0.24
 a
 

1.02 ± 

 0.09
 a
 

0.90 ±  

0.07
 b

 

1.40 ± 

 0.10
a
 

0.96 ±  

0.09
 b

 

0.77 ± 

 0.25 

0.78 ± 

 0.22 

0.51 ± 

 0.19 

WHC %. 
42.22 ±  
1.80

b
 

48.59 ±  
0.78

a
 

40.73±  
0.58

b 
42.20 ±  
2.39 

50.56 ± 
 4.15 

46.96 ±  
1.74 

41.69 ± 
 1.49 

46.00 ± 
2.55 

41.66 ±  
1.29 

Cooking loss%. 34.45 ±  
1.23

 ab
 

35.77 ±  
0.90

 a
 

32.10 ± 
 0.62

 b
 

38.13 ±  
0.13 

38.35 ±  
2.17 

38.77 ± 
 0.49 

36.33 ± 
 1.08 

34.46 ± 
 1.52 

36.62 ± 
 0.23 

pH 5.72 ±  
0.04 

5.87 ± 
 0.01 

5.71 ±  
0.03 

5.74 ±  
0.03 

5.82 ±  
0.04 

5.76 ± 
 0.06 

5.75 ± 
0.06 

5.87 ± 
 0.01 

5.73 ± 
 0.04 

Different letters (a, b, c) represent significant (P<0.05) differences among treatments. 
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 No significant differences were found among the 

three-experimental groups through the three analyzed 

muscles for ash percent. In contrast, lambs bedded 

with wood shavings had higher carbohydrates percent 

in the three analyzed muscles. For LD muscle, both 

wood shavings and rice straw groups had significant 

(P<0.05) higher carbohydrates percent than sand 

group. While, the carbohydrates percent was 

significant (P<0.05) higher in SM muscle for lambs 

bedded with wood shavings than those bedded with 

sand or rice straw. On the other hand, no significant 

differences were obtained between the three 

experimental groups in SP muscle for the 

carbohydrate percent. Water holding capacity, 

cooking loss and pH values as meat quality indicators 

are represents in Table 6.  The results showed that, 

lambs bedded with sand or rice straw had 

improvement in their meat WHC and cooking loss 

compared with those bedded with wood shavings. 

The improvement was only significant in case of LD 

muscle, no significant differences were recorded 

between sand bedded group and rice straw bedded 

group.  pH values for three muscles showed no 

differences between the three experimental groups.  
 

DISCUSSION  
 

Final body weight and body measurements:  

 The final body weight results, had been discussed 

in the first published part of the current experiment 

(Hussein, 2018). Briefly, the dramatic increase of 

lambs’ final body weight in sand group may be 

mainly due to two main reasons. Firstly, sand may be 

act through increasing lambs’ laying time. Secondly, 

sand may enhance body weight by decreasing 

bacterial growth in bedding.  

Many researches stated that sand bedding increases 

laying time(Cook, 2009, Teixeira et al., 2012).   

Because of increased laying times, several positive 

effects can be achieved on animal performance. 

Firstly, increased lying times increases rumination, 

which leads to enhance feed intake, improved 

digestion, and body weight (Robbins, 1983, 

Spalinger and C.T. Robbins, 1986, Van Soest, 1988, 

Maulfair et al., 2010).   Secondly, long laying time 

influence the level of several hormones. The two 

important hormones cortisol and growth hormone 

level are positively correlated with laying time. High 

cortisol level is associated with longer laying time, 

which in turn has the ability to counteract the 

negative effects of stress on animals (Drissler et al., 

2005). Moreover, higher level of growth hormone 

has been associated with long laying time and 

consequently, enhances body weight and general 

performance (Cook, 2009).  

Sand bedding material has negative effect on 

bacterial growth and population (Kristula et al., 

2005). Low bacterial population in animal’s bedding 

improve animal health and performance (Hogan et 

al., 1989). 

 The higher body measurements of lambs reared 

on sand bedding may be due to higher body weight 

(Table 1).  Many authers showed that there are 

significant correlations between body weight and 

body measurements. Fore example, Younas et al. 

(2013) found a positive significant correlation 

between body weight of Hissardale sheep and all 

body measurements.  Moreover, the authors reported 

that body measurement can be used for the estimation 

of body weight of animals when scales are not 

available. In addition, Abd-Alla (2014) found that 

fasted body weight of Barki lambs was 

positively correlated with paunch girth. 
 

Slaughter by products, internal organs and fat 

stores: 

 The significant increase of belt weight, kidneys 

weight, tests weight and kidney fat weight associated 

with sand bedding is  due to the higher body weight of 

lambs reared in sand bedding compared with those 

reard on rice straw or wood shavings beddings. 

Moreover, McCutcheon et al. (1993) found that there 

is a positive relationship between body weight and 

both non-carcass components and surface area in 

Romney rams. In the current study increased fat 

stores in lambs bedded with sand materials may be 

due to increased feed intake (Hussein, 2018). 

Moreover, Mahgoub et al. (2000) found that 

increased feed intake increases fat content of Omani 

lambs. In turn, higher carcass fat content of lambs 

reared in sand bedding can explain the higher 

dressing percentage of those lambs. Many authors 

(Karim et al., 2007, and Yalcintan et al., 2017) stated 

that higher fatness level in lambs consumed more 

feed and concomitant dressing percentage increase. 

In contrast to the current results,  Day et al. (2006) 

and Wolf et al. (2010) reported that bedding type did 

not affect dressing percentage. 
 

Carcass weight, carcass parts weight and percent 

and carcass measurements: 

 In the current study, the hot carcass weight and 

carcass parts weight even meat cuts weight 

differences reflect the body weight difference. In 

addition, lambs bedded with sand had higher final 

weight (table 1) so, their carcass weight, carcass parts 

weight and meat cuts were higher than the other two 

groups. Many authors (Cankaya et al., 2009, Cam et 

al., 2010) found that there was a very strong relation 

between body weight and carcass weight. Although, 

there were significant differences in hot carcass 

weight, carcass parts and meat cuts, the carcass parts 

percent and meat cuts percent were not affected by 

different bedding materials. This indicates sand as 

bedding material can increase the carcass weight but 

cannot change carcass composition.  
 

Chemical analysis and meat quality treats: 

 The improvement in chemical analysis and meat 

quality treats in the current study in sand group may 

be due to lambs comfort. In the published part of the 

current study (Hussein, 2018), it has been shown that 

lambs reared in sand bedding had significant lower 

serum cortisol concentration.  Cortisol level affect 
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carcass fat content, meatiness, and consequently 

carcass quality (Škrlep et al., 2009). Moreover, high 

cortisol level may affect post mortem proteolytic 

processes which in turn altered meat water holding 

capacity (WHC), flavor and tenderness (Ferguson 

and Warner, 2008). In contrast to our results, many 

authors (Ferguson and Warner, 2008, Teixeira et al., 

2012) reported that bedding material did not affect 

carcass quality. 

 

CONCLUSION 

 

 The current study proved that sand as bedding 

material for lambs is better than both rice straw and 

wood shavings. In upper Egypt, sand is available, and 

it is very cheap material. Moreover, it is comfortable, 

and animals stay long periods laying down. Besides, 

it offers low bacterial load compared with organic 

materials. For all those reasons sand bedding 

improves lambs feed intake and body weight which 

in turn produce a heavier carcass with better meat 

quality.  
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 هن الفزشه  ةنواع هختلفأهواصفات الذبيحه وخصائص لحوم خزاف الصعيدي الوزباه على 
 

 حسينهللا  أحود هحود عبد
 

 51717قسن االنتاج الحيوانً، كلية الزراعة، جاهعة أسيوط، اسيوط، هصز 

 

َشاسج انخشة( عهى يٕاصفاخ انزتٍحّ  –قش االسص  –اخشٌد انذساسح انحانٍح تغشض دساسح ذأثٍش ثالز إَاع يخرهفّ يٍ انفششّ )انشيهّ  

حًم صعٍذي )غزٌد حرى انشثع( ٔذى ذٕصٌعٓا عهً ثالز  81ٔخٕدج نحٕو خشاف انصعٍذي انًشتاِ ذحد ظشٔف خُٕب يصش. ذى اسرخذاو 

َشاسج انخشة( ٔاسرًشخ  –قش االسص  –حًالٌ ذى ذسكٍُٓا فشدٌا ٔيعايهرٓا تُٕع يخرهف يٍ انفششّ ) انشيهّ  6د عهى يدايٍع كم يدًٕعّ اشرًه

يٍ كم يدًٕعّ(  4حٍٕاٌ ) 81انردشتّ نفرشج خًس  شٕٓس. ذى اخز يقاٌٍس اندسى قثٍم َٓاٌح انردشتّ تثالثح اٌاو. ٔعُذ َٓاٌح انردشتّ ذى اخرٍاس 

ثاششج ذى سهخ انحٍٕاَاخ ٔذدٍٓض انزتٍحّ ٔذقسًٍٓا انى َصفٍٍ. ذى اخز قٍاساخ انزتٍحّ قثٍم عهى انُصف االٌسش ٔذى ذقسٍى كم ٔرتحٓى. تعذ انزتح ي

َصف انى ستعٍٍ أيايً ٔخهفً ذى ذسدٍم أصآَى َٔسثٓى. ذى ذقسٍى كم َصف انى سثع قطعٍاخ ذى ٔصَٓا ٔذقذٌش َسثرٓا. ذى اسرخشاج ثالز 

ٔذى ٔصَٓى ٔاسرخذايٓى فً ذقذٌش    Semimembranosus (SM), longissimus  dorsi (LD)   , supraspinatus (SP)عضالخ سئٍسٍّ  

ا ٔصٌ صفاخ خٕدج انزتٍحّ ٔانرحهٍم انكًٍائً نهحٕو.  ٔكاَد اْى انُرائح انرً ذى انحصٕل عهٍٓا اٌ انحٍٕاَاخ انًشتاِ عهى فششح انشيم كاٌ نٓ

تعط يقاٌٍس اندسى فً ذهك انخشاف كًقٍاسً يحٍط انخاصشِ ٔعشض يُطقح   (P<0.05)عهى صٌادج يًا اَعكس (P<0.05)َٓائً اعهى 

ٔصٌ تعط االعضاء انذاخهٍّ فً انحٍٕاَاخ انًشتاِ عهى فششح انشيم كانكثذ ٔانخصٍرٍٍ ٔكزنك ٔصٌ انذٍْ حٕل  (P<0.05)انحٕض. كًا صادخ 

ج انخشة. عالٔج عهى رنك فاٌ انحًالٌ انرً ستٍد عهى فششح انشيهّ كاَد نٓا أصاٌ رتٍحّ انكهٍّ يقاَح تانخشاف انًشتاِ عهى قش األسص  أ َشاس

عهى قشٌُاذٓا انًشتاِ عهى قش األسص أٔ َشاسج انخشة. كًا أٌ انحًالٌ  (P<0.05)َٔصف اٌسش َٔصف اًٌٍ ٔاستع استاع نٓا أصاٌ اعهى 

ثٍالذٓا انًشتاِ عهى قش األسص أٔ َشاسج انخشة. كًا اَّ حذز ذحسٍ فً خٕدج يٍ ي (P<0.05)انًشتاِ عهى انشيم اظٓشخ ٔصٌ قطعٍاخ اكثش 

 .انخشاف انًشتاِ عهى انشيم .  فإٌ اسرخذاو انشيم كفششّ نهخشاف عًهد عهى ذحسٍٍ انًُٕ ٔيٕاصفاخ انزتٍحّ ٔخصائص انهحٕو  
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SUMMARY  

 
 The current study was carried out to study the effect of different bedding materials (sand, rice straw and 

wood shavings) on carcass characteristics, meat cuts and meat quality of Saidi lambs under upper Egypt 

condition. Eighteen lambs with 26±0.17 kg average body weight and approximately at 6 -months of age, fed ad. 

libitum with concentrate, were assigned to three groups of bedding in individual pens in replicates of six lambs 

each, for five months. Body measurements were taken once three days before slaughter using measuring tape 

and ruler. At the end of the experiment period (152 days), twelve lambs (4 from each treatment), were 

slaughtered, skinned and carcasses were prepared. Weight of non-carcass components, internal organs, fat 

stores, carcass parts and retail cuts were recorded. Semimembranosus (SM), longissimus dorsi (LD) and 

supraspinatus (SP) were dissected, weighted and used for meat chemical analyses and quality trats. Lambs 

reared on sand bedding had significant (P<0.05) higher final body weight, round circumstances and pelvis 

width P<0.05. Moreover, lambs bedded with sand have higher (P<0.05) liver weight and tests weight and 

kidneys fat weight (P<0.05) compared with the other two groups. In addition, lambs in sand bedding gro up had 

significantly P<0.01 higher hot carcass weight, left side weight, right side weight, the fore carcass’s quarters 

weights and dressing percentage compared with rice straw and wood shavings bedding groups. Also, lambs 

reared on sand bedding had significantly higher (P<0.05) shoulder, brisket, rack, flank, loin, loin percent and 

round weight than those bedded with rice straw or wood shavings. It may be concluded that, sand bedding tends 

to improve meat chemical analysis and meat quality.  

 
Keywords: 

 

INTRODUCTION  

 

 In upper Egypt region, the high temperature in 

summer and low temperature in winter, enforce most 

of the lambs to be kept in covered or open-sided 

feedlot. Different types of the floor are used in those 

pens which vary from concrete, dirt or even sand. 

Mostly, sawdust, rice straw, wood shavings,  and 

sand are the common beddings materials used in 

sheep industry (Hussein, 2018). Straw is an 

agricultural by-product and widely used as bedding 

materials (Ericsson and Nilsson, 2006) besides their 

role in providing warm, insulation and comfort 

(Tuyttens, 2005, Norring et al., 2010). The use of rice 

straw bedding materials may provide a source of feed 

which decrease the utilization of high concentrate 

diets (Fluharty et al., 1999) and consequently affect 

animals performance.  On the other hand, sand is 

inorganic bedding material that provides comfort by 

conducting the heat away from animals body and its 

soft surface for laying (Bewley et al., 2001). In 

addition, sand has a suppressive effect on the 

bacterial population in bedding (Hogan et al., 1989, 

Bernard et al., 2003, Kristula et al., 2005). 

Consequently, by the suppression of bacterial growth, 

using sand as bedding materials may improve 

animals’ health and performance. Although wood 

shavings is an organic material that can be used as 

bedding material for animals, it also like sand has a 

suppressive effect on bacterial population growth. 

Moreover, wood shavings contain unique organic 

chemicals such as organic acids, resins, tannins, 

phenols, and turpentine which work as natural 

antibacterial (Allison and Anderson, 1951). 

Therefore, choosing the ideal bedding material 

depend on the balance between animal welfare and 

economic efficiency.   Many studies have proved that 

different bedding material affected growing animal 

performance in terms of feed intake, feed conversion, 

body weight and daily gain (Wolf et al., 2010, 

Panivivat et al., 2004). Moreover, other studies found 

using different bedding materials can alter carcass 

characteristics and meat quality of animals (Teixeira 

et al., 2015). The aim of the current experiment is to 

compare the effect of three different bedding 

materials one of them is inorganic (sand) and two are 

organic materials (rice straw and wood shavings) on 

the carcass characteristics and meat quality of 

Egyptian Saidi lambs. 

    

MATERIALS AND METHODS 
 

Animals and treatments: 

 The animals and treatments are the same as 

shown in Hussein (2018). Briefly, eighteen Saidi 

male lambs with 26±0.17 kg average body weight 

and at approximately 6-months of age were fasted, 

weighed and blocked in descending order of weight. 

Lambs in each block were randomly allocated to one 

of the three treatment groups (rice straw, sand or 
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wood shavings). Therefore, each treatment contained 

lambs that covered the full range of weights 

available, with six replicates each, in Randomized 

Complete Block Design (RCBD). Rice straw group 

was used as a control group, while the sand and wood 

shaving groups were investigated as alternative 

bedding materials. All lambs were housed in 

individual pens of 2.42 m2 bedded with one of the 

three bedding materials treatments. At the beginning, 

the bedding materials were initially laid to a depth of 

approximately 10 cm and then, were visually added 

weekly to each pen to maintain the desired depth of 

bedding materials. Moreover, the bedding materials 

in each pen were replaced with fresh one monthly 

(every 30 days). Wheat straw, concentrates mixture 

and water were supplied ad-libitum in buckets for 

each lamb. The ingredients of the concentrate 

mixture is as reported by Hussein (2018).  

 
Body measurements: 

 Body measurements were taken once three days 

before slaughter using measuring tape and ruler. The 

body measurements were taken according to Yakubu 

(2013). Body measurements included, heart girth 

(HG), height at withers (HW), Chest depth (CD), 

body length (BL), Chest width (CW), Round 

circumference (RC), Paunch girth (PG), and Pelvis 

width (PW).  

 
Slaughter, carcass characteristics and meat quality: 

 At the end of the experiment period (152 days ), 

twelve  lambs (4 from each treatment), were chosen 

according to their body weight to represent the mean 

final weight of each group.  Before slaughter lambs 

were   fasted from feeding for 14 h with free access 

to water. The lambs were weighed directly before and 

after slaughter. 

 The slaughtering process was done in the 

experimental abattoir by Islamic method of 

slaughtering animals (Halal). Where, by a very sharp 

knife a deep cut done instantaneously and quickly to 

the blood vessels of the neck (the two carotid arteries 

and the two jugular veins), the trachea and the 

esophagus but the central nervous system (the spinal 

cord) kept safe and intact. After slaughter, head, fore 

and hind feets were removed. Thereafter, the animals 

were skinned. Immediately, after skinning, each 

carcass was dressed, hot carcass and offal external 

components (skin, fore and hind feet and head) were 

weighed and recorded. Dressing percentage was 

calculated using hot carcass weight with respect to 

pre-slaughter live body weight.  Moreover, internal 

organs include spleen, liver, lungs, heart, kidneys, 

rumen, intestine, and testes were weighed and 

recorded. Omental fat, mesenteric fat, kidney fat and 

pelvic fat were separated and weighed. Dressed 

carcass was separated into right and left sides, both 

sides were weighted. Carcass measurements were 

taken from the left side according  to  Abd-Alla 

(2014).  Carcass measurements were carcass length, 

carcass depth at 3
th

 and 7
th

 rib, leg Length, leg 

circumference, loin length, and neck length. 

Subsequently, both right and left sides were separated 

to fore and hind quarters at 13
th

 rib, the four quarters 

weights were recorded.   Thereafter, each half of each 

carcass was separated into seven cuts as Strydom et 

al. (2009). These carcass cuts were loin, shoulder, 

rack (ribs), brisket, round, neck and flank. 9
th

 to 11
th

 

ribs section was separated from rack in left side of 

the carcass following the procedure described by 

Morais et al. (2016). The section was weighted and 

separated to its components (muscle, fat and bone), 

thereafter the components were weighed and the 

percent of each component was calculated with 

respect to the whole section weight. Three major 

muscles, semimembranosus(SM), longissimus dorsi 

(LD) and supraspinatus (SP) were dissected and 

weighted. The three muscles were used as a sample 

for performing some meat quality testes (pH, water 

holding capacity and cooking loose) and chemical 

analysis (moisture, dry matter, ash, protein and fat). 

The pH was measured by direct probe of pH meter 

(SCHOTT L 6880, Lab Star pH) applied on freshly 

cut surfaces of the three (LD, SM and SP) muscles. 

The meat samples from the three muscles LD, SM, 

and SP were weighed and cooked, in a water bath at 

90 C°, until the internal temperature reached 70 C°  

and left for one hour and weighed again to calculate 

cooking loss as described by Macit et al. (2003). 

Water holding capacity (WHC) was determined using 

filter paper pressing technique (Trout, 1988). For the 

chemical analysis, 150 grams minced meat were 

taken from each muscle for determining moisture, 

protein, ash and chemical fat following AOAC,2000 

procedure. 

       
Statistical analysis: 

 All collected data were analyzed using the 

Statistical Analyses System (SAS, 2013, version 9.4, 

SAS Institute Inc., Cary, NC, USA). The current 

study was designed as one-way RCBD with three 

treatments and sex blocks according to the following 

model for all data; 

 

Where  = the observation, µ = overall mean, 

 = effect of the I
th

  treatment,  = effect of the 

 th
  block,   = the effect of the error related to 

individual observation.  Before analysis normality 

test was proceeded by examination of normal 

distribution plots. All data passed the test and no data 

transformations were needed. comparisons between 

the different treatments were done using the Duncan 

Multiple Range Test (Duncan, 1955).  

 

RESULTS.  

   
Final body weight and pre-slaughtering body 

measurements:  

 Final body weight and pre-slaughtering body 

measurements are shown in Table 1. Lambs reared 

on sand bedding had significantly (P<0.05) higher 

final body weight, round circumstances and pelvis 
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width compared with those reared-on rice straw or 

wood shavings beddings. On the other hand, there 

were no differences between the three bedding 

groups on the other body measurements (body length, 

height at withers, heart girth, Chest depth, Chest 

width, and Paunch girth). Moreover, both lambs 

bedded with rice straw and wood shavings have 

similar final body weight, round circumstances and 

pelvis width.    

 

Table 1. Final body weight and body measurements of lambs as affected by bedding type 

 Sand Rice straw wood shavings 

Initial body weight (kg) 26.42 ± 1.01 26.40 ± 1.54 26.40 ± 1.17 

Final body weight (kg). 52.14 ± 0.69
 a

 43.97 ± 2.84
b
 42.96 ± 1.10

b
 

body length (cm). 73.01 ± 0.11 71.56 ± 0.70 71.76 ± 0.33 

height at withers (HW) 72.84 ± 0.09 72.22 ± 0.29 72.25 ± 0.14 

heart girth (HG) 89.32 ± 0.35 87.87 ± 0.70 87.80 ± 0.21 

Chest depth (CD) 38.65 ± 0.20 38.03 ± 0.31 37.93 ± 0.14 

Chest width (CW) 24.00 ± 0.16 23.38 ± 0.31 23.40 ± 0.16 

Round circumference (RC) 43.03 ± 0.09
a
 42.43 ± 0.24

b
 42.38 ± 0.13

b
 

Paunch girth (PG) 94.88 ± 0.23 92.70 ± 1.20 93.38 ± 0.49 

Pelvis width (PW) 20.58 ± 0.09
a
 20.23 ± 0.17

ab
 20.18 ± 0.06

b
 

Different letters (a, b, c) represent significant (P<0.05) differences among treatments. 
 

Slaughter by products, internal organs and fat 

stores: 

 Head, feet and pelt weight are shown in Table 2. 

Head and feet weight did not affect by bedding type 

material. Moreover, the three groups had similar head 

and feet weight. In contrast, lambs bedded with sand 

had significant higher (P<0.05) belt weight compared 

with the other two groups, no difference in belt 

weight was found between lambs bedded with rice 

straw or wood shavings. Internal organs weight also, 

are affected by bedding material type (Table 2). In 

addition, lambs bedded with sand had higher internal 

organs weight compared with the other two groups. 

The differences were significant (P<0.05) only in 

case of liver weight and testes weight. On the other 

hand, kidneys weight was similar in the three groups. 

Rice straw group had remarkable significant (P<0.05) 

lower testes weight compared with the other two 

groups.  

 
 

Table 2. Slaughter by products, internal organs and fat stores of lambs as affected by bedding type 

 Sand Rice straw wood shavings 

Head weight (kg) 2.91 ±0.16 2.96 ± 0.23 2.81 ± 0.28 

Feet weight (kg) 1.05 ± 0.06 1.06 ± 0.12 1.01 ± 0.06 

Pelt weight (kg) 4.13 ± 0.30
 a

 3.13 ± 0.25
 b

 3.11 ± 0.31
 b

 

Spleen weight (g) 69.26 ± 9.81 62.57 ± 8.84 54.56 ± 0.85 

Liver weight (g) 657.15 ± 40.77
 a

 486.41 ± 27.36
 b

 427.85 ± 18.69
 b

 

Lungs weight (g) 571.52 ± 43.37 552.37 ± 63.71 489.29 ± 22.79 

Heart weight (g) 241.36 ± 19.73 209.71 ± 17.95 204.12 ± 3.98 

Kidneys weight (g) 129.09 ± 7.54 129.29 ± 20.92 130.44 ± 9.98 

Rumen weight (kg) 1.53 ± 0.16 1.36 ± 0.09 1.42 ± 0.12 

Intestine weight (kg) 1.49 ± 0.17 1.33 ± 0.10 1.41 ± 0.17 

Testes weight (g) 445.80 ± 56.86
 a

 298.18 ± 32.72
 b

 418.56 ± 51.38
 a

 

Kidneys fat weight (g) 147.22 ± 28.09
 a

 64.55 ± 12.56
 b

 87.31 ± 27.24
 ab

 

Caul fat (g) 

 

391.06 ± 71.72 155.99 ± 53.05 272.28 ± 100.03 

Omental fat (g) 268.40 ± 77.37 243.82 ± 26.65 270.67 ± 38.82 

Tail fat weight (kg) 3.32 ± 0.77 2.35 ± 0.58 2.28 ± 0.49 
Different letters (a, b, c) represent significant (P<0.05) differences among treatments. 
 

 Fat stores are represented in Table 2. Sand bedded 

lambs had higher kidneys fat, caul fat omental fat and 

tail fat than rice straw and wood shavings bedded 

lambs. In addition, rice straw bedded lambs had the 

lowest fats weight. While, wood shavings bedded 

lambs had intermediate fats weight. The only 

significant (P<0.05) value was in kidneys fat weight. 

In contrast, no significant differences in fat stores 

weight between lambs bedded with rice straw or 

wood shavings. 
 

Carcass weight, carcass parts weight and percent 

and carcass measurements: 

 Hot carcass weight, dressing percentage, carcass 

parts and carcass measurements are shown in Table 

3. Lambs in sand bedding group had significant 

(P<0.01) higher hot carcass weight, left side weight, 

right side weight, the fore carcass’s quarters weights 

and dressing percentage compared with rice straw 

and wood shavings bedding groups. On the other 

hand, no differences were found between rice straw 

and wood shavings groups for hot carcass, dressing 

percentage or carcass parts. For carcass 

measurements only, internal carcass length and 

buttock circumference over tail were significantly 

P<0.05 affected by bedding materials. Moreover, the 

sand bedded group had higher internal carcass length 

and buttock circumference over tail than rice straw 

bedding and wood shavings bedded groups. On the 
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other hand, both rice straw and wood shavings 

groups had similar internal carcass length and 

buttock circumference over tail.  
 

 

Table 3. Carcass weight, carcass parts weight and percent and carcass measurements of lambs as affected 

by bedding type 

 Sand Rice straw wood shavings 

Hot carcass weight (kg). 24.94 ± 0.47
 a

 19.26 ± 1.28
b
 18.40 ± 0.63

b
 

Dressing percentage (%) 47.87 ± 1.24
 a

 43.80 ± 0.50
b
 42.80 ± 0.39

b
 

Right Side weight (kg). 12.27 ± 0.31
 a

 9.37 ± 0.54
b
 9.15 ± 0.30

b
 

Left Side weight (kg). 12.67 ±0.17
 a

 9.89 ± 0.75
b
 9.25 ± 0.34

b
 

Left hind quarter weight (kg).  6.08 ± 0.20
 a

 4.68 ± 0.38
b
 4.30 ± 0.11

b
 

Left fore quarter weight (kg). 6.59 ± 0.11
 a

 5.21 ± 0.37
b
 4.94 ± 0.26

b
 

Right hind quarter weight (kg).  5.86 ± 0.25
 a

 4.41 ± 0.28
b
 4.25 ± 0.10

b
 

Right fore quarter weight (kg). 6.41 ± 0.14
 a

 4.96 ± 0.26
b
 4.90 ± 0.24

b
 

Right Side %. 49.19 ± 0.33 48.73 ± 0.60 49.74 ± 0.28 

Left Side %.). 50.81 ± 0.33 51.27 ± 0.60 50.26 ± 0.28 

Left hind quarter %. 24.35 ± 0.48 24.25 ± 0.42 23.43 ± 0.59 

Left fore quarter %. 26.46 ± 0.65 27.07 ± 0.26 26.83 ± 0.53 

Right hind quarter %. 23.48 ± 0.63 22.90 ± 0.25 23.15 ± 0.49 

Right fore quarter %. 25.71 ± 0.47 25.83 ± 0.44 26.59 ± 0.59 

Carcass length 127.25 ± 2.29 121.75 ± 2.15 121.50 ± 1.19 

Internal carcass length 73.88 ± 1.13
a
 68.50 ± 5.61

 b
 67.63 ± 1.55

 b
 

Carcass depth  29.25 ± 0.63 28.25 ± 0.97 27.63 ± 0.80 

Leg length 41.25 ± 1.31 40.75 ± 0.25 40.75 ± 1.11 

Leg circumference at 50% of length 22.88 ± 1.01 23.50 ± 0.29 21.88 ± 0.75 

Lumber region length 24.50 ± 0.94 24.38 ± 0.94 24.75 ± 0.88 

Neck length 26.25 ± 0.25 24.50 ± 0.79 24.88 ± 0.72 

Buttock circumference over tail 46.50 ± 2.01
a
 43.00 ± 1.59

 b
 42.63 ± 2.01

 b
 

Leg circumference under tail 41.25 ± 1.93 41.63 ± 1.60 38.75 ± 1.31 
Different letters (a, b, c) represent significant (P<0.05) differences among treatments. 
 

Meat cuts and meat cuts percent: 

 Meat cuts and their relative percentages in respect 

to hot carcass are showed in Table 4.  Lambs reared 

on sand bedding had significant higher (P<0.05) 

shoulder, brisket, rack, flank, loin and round weight 

than those bedded with rice straw or wood shavings. 

No significant differences were found between the 

rice straw and wood shavings in meat cuts weight. 

For the neck weight the only significant difference 

was between sand group and wood shavings group. 

The percent of each cut was calculated in respect to 

the left side and statistically analyzed. The significant 

difference (P<0.05) was only obtained in loin 

percent. Lambs bedded with sand had higher loin 

percent compare with wood shavings bedded lambs, 

no difference between the two other groups. 
 

 

Table 4. Meat cuts and meat cuts percent of lambs as affected by bedding type 

 Meat cuts  Sand Straw Wood shavings 

Shoulder weight (kg). 2.41 ± 0.04
 a

 1.93 ± 0.14
b
 1.78 ± 0.10

b
 

Brisket weight (kg). 1.06 ± 0.06
 a

 0.83 ± 0.05
b
 0.84 ± 0.02

b
 

Neck weight (kg). 1.29 ± 0.05
 a

 1.05 ± 0.10
ab

 1.01 ± 0.08
b
 

Rack (rips)  1.84 ± 0.09
 a

 1.4 ± 0.10
 b

 1.32 ± 0.06
 b

 

Flank weight (kg). 0.36 ± 0.03
 a

 0.23 ± 0.03
b
 0.25 ± 0.01

b
 

Loin weight (kg). 1.58 ± 0.05
 a

 1.11 ± 0.06
b
 1.01 ± 0.04

b
 

Round weight (kg). 4.13 ± 0.14
 a

 3.35 ± 0.32
b
 3.05 ± 0.09

b
 

Shoulder %. 18.97 ± 0.56 19.54 ± 0.19 19.26 ± 0.42 

Brisket %. 8.38 ± 0.35 8.47 ± 0.45 9.08 ± 0.11 

Neck %. 10.20 ± 0.53 10.53 ± 0.47 10.87 ± 0.50 

Rack (ribs) % 14.50 ± 0.66 14.16 ± 0.31 14.18 ± 0.33 

Flank %. 2.87 ± 0.17 2.27 ± 0.16 2.68 ± 0.20 

Loin %. 12.47 ± 0.38
 a

 11.27 ± 0.53
 ab

 10.91 ± 0.20
 b

 

Round %. 32.61 ± 0.76 33.76 ± 0.71
 
 33.02 ± 0.96 

Different letters (a, b, c) represent significant (P<0.05) differences among treatments. 

 

Best rib weight, its component weight and percent 

and individual muscles weight: 

 Best rib is the carcass’s cut of 9
th

 to 11
th

 rib. It is 

used as an indicator to meat, fat and bone percent in 

hall carcass. The best rib weight and its meat and fat 

was significantly (P<0.05) higher in lambs bedded 

with sand than those bedded with rice straw or wood 

shavings (Table 5). No differences were found in 



Egyptian J. Anim. Prod. (2019) 83 

bone weight. Best neck components percent of meat 

and fat had a different response to the bedding 

material’s type. Where, lambs bedded with sand had 

significant (P<0.05) lower meat percent and higher 

(P<0.05) fat percent than rice straw bedded lambs. In 

contrast, no differences were found between wood 

shavings and the other two groups in best neck 

components percent. Moreover, lambs bedded with 

sand had a significant higher (P<0.05) Supraspinatus, 

Semimembranosus and Longissimus dorsi muscles 

weight than the other two groups (Table 5). On the 

other hand, no differences were found in individual 

muscles weight between rice straw bedded lambs and 

wood shavings bedded lambs. 

 

 

Table 5. Best rib weight, its component weight and percent and individual muscles weight of lambs as 

affected by bedding type 

 Sand Rice straw wood shavings 

Best Rib weight (g). 539.73 ± 48.53
 a

 340.97 ± 28.64
b
 360.31 ± 16.98

b
 

Best Rib meat weight (g). 299.84 ± 24.15
 a

 229.80 ± 21.20
b
 219.68 ± 8.40

b
 

Best Rib fat weight (g). 126.71 ± 27.03
 a

 37.30 ± 6.97
b
 54.07 ± 14.61

b
 

Best Rib bone weight (g). 113.18 ± 15.10 73.87 ± 12.34
 

86.56 ± 9.37 

Supraspinatus weight (g). 155.42 ± 3.95
 a

 136.05 ± 7.95
b
 126.76 ± 4.28

b
 

Semimembranosus weight (g). 153.47 ± 12.75
 a

 110.70 ± 9.82
b
 110.84 ± 5.62

b
 

Longissimus Dorsi weight (g). 108.00 ± 16.40
 a

 85.26 ± 11.93
b
 83.01 ± 1.83

b
 

Best Rib meat %. 55.75 ± 1.77
 b

 67.35 ± 2.15
 a

 61.15 ± 2.15
 ab

 

Best Rib fat %. 23.19 ± 3.60
 a

 11.25 ± 2.40
 b

 14.60 ± 3.42
 ab

 

Best Rib bone %. 21.06 ± 2.46 21.40 ± 2.02 24.25 ± 3.04 
Different letters (a, b, c) represent significant (P<0.05) differences among treatments. 

 

Chemical analysis and meat quality treats: 

 Meat chemical analysis, WHC, cooking loose and 

pH of LD, SM and SP muscles are shown in Table 6. 

Lambs bedded with sand tended to have lower 

moister content of their meat and consequently, 

higher DM in the different three muscles. The 

differences were significant (P<0.05) in case of LD 

muscle between sand bedded group and wood 

shavings group. One the other hand, the differences 

were not significant between the three groups in meat 

moisture and DM content in SM muscle. While, the 

chemical analysis of SP muscle showed a significant 

difference (P<0.05) between sand group and both rice 

straw and wood shavings group in moisture and DM 

percent.  In addition, Lambs bedded with sand had 

significant (P<0.05) higher protein percent in the 

three individual muscles LD, SM and SP. For SP and 

LD muscles the significant difference was between 

sand group and the other two groups. However, in 

SM muscle both sand bedded group and rice straw 

bedded group had significant higher protein percent 

than wood shavings bedded group. The only 

significant difference in fat percent (Table 6) was 

found in SP muscle. Moreover, lambs bedded with 

sand had significant (P<0.05) higher fat percent than 

wood shavings group.   

 

 

Table 6. Meat chemical analysis of lambs as affected by bedding type 
 Longissimus Dorsi muscle Semimembranosus muscle Supraspinatus muscle 

Sand Wood 
shavings 

Rice 
Straw 

Sand Wood 
shavings 

Rice 
Straw 

Sand Wood 
shavings 

Rice 
Straw 

Moisture % 72.73 ± 

 0.16
 b
 

74.62 ±  

0.39
 a
 

73.06 ± 

 0.77
 ab

 

73.16 ± 

 0.74 

75.47 ±  

1.20 

73.08 ± 

 0.11 

71.83 ± 

 0.45
 b
 

75.81 ± 

 0.66
a
 

74.34 ±  

0.36
a
 

Dray Mater %. 27.27 ± 
 0.16

 a
 

25.38 ±  
0.39

 b
 

26.94 ±  
0.77

 ab
 

26.84 ± 
 0.74 

24.53 ± 
 1.20 

26.92 ±  
0.11 

28.17 ±  
0.45

a
 

24.19 ± 
 0.66

 b
 

25.66 ± 
 0.36

 b
 

Protein %. 21.93 ± 
 0.41

 a
 

20.17 ± 
 0.48

 b
 

20.22 ±  
0.26

 b
 

19.73 ±  
0.76

a
 

18.18 ±  
0.16

 b
 

20.02 ±  
0.10

a
 

19.84 ± 
 0.42

a
 

18.30 ± 
 0.58

 b
 

18.96 ± 
 0.28

ab
 

Fat %. 3.87 ±  
0.45 

3.15 ± 
 0.42 

4.70 ± 
 0.52 

5.25 ±  
0.33 

4.01 ±  
0.95 

5.01 ±  
0.09 

6.67 ±  
0.65

a
 

4.19 ±  
0.37

 b
 

5.28 ±  
0.51

ab
 

Ash %. 0.98 ± 

 0.02 

0.91 ±  

0.04 

1.00 ±  

0.05 

0.96 ±  

0.03 

0.95 ±  

0.02 

0.94 ± 

 0.03 

0.89 ± 

 0.02 

0.93 ±  

0.03 

0.92 ± 

 0.01 

Carbohydrate %. 0.50 ± 

 0.06
 b
 

1.15 ± 

 0.24
 a
 

1.02 ± 

 0.09
 a
 

0.90 ±  

0.07
 b

 

1.40 ± 

 0.10
a
 

0.96 ±  

0.09
 b

 

0.77 ± 

 0.25 

0.78 ± 

 0.22 

0.51 ± 

 0.19 

WHC %. 
42.22 ±  
1.80

b
 

48.59 ±  
0.78

a
 

40.73±  
0.58

b 
42.20 ±  
2.39 

50.56 ± 
 4.15 

46.96 ±  
1.74 

41.69 ± 
 1.49 

46.00 ± 
2.55 

41.66 ±  
1.29 

Cooking loss%. 34.45 ±  
1.23

 ab
 

35.77 ±  
0.90

 a
 

32.10 ± 
 0.62

 b
 

38.13 ±  
0.13 

38.35 ±  
2.17 

38.77 ± 
 0.49 

36.33 ± 
 1.08 

34.46 ± 
 1.52 

36.62 ± 
 0.23 

pH 5.72 ±  
0.04 

5.87 ± 
 0.01 

5.71 ±  
0.03 

5.74 ±  
0.03 

5.82 ±  
0.04 

5.76 ± 
 0.06 

5.75 ± 
0.06 

5.87 ± 
 0.01 

5.73 ± 
 0.04 

Different letters (a, b, c) represent significant (P<0.05) differences among treatments. 
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 No significant differences were found among the 

three-experimental groups through the three analyzed 

muscles for ash percent. In contrast, lambs bedded 

with wood shavings had higher carbohydrates percent 

in the three analyzed muscles. For LD muscle, both 

wood shavings and rice straw groups had significant 

(P<0.05) higher carbohydrates percent than sand 

group. While, the carbohydrates percent was 

significant (P<0.05) higher in SM muscle for lambs 

bedded with wood shavings than those bedded with 

sand or rice straw. On the other hand, no significant 

differences were obtained between the three 

experimental groups in SP muscle for the 

carbohydrate percent. Water holding capacity, 

cooking loss and pH values as meat quality indicators 

are represents in Table 6.  The results showed that, 

lambs bedded with sand or rice straw had 

improvement in their meat WHC and cooking loss 

compared with those bedded with wood shavings. 

The improvement was only significant in case of LD 

muscle, no significant differences were recorded 

between sand bedded group and rice straw bedded 

group.  pH values for three muscles showed no 

differences between the three experimental groups.  
 

DISCUSSION  
 

Final body weight and body measurements:  

 The final body weight results, had been discussed 

in the first published part of the current experiment 

(Hussein, 2018). Briefly, the dramatic increase of 

lambs’ final body weight in sand group may be 

mainly due to two main reasons. Firstly, sand may be 

act through increasing lambs’ laying time. Secondly, 

sand may enhance body weight by decreasing 

bacterial growth in bedding.  

Many researches stated that sand bedding increases 

laying time(Cook, 2009, Teixeira et al., 2012).   

Because of increased laying times, several positive 

effects can be achieved on animal performance. 

Firstly, increased lying times increases rumination, 

which leads to enhance feed intake, improved 

digestion, and body weight (Robbins, 1983, 

Spalinger and C.T. Robbins, 1986, Van Soest, 1988, 

Maulfair et al., 2010).   Secondly, long laying time 

influence the level of several hormones. The two 

important hormones cortisol and growth hormone 

level are positively correlated with laying time. High 

cortisol level is associated with longer laying time, 

which in turn has the ability to counteract the 

negative effects of stress on animals (Drissler et al., 

2005). Moreover, higher level of growth hormone 

has been associated with long laying time and 

consequently, enhances body weight and general 

performance (Cook, 2009).  

Sand bedding material has negative effect on 

bacterial growth and population (Kristula et al., 

2005). Low bacterial population in animal’s bedding 

improve animal health and performance (Hogan et 

al., 1989). 

 The higher body measurements of lambs reared 

on sand bedding may be due to higher body weight 

(Table 1).  Many authers showed that there are 

significant correlations between body weight and 

body measurements. Fore example, Younas et al. 

(2013) found a positive significant correlation 

between body weight of Hissardale sheep and all 

body measurements.  Moreover, the authors reported 

that body measurement can be used for the estimation 

of body weight of animals when scales are not 

available. In addition, Abd-Alla (2014) found that 

fasted body weight of Barki lambs was 

positively correlated with paunch girth. 
 

Slaughter by products, internal organs and fat 

stores: 

 The significant increase of belt weight, kidneys 

weight, tests weight and kidney fat weight associated 

with sand bedding is  due to the higher body weight of 

lambs reared in sand bedding compared with those 

reard on rice straw or wood shavings beddings. 

Moreover, McCutcheon et al. (1993) found that there 

is a positive relationship between body weight and 

both non-carcass components and surface area in 

Romney rams. In the current study increased fat 

stores in lambs bedded with sand materials may be 

due to increased feed intake (Hussein, 2018). 

Moreover, Mahgoub et al. (2000) found that 

increased feed intake increases fat content of Omani 

lambs. In turn, higher carcass fat content of lambs 

reared in sand bedding can explain the higher 

dressing percentage of those lambs. Many authors 

(Karim et al., 2007, and Yalcintan et al., 2017) stated 

that higher fatness level in lambs consumed more 

feed and concomitant dressing percentage increase. 

In contrast to the current results,  Day et al. (2006) 

and Wolf et al. (2010) reported that bedding type did 

not affect dressing percentage. 
 

Carcass weight, carcass parts weight and percent 

and carcass measurements: 

 In the current study, the hot carcass weight and 

carcass parts weight even meat cuts weight 

differences reflect the body weight difference. In 

addition, lambs bedded with sand had higher final 

weight (table 1) so, their carcass weight, carcass parts 

weight and meat cuts were higher than the other two 

groups. Many authors (Cankaya et al., 2009, Cam et 

al., 2010) found that there was a very strong relation 

between body weight and carcass weight. Although, 

there were significant differences in hot carcass 

weight, carcass parts and meat cuts, the carcass parts 

percent and meat cuts percent were not affected by 

different bedding materials. This indicates sand as 

bedding material can increase the carcass weight but 

cannot change carcass composition.  
 

Chemical analysis and meat quality treats: 

 The improvement in chemical analysis and meat 

quality treats in the current study in sand group may 

be due to lambs comfort. In the published part of the 

current study (Hussein, 2018), it has been shown that 

lambs reared in sand bedding had significant lower 

serum cortisol concentration.  Cortisol level affect 
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carcass fat content, meatiness, and consequently 

carcass quality (Škrlep et al., 2009). Moreover, high 

cortisol level may affect post mortem proteolytic 

processes which in turn altered meat water holding 

capacity (WHC), flavor and tenderness (Ferguson 

and Warner, 2008). In contrast to our results, many 

authors (Ferguson and Warner, 2008, Teixeira et al., 

2012) reported that bedding material did not affect 

carcass quality. 

 

CONCLUSION 

 

 The current study proved that sand as bedding 

material for lambs is better than both rice straw and 

wood shavings. In upper Egypt, sand is available, and 

it is very cheap material. Moreover, it is comfortable, 

and animals stay long periods laying down. Besides, 

it offers low bacterial load compared with organic 

materials. For all those reasons sand bedding 

improves lambs feed intake and body weight which 

in turn produce a heavier carcass with better meat 

quality.  
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 هن الفزشه  ةنواع هختلفأهواصفات الذبيحه وخصائص لحوم خزاف الصعيدي الوزباه على 
 

 حسينهللا  أحود هحود عبد
 

 51717قسن االنتاج الحيوانً، كلية الزراعة، جاهعة أسيوط، اسيوط، هصز 

 

َشاسج انخشة( عهى يٕاصفاخ انزتٍحّ  –قش االسص  –اخشٌد انذساسح انحانٍح تغشض دساسح ذأثٍش ثالز إَاع يخرهفّ يٍ انفششّ )انشيهّ  

حًم صعٍذي )غزٌد حرى انشثع( ٔذى ذٕصٌعٓا عهً ثالز  81ٔخٕدج نحٕو خشاف انصعٍذي انًشتاِ ذحد ظشٔف خُٕب يصش. ذى اسرخذاو 

َشاسج انخشة( ٔاسرًشخ  –قش االسص  –حًالٌ ذى ذسكٍُٓا فشدٌا ٔيعايهرٓا تُٕع يخرهف يٍ انفششّ ) انشيهّ  6د عهى يدايٍع كم يدًٕعّ اشرًه

يٍ كم يدًٕعّ(  4حٍٕاٌ ) 81انردشتّ نفرشج خًس  شٕٓس. ذى اخز يقاٌٍس اندسى قثٍم َٓاٌح انردشتّ تثالثح اٌاو. ٔعُذ َٓاٌح انردشتّ ذى اخرٍاس 

ثاششج ذى سهخ انحٍٕاَاخ ٔذدٍٓض انزتٍحّ ٔذقسًٍٓا انى َصفٍٍ. ذى اخز قٍاساخ انزتٍحّ قثٍم عهى انُصف االٌسش ٔذى ذقسٍى كم ٔرتحٓى. تعذ انزتح ي

َصف انى ستعٍٍ أيايً ٔخهفً ذى ذسدٍم أصآَى َٔسثٓى. ذى ذقسٍى كم َصف انى سثع قطعٍاخ ذى ٔصَٓا ٔذقذٌش َسثرٓا. ذى اسرخشاج ثالز 

ٔذى ٔصَٓى ٔاسرخذايٓى فً ذقذٌش    Semimembranosus (SM), longissimus  dorsi (LD)   , supraspinatus (SP)عضالخ سئٍسٍّ  

ا ٔصٌ صفاخ خٕدج انزتٍحّ ٔانرحهٍم انكًٍائً نهحٕو.  ٔكاَد اْى انُرائح انرً ذى انحصٕل عهٍٓا اٌ انحٍٕاَاخ انًشتاِ عهى فششح انشيم كاٌ نٓ

تعط يقاٌٍس اندسى فً ذهك انخشاف كًقٍاسً يحٍط انخاصشِ ٔعشض يُطقح   (P<0.05)عهى صٌادج يًا اَعكس (P<0.05)َٓائً اعهى 

ٔصٌ تعط االعضاء انذاخهٍّ فً انحٍٕاَاخ انًشتاِ عهى فششح انشيم كانكثذ ٔانخصٍرٍٍ ٔكزنك ٔصٌ انذٍْ حٕل  (P<0.05)انحٕض. كًا صادخ 

ج انخشة. عالٔج عهى رنك فاٌ انحًالٌ انرً ستٍد عهى فششح انشيهّ كاَد نٓا أصاٌ رتٍحّ انكهٍّ يقاَح تانخشاف انًشتاِ عهى قش األسص  أ َشاس

عهى قشٌُاذٓا انًشتاِ عهى قش األسص أٔ َشاسج انخشة. كًا أٌ انحًالٌ  (P<0.05)َٔصف اٌسش َٔصف اًٌٍ ٔاستع استاع نٓا أصاٌ اعهى 

ثٍالذٓا انًشتاِ عهى قش األسص أٔ َشاسج انخشة. كًا اَّ حذز ذحسٍ فً خٕدج يٍ ي (P<0.05)انًشتاِ عهى انشيم اظٓشخ ٔصٌ قطعٍاخ اكثش 

 .انخشاف انًشتاِ عهى انشيم .  فإٌ اسرخذاو انشيم كفششّ نهخشاف عًهد عهى ذحسٍٍ انًُٕ ٔيٕاصفاخ انزتٍحّ ٔخصائص انهحٕو  
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SUMMARY 

 

 The objective of this study was to assess presence of ram with prostaglandin F2α (PGF2α) on estrus behavior, 

patterns of follicular growth and steroid hormone production of Ossimi ewes in subtropics. Ewes (n= 20), were 

isolated from rams 30 days and thereafter, prostaglandin F2α (PGF2α) was used for synchronization by two 

injections 10 days apart. Ewes were randomly divided into two equal groups (n=10). The first group, PGF 2α 

with ram effect (PGRE), ewes were exposed to two trained teaser rams at the time of the second PGF2α injection 

until the end of the experiment, whilst the second group ( PG), ewes were isolated from rams except at the time 

for estrus detection. Estrus behavior and time of ovulation were detected after the second prostaglandin 

injection by noting the responses of the ewes to the male in the pen  and by ultrasonography. The number and 

size of all follicles ≥2 mm and corpus luteum (CL) were monitored by ultrasonography. Blood samples were 

collected for measuring estradiol-17β (E2) and progesterone (P4) hormones. Onset of estrus, time of ovulation 

and estrous cycle length were significantly shorter (P<0.05) in PGRE group compared with PG group. The 

number of preovulatory follicles and the mean size of ovulatory follicles were higher (P<0.05) in PGRE group 

compared with those in PG group. Moreover, the mean ovulation rate was higher (P<0.05) in PGRE group 

than that in PG group. In addition, the production of P4 was greater (P<0.05) in PGRE group on days 10 and 

14 of the estrous cycle compared to the ewes in PG group. While, concentrations of the P 4 were increased 

numerically in PGRE group during 0, 2, 6 and 8 d of the estrous cycle. E2 production was almost similar in both 

groups.  

In conclusion, the presence of rams combined with PGF2α treatment, hastens estrus onset, decreased the time of 

ovulation, increased the ovulation rate and ovarian activity of Ossimi ewes in subtropical areas. 

 

Keywords: Ram effect, estrus behavior, ovarian structure, steroid hormones 

 

INTRODUCTION 

 

 Estrus synchronization of ewes is the main 

element of the reproductive management in sheep 

breeding. Two injections of prostaglandin (PGF2α) 

are widely used for estrus synchronization in cyclic 

ewes and control of the reproduction manages in the 

breeding season (Fierro et al., 2013). The estrus 

synchronization by PGF2α is a relatively low cost, 

good, quickly and almost the ewes at the time of the 

second dose of PGF2α in mid luteal phase and become 

in estrus (Abecia et al., 2012). 

The sudden exposure of rams to seasonal 

anestrous ewes after period of isolated (phenomenon, 

ram effect), induces behavior of estrus, ovulations 

and parturition (Martin et al., 1986; Ungerfeld et al., 

2004 and Delgadillo et al., 2009). The release of LH 

surge in anestrous ewes appears to be due to the 

presence of ram and resulted in ovulation (Hawken 

and Martin, 2012; Jorre de St. Jorre et al., 2014; 

Fabre-Nys et al., 2016 and Ferreira-Silva et al., 

2017ab). Also, the LH surge was released after 

introduction of the ram to cyclic ewes during 

breeding season of all stages of the estrous cycle 

(Hawken et al., 2007). The continuous presence of 

rams during the follicular phase increases the LH 

surge and hastens the onset of estrus (Fletcher and 

Lindsay, 1971; Lindsay et al., 1975; Ungerfeld and 

Rubianes, 1999 and Contreras-Solis et al., 2009). 

Additionally, the ram effect becomes widespread use 

in the ‗Mediterranean‘ genotypes (Folch, 1990; Rosa 

and Bryant, 2002 and Ungerfeld et al., 2004). 

Although the ram effect widely used in ewes of 

anestrous season, however, its possible applications 

in cyclic ewes have scarcely studied. Thus, the PGF2α 

with presence of the ram may be a useful tool for 

flock management. Thus, the objective of the present 

study was to investigate the ram effect combined 

with PGF2α estrus synchronization on estrus 

behavior, patterns of follicular growth and estradiol-

17β (E2) and progesterone (P4) hormones production 

of Ossimi ewes in subtropics. 

 

MATERIALS  AND METHODS   

 
Animals and experimental design: 

The trial was conducted on the experimental 

farm of Agriculture Faculty, Assiut University, 

Assiut, Egypt. Twenty multiparous Ossimi ewes (4–5 

years old and average body weight 46.1±1.3 kg), 
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raised in semi-open pens were used for this 

experiment. The experiment conducted during 

autumn season (September-October). Experimental 

diet used for feeding the ewes was formulated 

according to NRC (1985). Water and trace mineral 

salt were available all days. 

 All ewes were isolated from males for 30 days 

(Ferreira-Silvaet al., 2018) and thereafter were 

synchronized using two intramuscular injections of 

250 μg/mL of PGF2α analog (cloprostenol) 10 days 

apart. Ewes were randomly divided into two equal 

groups, 10 ewes each, balanced for body weight and 

parity. The first group, ewes were injected with 

PGF2α in association with ram effect (PGRE). Ewes 

were exposed to two trained teaser rams at the timing 

of the second PGF2α injection (Day 0 for the trial) 

until the end of the experiment. While, the second 

group (PG) ewes were isolated from rams after the 

second PGF2α injection except at the time where rams 

were introduced for estrus detection. 
 

Estrus observation: 

Estrus behavior was detected twice daily (8.0 

a.m. and 4.0 p.m.) after the second prostaglandin 

injection by noting the responses of the ewes to the 

male in the pen using trained teaser rams and 

ultrasonography was carried out daily to monitor the 

occurrence of ovulation. 

The onset of estrus (interval from the second 

PGF2α injection to the first time ewes were receptive 

to the males). The estrous cycle length was 

determined as the interval between two successive 

heats or ovulations. 
 

Ultrasound monitoring of ovarian structures: 

From one day prior the second PGF2α dose, all 

follicles number and size ≥ 2 mm were monitored 

daily by transrectal ultrasound scanning (Pie 

Medical, 100 LC, Holland) having a 6–8 MHz end of 

rectal probe (Lv513). The probe was turn in the 

rectum 90◦ clockwise and 180◦ anticlockwise for 

ovaries scanning in the standing ewe. The number 

and diameter of larger follicles were detected and 

evaluation by sketches that given the size for each 

follicle. The ovulation rate was recorded, when the 

largest follicles (> 5 mm) identified and followed 

without constant observation that considered the 

ovulation have occurred. The CL was examined and 

an image of the maximum diameter from the largest 

cross-sectional area was estimated.  
 

Blood sampling and hormonal analysis: 

After the second PGF2α dose, blood samples 

were collected daily from jugular vein during the 

days of the estrous cycle before feeding on the 

morning. Samples of blood were centrifuged for 20 

minutes at 2000 × g, thereafter, serum was harvested 

and stored at – 20 
0
C. Progesterone and Estradiol-17β 

hormonal levels were executed by ELISA technique. 

Laboratory Diagnostic System Co. (Catalogue No. 

3900, DSL, USA) gave Kits. The variations 

coefficients of the intra- and inter assay were 3.6% 

and 12.43% for progesterone and 4.8% and 9.2%, for 

Estradiol-17β, respectively. Assay sensitivity was 

0.12 ng for progesterone and 2 pg for Estradiol-17β. 
 

Statistical analysis: 

Statistical analyses were done using SPSS 

package (2007). The mean differences between the 

two groups regarding the estrus onset, ovulation time, 

the number and size of the ovulatory follicles, length 

of the estrous cycle, E2 and P4 hormones were 

estimated by independent t-test (Senosy et al., 2017). 

Values of probability less than 0.05 were considered 

significant. The results were expressed as means ± 

SEM. 

 

RESULTS AND DISCUSS ION 

 
Estrus behavior: 

The results in terms of estrus characters are 

presented in Table 1. Estrus was detected in all ewes. 

Similarly, in previous studies Contreras -Solis et al. 

(2009) and Abecia et al. (2012) found that, ewes 

responded to injection of the second PGF2α and 

showed luteolysis and detected in estrus. Abecia et 

al. (2012) reported that, in tropical breeds, 

synchronization of estrus required two doses of 

PGF2α 10 days apart, whereas, most females will be 

in the mid-luteal phase and will be detected in estrus 

and occurrence of ovulation. 

The onset of heat (41.1±2.4 h) and time of 

ovulation (72.6±2.2 h) in PGRE group were shorter 

(P<0.05) than in PG group (60.0±2.6 and 96.0±2.5 

h), respectively. Also, the estrous cycle length 

(17.4±0.2) was shorter (P<0.05) in PGRE group 

compared with the PG group (20.3±0.6). This agrees 

with the results of Hawken et al. (2007) who 

mentioned that, exposure of cyclic ewes to rams 

stimulated their response in the breeding season. The 

rams continuous presence during the follicular phase, 

increased the LH surge and hasten onset of estrus 

(Fletcher and Lindsay, 1971; Lindsay et al., 1975; 

Ungerfeld and Rubianes, 1999 and Contreras-Solis et 

al., 2009). Furthermore, induced preovulatory LH 

surge, estrus onset and ovulation time were more 

accelerated and their occurrence was earlier in ewes 

when the rams were introduced at the injection 

timing of the second PGF2α compared with the use of 

two PGF2α injections alone (Contreras-Solis et al., 

2009; Ungerfeld, 2011 and Meilán and Ungerfeld, 

2014). Similarly, in goats, the continuous presence of 

a male during the breeding season with estrus 

synchronized females using either progestogens 

sponges or PGF2α and controlled internal drug release 

(CIDR), hastened onset of estrus, reduced estrus 

duration and time of ovulation compared with 

females not exposed to a male (Romano, 1998 and 

Romano et al., 2016). 
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Table 1. Onset of estrus, time of ovulation and estrous cycle length in ewes synchronized by prostaglandin 

(PGF2α) with or without ram effect 

Estrous cycle length  

(d) 

Ovulation time  

(h) 

Onset of estrus  

(h) 
Group 

17.4±0.2
a
 72.6±2.2

a
 41.1±2.4

a
 PGRE 

20.3±0.6
b
 96.0±2.5

b
 60.0±2.6

b
 PG 

PGRE; PGF2α with ram effect, ewes were exposed to two trained teaser rams at the timing of the second PGF2α injection 

(Day 0 of the trial) until the end of the experiment. PG: ewes were isolated from rams after the second PGF2α injection 

except at the time for estrus detection. 
a─b Means within the same column differed significantly (P< 0.05).  

 
Follicular growth: 

The patterns of follicular development are shown 

in Table 2. The number of preovulatory follicles 

(4.8±0.1) and the mean size of the ovulatory follicles 

(6.01±0.0 mm) were higher (P<0.05) in PGRE group 

than in PG group (3.9±0.1 and 5.20±0.0 mm), 

respectively. The ovulation rate in PGRE group was 

higher (P< 0.05) than that in PG group (1.40±0.2 vs 

1.00±0). These results are in agreement with those of 

Rubianes et al. (1997) and Ferreira-Silva et al. (2018) 

who indicated that, the number and size of the larger 

follicles and ovulatory follicles were increased after 

introduction of the rams to ewes. Moreover, FSH 

level and LH surge increased in ewes as an endocrine 

response to the presence of the ram (Ungerfeld et al., 

2000 and Ungerfeld, 2003). The continuous presence 

of rams with ewes increased LH surge and enhanced 

the ovarian activity (Murtagh et al., 1984 and Folch, 

1990). However, the LH pulsatility was the main 

effect on the growth of preovulatory follicular and it 

coincided with the increase in the large follicles 

number and largest follicle diameter (Baird and 

McNeilly, 1981 and Ungerfeld, 2003). Preovulatory 

LH peaks occurred in ewes, due to the presence of 

rams that acts upon this role of the growth of the 

ovarian follicles (Ferreira-Silva et al., 2017ab and 

Ferreira-Silva et al., 2018).  

 

 

Table 2. Characteristics of the follicular populations and corpus luteum (CL) in ewes synchronized by 

prostaglandin (PGF2α) with or without ram effect 

CL diameter  

(cm) 

Ovulation rate Ovulatory follicles 

(mm) 

Follicles ≤5 mm Group 

1.24±0.0 1.40±0.2
a
 6.01±0.0

a
 4.8±0.1

a
 PGRE 

1.10±0.0 1.00±0.0
b
 5.20±0.0

b
 3.9±0.1

b
 PG 

PGRE; PGF2α with ram effect, ewes were exposed to two trained teaser rams at the timing of the second PGF2α injection 

(Day 0 of the trial) until the end of the experiment. PG: remaining ewes were isolated from rams after the second PGF2α 

injection except at the time for estrus detection. 
a─b Means within the same column differed significantly (P < 0.05).  

 

Hormonal profile: 

 Concentration of P4was higher (P <0.05) in PGRE 

group on days 10 and 14 of the estrous cycle (5.3±0.4 

and 4.6±0.4 ng/mL) compared to the PG group 

(3.9±0.0 and 3.2±0.2 ng/mL), respectively. 

Moreover, concentrations of P4 increased numerically 

in PGRE group during 0, 2, 6 and 8 d of the estrous 

cycle (0.2±0.0, 1.1±0.6, 2.4±0.5 and 3.3±0.5 ng/ml) 

than those of  the PG group (0.1±0.0, 0.8±0.5, 

1.83±0.92 and 2.7±0.2 ng/ml), respectively (Fig. 1). 

These results are in agreement with those of 

Scaramuzzi et al. (1993) and Godfrey et al. (1999) 

who indicated that, P4 level was decreased to below 1 

ng/mL in estrus period and it decreased after the 

second injection of PGF2α (Ganaie et al., 2009). In 

addition, Homeida et al. (2009) documented that, P4 

concentrations on days 2, 8, 10 and 14 were 0.4±0.1, 

1.1±0.3, 4.3±0.3 and 2.3±0.2, ng/ml, respectively in 

ewes after the second PGF2α injection. These results 

may be due to the continuous presence of rams after 

the second PGF2α injection. Its influences were on 

ovarian follicle development and the life span of the 

resulting CL. Introduced rams to ewes, led to 

increased LH and FSH secretion these in turn led to 

increased follicular size and  formation of CL with 

higher production of P4 (Ferreira-Silva et al., 2018). 

These notices point out to the importance of follicular 

growth for P4 production in the following CL 

formation. The production and amount of P4 was 

connected to the health and number of the granulosa 

and thecal cells in vitro (Niswender et al., 2000 and 

Niswender, 2002). The initiation of P4 was increased 

significantly of ewes in estrus after introduction of 

the rams (Ungerfeld, 2003). 

Furthermore, the differences  in E2 in all studied 

days during the estrous cycle were not significant in 

both groups (Fig. 1). These results may be due to the 

high levels of P4 concentration during days of the 

estrous cycle, which affected on E2 by negative 

feedback mechanism (Lassoued et al., 1997). In 

addition, it is known that, the LH surge increased in 

ewes, due to the prime step of ram presence with 

ewes, this caused an increase in preovulatory LH 

surge and occurrence of ovulation. The real 
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relationship between E2 and LH at this time is not 

well established whereas, in the absence of E2, the 

ram introduction can increase LH in ewes. The 

pulsatility of LH was increased in ovariectomized 

ewes although the E2 absence (Rosa and Bryant, 

2002).  
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Fig. 1. Changes in serum progesterone (P4; A) and estradiol-17β (E2; B) concentrations in the presence or 

absence of ram effect. PGRE; PGF2α with ram effect, ewes were exposed to two trained teaser rams at the timing 

of the second PGF2α injection (Day 0 of the trail) until the end of the experiment. PG: ewes were isolated from 

rams after the injection of the second PGF2α. 

* Means: The difference between the two groups was significant (P< 0.05). 

 

CONCLUS ION  

 

 In conclusion, the present results indicate that, the 

ram presence combined with PGF2α two injections10 

days apart, hasten estrus onset, decreased the time of 

ovulation, increased the ovulation rate and ovarian 

activity of Ossimi ewes in subtropical areas. 
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الهرمىنات األستُرودَه فً النعاج األوسُمً تأثُر وجىد الكبش علً السلىك الشبقً والتراكُب المبُضُه ومستىَات 

 لتزامن الشبق  (PGF2αالمعامله بالبروستاجالندَن )
 

جمال بدرٌ محمىد
1

حسن عبد الصبىر علً حسُن ،
2

 
 

 مصر ،جامعة أسُىط -2-1، كلُة الطب البُطري قسم التىلُد والتناسلُات والتلقُح اإلصطناعً  -2كلُة الزراعة  ،قسم اإلنتاج الحُىانٍ -1
 

أخشيج ْزِ انذساسّ ػهٗ ػششيٍ يٍ انُؼاج األٔسيًٗ يُخظًت دٔسة انشبك بٓذف دساست حؤثيش ٔخٕد انزكش يغ بشَايح حضايٍ انشياع 

ًَٕ ٔحطٕس انحٕيصالث  ،انٕلج انالصو نهخبٕيض ٔطٕل دٔسة انشبك( ،ػهٗ صفاث ٔخصائص انشياع )بذايت ظٕٓس انشياع  PGF2αبإسخخذاو 

 ٌ اإلسخشاديٕل ٔانبشٔخسخيشٌٔ أثُاء أياو دٔسة انشبك.انًبيضيّ ٔيسخٕٖ ْشيٕ

انحمٍ يشحيٍ  PGF2αيٕيآ ٔبؼذ رنك حى حُفيز بشَايح حضايٍ انشياع بإسخخذاو  03حى ػضل انُؼاج ػٍ انزكٕس لبم إخشاء انخدشبّ بًذِ ال حمم ػٍ 

ٔيخى فيٓا ٔخٕد انزكٕس انكشافّ  (PGRE، انًدًٕػّ األٔنٗ )n=10)أياو. ثى حى حمسيى األغُاو ػشٕائيا إنٗ يدًٕػخيٍ يخسأيخيٍ ) 03انًذِ بيًُٓا 

( كاَج انُؼاج يُؼضنّ ػٍ انزكٕس يا ػذا انٕلج انالصو PGبيًُا انًدًٕػّ انثاَيّ ) ،بؼذ انحمُّ انثاَيت يٍ انبشٔسخاخالَذيٍ حخٗ َٓايت انخدشبّ

بؼذ انحمُّ انثاَيت يٍ انبشٔسخاخالَذيٍ بًالحظت إسخدايت انُؼاج نهكباش  إلكخشاف انشياع. ٔحى ححذيذ بذايت ظٕٓس ػالياث انشياع ٔٔلج انخبٕيض

ز انكشافّ ٔبإسخخذاو انًٕخاث فٕق انصٕحيّ )انسَٕاس(. ٔأثُاء انخدشبّ حى يخابؼت ًَٕ ٔحطٕس انحٕيصالث انًبيضيّ ٔظٕٓس اندسى األصفش ٔأخ

 و دٔسة انشبك نخمذيش ْشيَٕٗ األسخشاديٕل ٔانبشٔخسخيشٌٔ.لياساحّ بانًٕخاث فٕق انصٕحيّ. ٔحى حدًيغ ػيُاث انذو أثُاء أيا

ٔانخٗ  (PGRE)نهخبٕيض ٔطٕل دٔسة انشبك فٗ انًدًٕػّ األٔنٗ ، انٕلج انالصو أظٓشث انُخائح انًخحصم ػهيٓا أٌ بذايت ظٕٓس ػالياث انشياع 

( ٔانخٗ كاَج فيٓا PG( يماسَّ بُؼاج انًدًٕػّ انثاَيّ )P<0.05حى فيٓا ٔخٕد انزكٕس انكشافّ بؼذ انحمُّ انثاَيت يٍ انبشٔسخاخالَذيٍ ألصش )

خٕسظ انُؼاج يُؼضنّ ػٍ انزكٕس يا ػذا ٔلج إكخشاف انشياع نٓا. كًا أظٓشث انُخائح أٌ يخٕسظ انؼذد انكهٗ يٍ انحٕيصالث انًبيضبّ انُاييّ ٔي

(. باإلضافّ إنٗ أٌ PGيماسَّ بُؼاج انًدًٕػّ انثاَيّ ) (PGRE)( فٗ انًدًٕػّ األٔنٗ P<0.05لطش حٕيصالث انخبٕيض صادث صيادِ يؼُٕيّ )

فٗ  (. كًا ٔخذ أٌ يخٕسظ حشكيض ْشيٌٕ انبشٔخسخيشPGREٌٔ)( فٗ َؼاج انًدًٕػّ األٔنٗ P<0.05يؼذل انخبٕيض أثُاء انخدشبّ كاٌ أكبش )

يٍ  8، 6، 2، 3( ٔصاد صيادِ سلًيّ فٗ أياو PGRE)( فٗ َؼاج انًدًٕػّ األٔنٗ P<0.05)صاد صيادِ يؼُٕيّ  يٍ دٔسة انشبك 01ٔ  03األياو 

(. ٔنى يٕخذ حؤثيش يؼُٕٖ نًسخٕياث ْشيٌٕ األسخشاديٕل بيٍ انًدًٕػخيٍ أثُاء أياو دٔسة انشبك. PGيماسَّ بُؼاج انًدًٕػّ انثاَيّ ) دٔسة انشبك

أياو أدٖ انٗ اإلسشاع يٍ  03نحمٍ يشحيٍ انًذِ بيًُٓا ا PGF2αٔخهصج َخائح ْزِ انخدشبّ أٌ ٔخٕد انزكش يغ بشَايح حضايٍ انشياع بإسخخذاو 

 صيادة يؼذل انخبٕيض ٔصيادة انُشاط انًبيضٗ نألغُاو األٔسيًٗ فٗ انًُاطك شبّ انحاسِ. يغحمهيم انٕلج انالصو نهخبٕيض  ،حذٔد انشياع 
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