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Abstract: To reveal the linkage between κ-CN genotypes resulted from PCR-RFLP analysis and milk yield and 
composition traits, stepwise analysis was used for determining the best regression equation of those phenotypic traits on 
detected genotypes. 80 blood samples were used for genetic characterization of studied buffaloes, collected from five 
different geographical locations of Egyptian provinces with total of 340 dairy production records for 59 lactating 
buffaloes. Milk components profile was analyzed by MilkoScan device. Results of stepwise regression analysis showed 
that AcuI genotypes were significantly linked to most studied traits such as, TMY, FAT%, TS%, Ash%, and 
Humidity% with highly statistical. In some cases, the covariance between the independent variables (AcuI, HpyCH4IV, 
or compacted genotypes) represented the best regression equation, as with DMY and lactose%. Least-square means for 
studied traits showed that, heterozygous animals were significantly superior to homozygous animals, especially within 
AcuI or compacted genotyped animals. In other words, they could be considered the most superior individuals 
producing better milk with distinct fat%, TS%, SNF%, and Ash% traits. On contrary, homozygous animals had higher 
lactose percentage and humidity traits. Consequently, polymorphisms of κ-CN gene should be involved within modern 
selection programs as potential candidates associated with dairy performance traits referred to as gene assisted selection 
(GAS) that permits to select animals at an early age for breeding programs. 
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INTRODUCTION 

Buffaloes are widespread animals across many 
developing counties especially in Asia; the world 
population of buffalo in 2017 was estimated to be 
200,967,747 heads, of which 97.4% are in Asia, 1.7% is 
in Africa, almost entirely in Egypt, 0.7% is in Americas, 
and 0.2% is in Europe (FAO, 2019) . Genus of Water or 
Asian buffaloes (Bubalus) are broadly classified into 
two main different subspecies, known as the River and 
Swamp types, based on their morphological, behavioral 
and geographical criteria (Cockrill, 1981; Groeneveld et 
al., 2010).    

Water river buffalo (Bubalus bubalis) is one of the 
important livestock animals in some developing 
countries due to its valuable contribution in different 
agricultural sectors. In Egypt, river buffalo is variably 
distributed all over the Nile valley and Nile delta 
(Hassanein et al., 2013). In 2017, the total number of 
Egyptian buffalo was 3,375,727 head, presenting about 
44% of Egypt’s milk production. Approximately, 31% 
of buffalo population is found in three governorates, i.e., 
El-Sharqia, El-Behaira, and El-Menoufia (FAO, 2019).   

Despite their economic value, buffalo efficiency of 
milk production is low (8-10 kg/day) due to absence of 
systematic breeding strategies. The difficulties in 
applying a wide-scale selection programs for superior 
animals is due to distribution of buffaloes mostly 
between small-holders and small commercial farms. To 
achieve rapid genetic improvement in buffaloes, many 
aspects should be taken into account as: formation of 
nucleus herds and applying the modern breeding 
strategies which incorporated with using biotechnology 
tools like, artificial insemination (AI), embryo transfer 
and using molecular biology techniques as gene assisted 

selection (GAS) or marker assisted selection (MAS) 
technology, etc. 

The majority of genetic improvement for 
quantitative traits in livestock has been achieved 
through conventional animal breeding programs which 
depends on phenotype-derived estimated breeding 
values (EBV), without acquaintance of the number of 
genes affecting the trait or the impacts of each gene 
(Eggen, 2012). The lengthiness of the generation 
interval in large animals prevents the achievement of a 
rapid genetic improvement using these traditional 
selection methods in animal breeding. Therefore, 
researchers are striving to develop efficient methods for 
livestock breeding, which would aid in the selection of 
superior individuals within a shorter time period and 
with greater accuracy. Modern breeding programs 
should involve analysis of genes responsible for 
quantitative characters which have some advantages in 
comparison with conventional selection. Such selection 
is directly based on identification of genotype and this 
facilitates selection among young animals, irrespective 
of their sex, and in turn would increase selection 
efficiency (Safronova et al., 2017).  

Recently, animal selection on the basis of 
molecular markers considered to be more reliable than 
any other criterion (Rachagani et al., 2006; Riaz et al., 
2008). The using of DNA polymorphic markers permits 
the determination of individual genotypes at many loci 
and provides information on population parameters such 
as allelic and genotypic frequencies and referred to as 
marker assisted selection (Abdel Dayem et al., 2009; 
Gouda et al., 2013). For instance, κ-CN gene is 
commonly used as genetic marker for milk production 
traits on which bulls can be evaluated and selected for 
future breeding programs (Patel et al., 2007; Abdel 



10 Al-Shawa et al., 219 
 
Dayem et al., 2009; Alim et al., 2015). Thus, involving 
of κ-CN genotypes within modern selection programs 
would significantly contribute to the improvement of 
milk production traits in buffaloes. Consequently 
selection based on genes (GAS) or selection based on 
markers (MAS) not only minimizes problems but also 
makes it possible to select animals at early age for 
breeding programs (Medrano and Aguilar-Cordova, 
1990; Patel et al., 2007).   

The concept of marker assisted selection (MAS) 
refers to utilizing the information of polymorphic loci as 
an aid to selection; onwards of  the 1990s, breeders used 
gene marker technology in the form of MAS to 
eliminate deleterious gene alleles or to select favorable 
conditions based on some marker information (Eggen, 
2012). Through MAS of dairy livestock, some genes are 
suggested as potential candidates associated with dairy 
performance traits. Among different candidates, genetic 
variants of caseins (CNs) have been extensively studied, 
and reported in cattle as important factors associated 
with lactation performance, milk composition and 
cheese yield efficiency (Hussain and Twayej, 2016). 

Some researchers are focusing on detecting milk 
protein polymorphisms as a potential tool for genetic 
choice and genetic characterization of bovine breeds 
(Lara et al., 2002). Until now, several types of 
molecular markers have been utilized to evaluate DNA 
polymorphisms, e.g. restriction fragment length 
polymorphism (RFLP), which was the first DNA-based 
marker for constructing genetic linkage maps; and by 
combining this method with PCR (PCR-RFLP), genetic 
polymorphisms of most important genes had been 
detected. The progress of PCR-RFLP technique enabled 
fast analysis of the polymorphisms of virtually 
unlimited number of genes, including that coding κ-CN 
gene (Yang et al., 2013). Nowadays, genetic marker 
research applied to animal breeding and production is 
concentrated mainly on analyzing mutations located 
within candidate genes and their relation with 
economically substantial traits (Awad et al., 2016). The 
present study focused on determination of the linkage 
between the detected genotypes of κ-CN gene with milk 
yield and its chemical components traits. 

 
MATERIALS AND METHODS 

Location 
This study was conducted at Biotechnology 

Laboratory of   Animal Production and 
Fisheries Department, Faculty of Agriculture, Suez 
Canal University; Ismailia, Egypt.   

Blood Samples and DNA Extraction  
Eighty randomly blood samples were collected 

from five geographical locations of some Egyptian 
provinces (Table 1). Approximately 5 ml of blood was 
drawn per animal, in “K3-EDTA” (an anticoagulant) 
coated sterile vacutainers and immediately preserved in 
a well-insulated icebox containing ice cool pack until 
reaching to the laboratory then stored at -20˚C to the 
time of DNA extraction. Genomic DNA was isolated 
from the whole blood using commercial purification kit, 
(Quick-gDNATM MiniPrep). DNA concentration and 
purity was estimated using NanoDrop 

(Spectrophotometer ND-1000). DNA concentrations 
ranged from (20 to 30 ng/μl), with a purity ratio from 
1.7 to 1.9 which was considered as a high DNA purity.  

Collection of milk samples 
A total of 340 dairy production records from 59 

lactating buffaloes were used. Animals were selected 
from accredited farms. Milk samples were collected 
from pedigreed animals with the least relationship to 
decrease the genetic similarity and to increase chance to 
get more polymorphism. For each studied animal the 
individual milk sample was collected in Falcon tube (50 
ml) immediately after milking and preserved by adding 
3 ml of Potassium dichromate solution then stored at -
20˚C till further analysis. Determination of milk 
components profile was analyzed by MilkoScan device. 
The studied traits were Fat %, Protein %, Lactose %, 
Total solids %, Solid not fat %, Ash % and Humidity %.   
 
Table (1): List of farms used in the present study  

Location/Farm 
Animals 

No.   

Farm of Agriculture College, Cairo 
University (C.F.) 

20 

Kafr El Sheikh Agricultural Research 
Station (K.S.) 

29 

Farm of Agriculture College of 
Menoufia University (Sh. F.) 

10 

Ismailia Agricultural Research Station (I.S.) 11 

Sids Research Station, Beni Suef 
Governorate (S.S.) 

10 

 
PCR-RFLP Assay  

Because of the highest degree of nucleotide 
sequence conservation between cattle and river buffalo, 
the gene primers used for amplification are basically of 
cattle origin (Othman et al., 2011), therefore some 
authors used the primers designed according to cattle 
gene sequence for genotyping buffalo (Patel et al., 
2007; Riaz et al., 2008; El Nahas et al., 2013; El Nahas 
and Abou Mossallam, 2015). PCR-RFLP technique 
included, amplification of the target sequences of κ-CN 
gene (453 bp) presented in Table (2) with 
polymorphism chain reaction (PCR) described by 
Barroso et al. (1998) and followed by digestion of these 
PCR products with both AcuI and HpyCH4IV 
(Isoschizomer for Mae II)  restriction enzymes (New 

England Biolabsinc.
®

, USA).  

Restricted products were loaded on 3% agarose 
gel (80 ml) after staining with 0.5μl of ethidium 
bromide (10mg/ml) in 1x TAE as a running buffer at a 
voltage 100v, 40mA for two hours. For detection of κ-
CN genotypes, the gel photos captured for the resulted 
bands of restricted products were analyzed manually by 
comparing with the standard DNA ladder (100 bp) co-
migrated in the same gel and define the corresponding 
genotype according to literature review data. Detected 
fragments sizes corresponding to different κ-CN 
genotypes after digesting PCR products with different 
restriction enzymes are summarized in Table (3)
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Table (2): Primer sequences for κ-CN genes 

Gene  Sequence of used primer References 

κ-CN 
F   5´-TGTGCTGAGTAGGTATCCTAGTTATGG-3´ 
R   5´GCGTTGTCTTCTTTGATGTCTCCT-3´ 

(Medrano and Aguilar-Cordova, 1990; 
Barroso et al., 1998; Riaz et al., 2008; El 
Nahas et al., 2013; El Nahas and Abou 
Mossallam, 2015)   

 
Table (3): Detected fragments size corresponding to different κ-CN genotypes using PCR-RFLP technique  

Gene 
Restriction Enzyme 

(RE) 
Genotype Fragments size (bp) 

κ-CN 

AcuI 1 
AA 453 bp (uncut product) 

AB 453, 339, and 114 bp 

HpyCH4IV 2 
BB 254 and 199 bp 

AB 453, 254 and 199 bp 
1 El Nahas et al. (2013) and El Nahas and Abou Mossallam (2015); and 2 Riaz et al. (2008)   

 
The DNA patterns arising from the digestion of 

453bp PCR of κ-CN gene with AcuI and HpyCH4IV 
enzymes were combined to create new synthesized 
genotype (Compacted genotype) for each animal 
possess two restriction patterns of the restricted 
enzymes as reviewed by Barroso et al. (1998). 

Cumulative restriction pattern through restriction 
analysis of κ-CN gene indicated different genotypes 
using two restriction enzymes and are presented in 
Table (4). Determination of κ-CN genotypes and 
compacted genotypes were illustrated in details through 
in press data of Al-Shawa et al. (2020).  

 
Table (4): Cumulative restriction pattern analysis of κ-CN gene 

Compacted 
Genotypes 

Cumulative restriction pattern analysis 

AcuI Enzyme HpyCH4IV Enzyme 

bp 

AD 453 ــــــ ــــــ 453 ــــــ ــــــ 

AE 453 199 254 ــــــ ــــــ ــــــ 

   AF* 453 199 254 453 ــــــ ــــــ 

BD ــــــ ــــــ 453 114 339 ــــــ 

BE 199 254 ــــــ 114 339 ــــــ 

BF 199 254 453 114 339 ــــــ 

CD 453 339 114 453 ــــــ ــــــ 

 CE* 453 339 114 199 254 ــــــ 

 CF* 453 339 114 453 254 199 

(*) refers to genotypes detected in the present study 

 
Statistical analysis  

Allelic frequencies per locus and population were 
calculated using FSTAT for windows, version 2.9.3.2 
(Goudet, 2002). Genotypic frequencies per locus and 
population were calculated manually with the formula 
given below; 

Frequency of observed heterozygotes = 
������������ ������

����� ������ �� �����������
 

 
Calculation of Estimated Breeding Values (EBV) for 
phenotypic traits:  
The collected data of milk yield and composition traits 
were used to estimate the EBV for each animal by the 
use of MTDFREMEL program of Boldman et al. (1995) 
using the following model: 

EBVijo= Yijo – ( + Li + Pj + εijo) 

Where: 
EBVijo: is the estimating breeding value of the kth 

animal on oth trait 
Yijo:    is the observed value of the kth animal 
:       is the overall mean 
Li:      is the fixed regression coefficient on ith Location 
Pj:      is the fixed regression coefficient on jth parity 
εijo:     is the Random error.   

 

Linkage analysis 
After identifying the κ-CN genotypes for all 

individuals using PCR-RFLP analysis, the linkage 
analysis was performed using these genotypes and EBV 
as a phenotypic values of milk yield and composition 
traits to detect the linkage between studied genes and 
phenotypic traits. Data of current experiment were 
analyzed using SAS program applying stepwise 
procedure (SAS, 1999).  
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The association of detected κ-CN genotypes, 
through using AcuI and Hpych4IV enzymes, with milk 
yield and milk composition traits was estimated by 
stepwise regression analysis in which milk yield and 
composition traits were the dependent variables and the 
κ-CN genotypes were the independent variables.  

Partial regression analysis was employed to detect 
the effects of different κ-CN genotypes linked to the 
total estimated breeding value (EBV) variation for milk 
yield and composition traits. The percentage of the total 
genetic variation explained by the association between 
each single genotype of the total genotypes used and 
each trait is R2 (coefficient of determination) value. The 
statistical analysis model of stepwise regression is 
mentioned below:  

Yijk = a + ∑βiGj + εijk 

Yijk: Accession means for study trait to: 
a:   Intercept function for the set of independent 
variables within β within G 
βi:   The partial regression coefficients that specified the 
empirical relationship between Y and Gj  
Gj:  Gene alleles (J =1, 2, 3) 
εijk:  Random error.   

RESULTS AND DISCUSSION 

Stepwise regression analysis “Forward solution”  
Stepwise regression analysis used to determine the 

best equation solution to estimate the regression of the 
studied traits (dependent variable) on the genotypes of 
enzymes used (independent variables).    

Daily Milk Yield (DMY)  
Results of stepwise analysis for DMY trait are 

shown in Table (5), the first forward model has the 
single effect of the independent variable (HpyCH4IV, 
genotypes), and the second one added the combined 
information of genotypes from both HpyCH4IV and 
AcuI, enzymes (Compact genotypes) to the equation. 
Applying the second equation resulted in increasing the 
model accuracy R2 by (3.80%) and decreasing value of 
Mallow’s Cp by 2.03 comparing to the first equation due 
to addition of compacted genotypes information, 
therefore the covariance between HpyCH4IV genotypes 
and compacted genotypes makes the prediction of DMY 
value more precisely with statistically significant (P ≤ 
0.03).

 
Table (5): Stepwise regression of DMY trait on different genotypes (to forward solution) 

Step Enzymes 
Intercept 

(ai) 
Estimate 

(βi) 
Partial 
R2 (%) 

Model 
R2 (%) 

Mallow’s 
Cp 

Probability 
(Pr ≤) 

1 HpyCH4IV 10.43 -1.32 7.41 7.41 5.03 0.007 

2 
HpyCH4IV 

7.39 
-1.05 7.41 

11.22 3.00 
0.03 

Compacted Genotypes 0.45 3.80 0.04 

 
Total Milk Yield (TMY)  

Applying stepwise regression in Table (6) showed 
that, the first equation was the best one due to the 
significant single positive effect of AcuI genotypes on 
TMY trait at (P ≤ 0.02) comparing to the second 
forward equation, which combined between the effect of 
AcuI genotypes and compacted genotypes that had not 
any statistical effect on TMY trait. Consequently, it 
seems that genotyping of the κ-CN gene by using AcuI 

enzyme was successfully linked to the TMY trait with 
highly significant value (P ≤ 0.02).  

Total Milk Yield in 305 days (T305)  

Applying stepwise regression in Table (7) clarified 
that there was no statistically significant effect of the 
independent variable (HpyCH4IV enzyme) on T305 
trait.

 
Table (6): Stepwise regression of TMY trait on different genotypes (to forward solution) 

Step Enzymes 
Intercept 

(ai) 
Estimate 

(βi) 
Partial 
R2 (%) 

Model 
R2 (%) 

Mallow’s 
Cp 

Probability 
(Pr ≤) 

1 AcuI 1090.61 239.60 1.75 1.75 2.48 0.02 

2 
AcuI 

1110.19 
714.48 1.75 

2.25 3.00 
NS 

Compacted Genotypes -164.82 0.49 NS 

 
Table (7): Stepwise regression of T305 trait on different genotypes to forward solution 

Step Enzyme 
Intercept 

(ai) 
Estimate 

(βi) 
Partial 
R2 (%) 

Model 
R2 (%) 

Mallow’s 
Cp 

Probability 
(Pr ≤) 

1 HpyCH4IV 2283.95 -147.37 1.35 1.35 1.05 NS 
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Milk Components traits  
Milk Fat trait (FAT %) 

As shown in Table (8), by applying stepwise 
analysis, we got two different models. The first forward 
model has the single effect of the independent variable 
(AcuI, genotype), and the second one has two 
independent variables (AcuI and compacted genotypes.  

AcuI genotypes alone, in first forward equation had 
highly significant effect at (P ≤ 0.0007) which makes 
the prediction of FAT percentage value more precisely. 
Therefore, genotyping of κ-CN gene by using AcuI 
enzyme was successfully linked to the FAT percentage 
trait with highly significant (P ≤ 0.0007).   

 
Table (8): Stepwise regression of FAT % trait on different genotypes to forward solution 

Step Enzymes 
Intercept 

(ai) 
Estimate 

(βi) 
Partial 
R2 (%) 

Model 
R2 (%) 

Mallow’s 
Cp 

Probability 
(Pr ≤) 

1 AcuI 8.05 1.15 3.9 3.9 2.05 0.0007 

2 
AcuI 

8.10 
2.41 3.9 

4.2 3.00 
NS 

Compacted Genotypes -0.44 0.3 NS 

 
Milk Protein trait (Protein %) 

As shown in Table (9), there are two forward 
stepwise models, the first forward model has the single 
effect of the independent variable (HpyCH4IV, 
genotypes) and the second one has two independent 
variables (HpyCH4IV, genotype and compacted 

genotypes). All applied forward solutions failed to 
determine the best equation to estimate the regression of 
protein% trait on different genotypes of used enzymes, 
i.e., they did not make any statistically significant 
improvement in R2 and this is may be due to low 
variations of protein% estimates between animals.  

 
Table (9): Stepwise regression of Protein % trait on different genotypes (to forward solution) 

Step Enzymes 
Intercept 

(ai) 
Estimate 

(βi) 
Partial 
R2 (%) 

Model 
R2 (%) 

Mallow’s 
Cp 

Probability 
(Pr ≤) 

1 HpyCH4IV 3.87 0.12 0.66 0.66 2.12 NS 

2 
HpyCH4IV 

3.73 
0.13 0.66 

1.01 3.00 
NS 

Compacted Genotypes 0.02 0.35 NS 

 
Milk Lactose trait (Lactose %) 

Results of stepwise regression in Table (10) 
showed that the covariance between the two 
independent variables (AcuI, genotypes and compacted 
genotypes) in the second equation will improve R2 value 
by 2.47% with highly statistically significant value (P < 
0.0001). From both solutions equations, we figure out 
that, the partial regression coefficient estimates for AcuI 
genotypes had negative effects on lactose trait with 
highly statistically significant value (P<0.0001) while 

the partial regression coefficients estimate for 
compacted genotypes had positive effect on lactose trait 
with highly statistically significant value (p ≤ 0.003), 
therefore addition of both independent variables to the 
regression model equation will increase the precision of 
predicting lactose trait, i.e., genotyping of κ-CN gene by 
using AcuI and HpyCH4IV enzymes was successfully 
linked to lactose trait at highly statistically significant 
level. 

 
Table (10): Stepwise regression of Lactose % trait on different genotypes to forward solution 

Step Enzymes 
Intercept 

(ai) 
Estimate 

(βi) 
Partial 
R2 (%) 

Model 
R2 (%) 

Mallow’s 
Cp 

Probability 
(Pr ≤) 

1 AcuI 5.66 -0.32 6.88 6.88 9.79 <.0001 

2 
AcuI 

5.63 
-1.08 6.88 

9.35 3.00 
<.0001 

Compacted Genotypes 0.26 2.47 0.003 

 
Total Solids trait (TS %) 

Results in Table (11) showed that, there were two 
equations; the first one reflected the single effect of the 
independent variable AcuI genotypes while, the second 
one represented the covariance between two 

independent variables (AcuI genotypes and compacted 
genotypes). However, increasing the accuracy model by 
0.14% in the second model, but the single effect of AcuI 
genotypes is the best equation for estimating regression 
of TS trait on genotypes of κ-CN gene with highly 
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significant (P ≤ 0.002), i.e., changes in TS trait largely 
depend only on the partial regression coefficient of the 
AcuI genotypes. Consequently, from results of analysis, 
it seems that genotyping of the κ-CN gene by using 
AcuI enzyme successfully linked to the TS trait with 
highly significant (P ≤ 0.002).    

Solids not fat trait (SNF %) 
From stepwise regression results of Table (12), we 

noticed that, accede of AcuI genotypes to the model 
increased the accuracy by 1.49% and decreased 
Mallow’s CP by 2.98  at significant level of (P ≤ 0.02), 
which resulted in more precision of SNF% trait 

prediction. Therefore, using the covariance between 
AcuI and HpyCH4IV genotypes was successfully linked 
to the SNF% trait and could be considered the best 
regression equation, due to lowering Mallow's Cp value 
and increasing R2 ratio at P ≤ 0.02 comparing to the 
single effect of HpyCH4IV genotypes in the first 
equation.    

Ash trait (Ash %) 
From results of stepwise analysis in Table (13), 

only the addition of AcuI genotypes to the model had 
statistically significant positive effect at (P ≤ 0.011).  

 
Table (11): Stepwise regression of TS% trait on different genotypes (to forward solution) 

Step Enzymes 
Intercept 

(ai) 
Estimate 

(βi) 
Partial 
R2 (%) 

Model 
R2 (%) 

Mallow’s 
Cp 

Probability 
(Pr ≤) 

1 AcuI 18.47 0.98 2.85 2.85 1.46 0.002 

2 
AcuI 

18.50 
1.82 2.85 

2.99 3.00 
NS 

Compacted Genotypes -0.29 0.14 NS 

 
 Table (12): Stepwise regression of SNF % trait on different genotypes (to forward solution) 

Step Enzymes 
Intercept 

(ai) 
Estimate 

(βi) 
Partial R2 

(%) 
Model 
R2 (%) 

Mallow’s 
Cp 

Probability 
(Pr ≤) 

1 HpyCH4IV 8.90 0.33 2.20 2.2 5.98 0.007 

2 
AcuI 

8.62 
0.20 1.49 

3.69 3.00 
0.02 

HpyCH4IV 0.29 2.2 0.02 

 
Table (13): Stepwise regression of Ash % trait on different genotypes (to forward solution) 

Step Enzyme 
Intercept 

(ai) 
Estimate 

(βi) 
Partial 
R2 (%) 

Model 
R2 (%) 

Mallow’s 
Cp 

Probability 
(Pr ≤) 

1 AcuI 0.78 0.08 2.03 2.03 1.12 0.011 

 
Humidity trait (Humidity %) 

As shown in Table (14), the single negative effect 
of AcuI genotypes was statistically significant at (P ≤ 
0.002) on humidity% trait as mentioned in first 
equation, therefore, the first equation which involved 

only AcuI genotypes was the best one with highly 
significant effect (P ≤ 0.002) instead of non-significant 
effect of acceding the compacted genotypes in the 
second model.  

 
Table (14): Stepwise regression of Humidity trait on different genotypes (to forward solution) 

Step Enzymes 
Intercept 

(ai) 
Estimate 

(βi) 
Partial 
R2 (%) 

Model 
R2 (%) 

Mallow’s 
Cp 

Probability 
(Pr ≤) 

1 AcuI 81.45 -0.97 2.97 2.97 2.27 0.002 

2 
AcuI 

81.39 
-2.32 2.97 

3.37 3.00 
NS 

Compacted Genotypes 0.47 0.40 NS 

 
Least-square means for studied milk production 

traits within different enzymes’ genotypes using 
Duncan’s method. 

According to analysis of variance results, except 
for average breeding value of the percentage of protein 

and 305d milk yield traits, all mean squares of milk 
production and its chemical constituents were 
influenced by κ-CN polymorphisms.     

The least-square means of DMY and TMY traits 
within different enzymes’ genotypes are presented in 
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Table (15), while the least-square means of Fat%, 
Lactose%, SNF%, TS%, Ash%, and Humidity% within 
different enzymes’ genotypes are presented in Table 
(16).   

Non-availability of literature data on the 
relationship of κ-CN genotypes with both milk yield and 
its chemical composition traits in buffaloes may be 
resulted from the monomorphic profile for κ-CN gene 

reported by the majority of these reviewed studies and 
hence, it will not be possible to assess the relationship 
between resulted homozygotes and milk constituents; or 
may be due to focus only on genetic characterization of 
this gene in most literature review. Consequently, 
discussion of this part will be limited only on cattle data 
that are not also conclusive, and are sometimes even 
conflicting.  

 
Table (15): Least-square means (LSM) and standard errors (in parentheses) for milk yield traits across different 

genotypes of used enzymes. 

Restricted enzyme Genotypes 
Least-square means 

DMY (kg) TMY (kg) 

AcuI 
AA 5.88ns (0.67) 1412.62b (116.52) 

AB 7.23   (0.24) 1632.63a (67.66) 

HpyCH4IV 
AB 7.30a (0.33) 1440.22a (52.86) 

BB 5.81b (0.53) 1605.04b (137.59) 

Compacted Genotypes 

AF 6.63b (0.62) 1330.21b (94.86) 

CE 6.48b (0.41) 1715.05a (127.03) 

CF 7.98a (0.25) 1550.23ab (46.65) 

 
Daily Milk Yield (DMY) 

The means of DMY trait within HpyCH4IV and 
compacted genotypes were significantly differed, 
whereas, they had non-significant differences within 
AcuI genotypes, i.e., heterozygous animals ("AB" and 
"CF" genotypes) of both HpyCH4IV and compacted 
genotypes had higher means of DMY trait, while 
homozygous "AA" animals were not significantly 
differed than heterozygous "AB" animals within AcuI 
genotypes (Table 15). Consequently, heterozygous 
animals showed better daily milk yield than 
homozygotes. 

Some authors found significant effect of κ-CN 
genotypes on the DMY trait in cattle, as Mohammadi et 
al. (2013) who reported that, comparison of the least 
square means showed significant difference between 
"AA" and "BB" genotypes of the κ-CN gene for milk 
production in Iranian Holstein cattle. They found that 
individuals with "AA" genotype had higher significantly 
differences for DMY (29.08±7.36 kg) than individuals 
with "BB" (28.03±6.17 kg) and "AB" genotypes 
(28.11±5.89 kg). In addition, Wolanciuk (2015) noticed 
that cows with allele "A" of the κ-CN gene produced 
significantly more daily milk yield (P ≤ 0.05), and the 
"BB" homozygotes produced 2.9-4.32 kg less milk 
compared with the "AA" κ-CN homozygotes. On 
contrary, some other investigators noticed non-
significant statistical effect of different κ-CN genotypes 
on DMY trait, such as Kübarsepp et al. (2005). 
Additionally,  Petrovska et al. (2017) who reported that, 
there was no statistical difference between different 
genotypes, but the highest DMY trait was observed 
from "AB" κ-CN genotype in Latvian Brown breed 
(19.7 ± 1.52 kg); while a lower daily milk yield was 
"BB" genotype in the same breed (14.6 ± 4.65 kg).  

 Total Milk Yield (TMY) 
Within AcuI genotypes, heterozygous individuals 

"AB" had been considered better milk producers than 
homozygous individuals "AA". On contrary, results for 
HpyCH4IV genotypes clarified that, animals with 
homozygous genotypes "BB" showed more significant 
difference for means of TMY trait than those with 
heterozygous genotypes "AB". Also, results of 
compacted genotypes signified that the compacted 
genotypes ("CE" genotypes) which involved 
heterozygotes of AcuI genotypes with homozygotes of 
HpyCH4IV genotypes had higher means of TMY trait 
with statistically significant difference, while 
heterozygote compacted genotypes ("CF" genotypes) 
had not any statistically significant difference than other 
compacted genotypes ("CE" and "AF" genotypes) 
(Table 15). 

In some reviewed studies, TMY trait was 
significantly influenced by different κ-CN genotypes, as 
reported by Mir et al. (2014) who found that, κ-CN gene 
polymorphism had statistically significant (p < 0.05) 
association with milk yield; animals with κ-CN "AB" 
genotype had higher TMY during 1st lactation (+421.8 
kg) and 2nd lactation (+588.8 kg) than those with "AA" 
genotype. Therefore, incorporation of "AB" genotypes 
for κ-CN may help to improve the milk yield in Sahiwal 
cattle population of Pakistan. Also, Djedović et al. 
(2015) showed that, κ-CN genotypes statistically 
significantly (P ≤ 0.05) influenced the TMY; Simmental 
cows of "AB" genotypes had higher milk yield (+191 
kg) than "AA" and (+787 kg) than "BB" genotypes. 
Similarly, "AB" genotyped crossbred animals have 
higher milk yield (+560 kg) than "AA" genotyped 
individuals. Similar results were obtained for Busha 
individuals. Also, "AB" individuals had higher milk 
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yield (+140 kg) than "AA" and (+289 kg) than "BB" 
genotypes. From the other hand, (Trakovická et al., 
2012; Miluchová et al., 2018) reported that κ-CN 
polymorphism had no significant effect on evaluated 
TMY.  

Milk Components traits  

Milk Fat trait (FAT %) 
Results of Table (16) showed that, animals with 

heterozygous genotypes "AB" within AcuI enzyme or 
individuals with compacted genotypes ("CE" genotypes) 
which involved heterozygotes of AcuI genotypes with 
homozygotes of HpyCH4IV genotypes showed 
significantly higher fat percentage. As well, 
heterozygous compacted genotypes ("CF" genotypes) 
showed more fat percentage than those involved 
heterozygotes of HpyCH4IV genotypes with 
homozygotes of AcuI genotypes ("AF" genotypes). 
Whereas, all HpyCH4IV, genotypes had no statistical 
differences between each other for fat percentage trait. 
From previous results, we concluded that heterozygous 
genotypes of AcuI enzyme should be involved in the 
breeding programs that aiming to improve the 
percentage of fat trait of produced milk. 

From one hand, some investigations reported that, 
κ-CN polymorphism had significant influence on fat 
content or fat yield in different cattle breeds, as  
Kučerová et al. (2006) who noticed that, genotype "AA" 
was associated with the highest breeding value for fat % 
(+0.020), followed by "BB" genotype with lower fat % 
(+0.007).  On contrary, Wolanciuk (2015) noticed that 
"BB" homozygotes generally correlated with higher 
content of fat (by 0.12: 0.52) compared with the "AA" 
κ-CN homozygotes. While, Botaro et al. (2009)  
demonstrated that, κ-CN genotypes had significant 
effect on milk fat %, i.e., "AB" cows had the highest 
milk fat content followed by "AA" and "BB" (3.38, 
3.25, and 3.14% respectively). Also,  Hamza et al. 
(2011) indicated that, κ-CN genotypes identified using 
SSCP genotyping method had significant (P<0.05) 
effect on fat content. They observed that cows with 
genotype TT had significantly higher fat (3.89%) than 
those of genotypes CC and TC (3.62 and 3.66%, 
respectively) in Chinese Holstein cattle. Moreover, 
Djedović et al. (2015) showed that, κ-CN genotypes 
statistically highly significantly (P ≤ 0.01) influenced 
the milk fat yield. "AB" genotyped cows throughout all 
examined breeds and crossbreds in this study had higher 
milk fat content in relation to "AA" and "BB" 
genotypes, Simmental cows of "AB" genotypes had 
higher milk fat yield (+32 kg) than "AA" and (+39.8 kg) 
than "BB" genotypes producing through the same 
period, similarly, "AB" genotyped crossbred animals 
had higher milk fat yield (+8.8 kg) than "AA" and 
(+12.4 kg) than "BB" genotypes. 

From the other hand, some authors such as 
Kübarsepp et al. (2005); Trakovická et al. (2012); 
Mohammadi et al. (2013); Djedović et al. (2015); 
Miluchová et al. (2018) reported that, polymorphisms of 
κ-CN were not associated with milk fat percentage or 
yield of dairy cattle. Mohammadi et al. (2013) found 
that comparison of the least square means showed non-
significant difference between "AA" and "BB" 

genotypes of the κ-CN gene for fat content in Iranian 
Holstein cattle. However, animals with "AA" genotypes 
had the higher percentage of fat (3.44±0.53). As well, 
Djedović et al. (2015) showed that, κ-CN genotypes did 
not influence significantly (P > 0.05) the milk fat 
content. Also, Miluchová et al. (2018) suggested that, κ-
CN gene polymorphism had no statistical effect on the 
average breeding value for fat yield as well as the 
percentage of milk fat. Additionally, Trakovická et al. 
(2012) found that, κ-CN polymorphism had no 
significant effect on evaluated fat yield (kg) in standard 
period of lactation; however, there was a positive 
indication of the "AA" genotype effect on milk fat yield.   

Milk Lactose trait (Lactose %) 
As presented in Table (16), animals with different 

genotypes of either individual enzymes or compacted 
genotypes showed statistical differences for lactose% 
trait. By using AcuI genotyping, animals with 
homozygous "AA" genotypes had higher lactose % than 
those with heterozygous "AB" genotypes. On contrary, 
by using HpyCH4IV, the heterozygous individuals 
"AB" had the higher means of lactose% comparing to 
homozygous individuals "BB". As well the compacted 
genotypes that involved heterozygotes of HpyCH4IV 
genotypes with homozygotes of AcuI genotypes ("AF" 
genotypes) showed the highest significant means of 
lactose% comparing to other compacted genotypes, 
followed by individuals involved the heterozygous 
genotypes from both enzymes ("CF" genotypes).   

Wolanciuk (2015) mentioned that, "AA" and "BB" 
genotypes of the κ-CN gene showed significant 
difference for lactose %. In Polish Red breed, "AA" 
genotype had higher content of lactose% by 0.13, while, 
in White-backed breed "BB" genotype had the more 
percentage of lactose by 0.29. Hamza et al. (2011) 
indicated that, κ-CN genotypes identified that using 
SSCP genotyping method had significant (P<0.05) 
effect on lactose content of cows genotyped as "TC" had 
significantly highest lactose content (4.87%) followed 
by those of genotypes "CC" and "TC" (4.85 and 4.76%, 
respectively) in Chinese Holstein cattle. From the other 
hand, Botaro et al. (2009)  found that, κ-CN genotypes 
had insignificant effect on lactose %.  Also, Wolanciuk 
(2015) concluded that, κ-CN genotypes showed non-
significant effect on lactose % in both Polish Holstein-
Friesian and Jersey breeds 

Total Solids trait (TS %) 
As mentioned in Table (16), the highest mean of 

TS% trait was observed for animals with compacted 
genotypes containing heterozygous genotype of AcuI 
enzyme and homozygous genotype of HpyCH4IV 
enzyme ("CE" genotype), followed by the heterozygotes 
individuals ("CF" genotype). In parallel, within AcuI 
genotypes, heterozygotes animals "AB" had the highest 
significant mean of TS% trait. On contrary, all 
genotypes of HpyCH4IV enzyme did not statistically 
differ from each other. 

Botaro et al. (2009)  showed that, κ-CN genotypes 
had insignificant effect on TS %. While, Hamza et al. 
(2011) indicated that, κ-CN genotypes identified using 
SSCP genotyping method had significant (P<0.05) 
effect on TS content in Chinese Holstein cattle.   
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Solids not fat trait (SNF %) 

The highest mean of SNF% trait was observed for 
animals with compacted genotypes containing 
heterozygous genotype of AcuI enzyme and 
homozygous genotype of HpyCH4IV enzyme ("CE" 
genotype). So, within AcuI genotypes, heterozygous 
animals "AB" had the highest significant mean of 
SNF% trait. On contrary, homozygotes "BB" animals 
had the highest mean of SNF% trait for HpyCH4IV 
enzyme (Table 16). Hamza et al. (2011) indicated that, 
genotypes of κ-CN identified using SSCP genotyping 
method did not affect solids not fat trait in Chinese 
Holstein cattle.   

Ash trait (Ash %) 
From results of Table (16), we observed that, 

within AcuI genotypes, heterozygous animals "AB" had 
the highest significant mean of Ash% trait. In addition, 

animals with compacted genotypes containing 
heterozygous genotype of AcuI enzyme, with either 
homozygous or heterozygous genotype of HpyCH4IV 
enzyme, had the highest significant mean of Ash trait. 
While all genotypes of HpyCH4IV enzyme did not 
statistically differ from each other.  

Humidity trait (Humidity %) 
The highest statistical mean of humidity% trait 

was observed for homozygotes "AA" animals within 
AcuI genotypes. Moreover, we noticed also that animals 
genotyped with "AF" genotype that combined between 
homozygotes from AcuI enzyme and heterozygote from 
HpyCH4IV enzyme had the highest significant mean of 
humidity% trait from all compacted genotypes. On 
contrary, HpyCH4IV genotypes had not any statistical 
difference from each other (Table 16). 

 
Table (16): Least-square means (LSM) and standard errors (in parentheses) for milk components traits across different 

genotypes of used enzymes. 

Restricted 
enzyme 

Genotypes 
Least-square means 

FAT% Lactose% TS% SNF% Ash% Humidity% 

AcuI 
AA 

9.42b 
(0.36) 

5.21a 
(0.07) 

19.60b 
(0.36) 

9.54b (0.10) 
0.86b 
(0.03) 

80.25a 
(0.35) 

AB 
10.52a 
(0.21) 

4.91b 
(0.04) 

20.55a 
(0.21) 

9.74a (0.06) 
0.94a 
(0.02) 

79.34b 
(0.21) 

HpyCH4IV 
AB 

9.75ns 
(0.16) 

5.19a 
(0.03) 

19.93ns 

(0.16) 
9.50b (0.05) 

0.89ns 

(0.02) 
80.03ns  

(0.16) 

BB 
10.19 

(0.43) 
4.93b 
(0.09) 

20.22  

(0.44) 
9.78a (0.12) 

0.91 

(0.04) 
79.56 

(0.42) 

Compacted 
Genotypes 

AF 
9.21b 
(0.29) 

5.34a 
(0.06) 

19.45b 
(0.29) 

9.40b (0.09) 
0.85b 
(0.03) 

80.49a 
(0.28) 

CE 
10.74a 
(0.40) 

4.78c 
(0.08) 

20.69a 
(0.40) 

9.89a (0.11) 
0.94a 
(0.04) 

79.11b 
(0.39) 

CF 
10.31a 
(0.14) 

5.04b 
(0.03) 

20.40a 
(0.14) 

9.60b (0.04) 
0.93ab 

(0.01) 
79.57b 
(0.14) 

 
The non-significant association between genetic 

variants of κ-CN gene and both of protein percentage in 
milk and total milk yield in 305 day traits found in this 
study in Egyptian buffaloes may be resulted from 
insufficient numbers of studied animals, minor variation 
in estimated values of protein% between studied 
animals or existence of a large-scale variety of κ-CN 
genotypes between cattle breeds comparing to 
buffaloes. Therefore, discussion will be limited here on 
the effect of κ-CN polymorphisms on protein% trait and 
305d milk yield in cattle breeds.      

Some reviewed studies conducted on cattle breeds 
to determine the linkage between κ-CN polymorphisms 
and protein % indicated that, κ-CN genotypes had 
significant effect on milk protein % as mentioned by 
Kučerová et al. (2006) who found that, genotype "BB" 
was associated with the highest breeding value for 
protein % (+0.038), while, "AA" genotype was 
associated with lower average breeding value for 
protein % (+0.022). As well, Mohammadi et al. (2013) 
reported that, comparison of the least square means 
showed significant difference between "AA" and "BB" 
genotypes of the κ-CN gene for milk protein percentage 

in Iranian Holstein cattle. Cows with "BB" genotype 
had higher significantly differences for milk protein 
percentage (3.20±0.36) than those with "AA" 
(3.09±0.27) and "AB" genotypes (3.19±0.13). Also, 
Wolanciuk (2015) showed that "BB" homozygotes was 
generally correlated with higher protein content (by 
0.13-0.51), compared with the "AA" κ-CN 
homozygotes. Allele "B" of the κ-CN was also linked to 
higher casein content in the milk. Additionally, 
Miluchová et al. (2018) suggested that, κ-CN gene 
polymorphism had a measurable effect on the average 
breeding value for the percentage of protein in milk of 
Holstein cows. Statistical analysis confirmed that the 
"AA" genotype significantly reduces the average value 
of the protein content of milk (by 0.09% on average), 
compared with genotype "BB". While, Kübarsepp et al. 
(2005) and Botaro et al. (2009) reported that κ-CN 
genotypes had no significant effect on protein content. 
Similarly, Trakovická et al. (2012) found that, κ-CN 
polymorphism had no significant effect on evaluated 
protein yield (kg) in standard period of lactation; 
however, there was a positive indication of the "AA" 
genotype effect on protein yield. Also, Hamza et al. 
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(2011) indicated that, κ-CN genotypes identified using 
SSCP genotyping method had insignificant (P>0.05) 
effect on protein, however, cows with genotype "TT" 
had insignificantly higher proteins (3.50%) than those of 
other two genotypes (3.35 and 3.36%, respectively) in 
Chinese Holstein cattle. Hamza et al. (2010) mentioned 
that, different κ-CN genotypes had no significant (P > 
0.05) effect on 305day milk yield of Chinese Holstein 
cattle.  
 

CONCLUSION 

The major interest of this study was to discover 
the linkage between κ-CN genotypes resulted from 
PCR-RFLP analysis with milk yield and composition 
traits.  Results of stepwise regression analysis signified 
that AcuI genotypes had successfully linked to most 
studied traits such as, TMY, FAT%, TS%, Ash%, and 
Humidity% with highly statistical significance. In some 
cases, the covariance between the independent variables 
(AcuI, HpyCH4IV, or compacted genotypes) 
represented the best regression equation, such as, with 
DMY and lactose%. All applied forward solutions failed 
to determine the best equation to estimate the regression 
of protein% and T305 traits on different genotypes of 
used enzymes. Comparisons of least-square means for 
studied traits showed that, heterozygous animals were 
significantly superior animals comparing to 
homozygous animals, especially within AcuI or 
compacted genotyped animals. In other words, they 
could be considered the most superior individuals 
producing better milk with distinct fat %, TS %, SNF 
%, and Ash % traits. On contrary, homozygous animals 
had higher lactose % and humidity % traits. 
Consequently, polymorphisms of κ-CN gene should be 
involved within modern selection programs as potential 
candidates associated with dairy performance traits 
referred to as gene assisted selection (GAS) that permits 
to select animals at early age for breeding programs. 
The present study recommended involving 
heterozygous animals in the breeding programs scheme 
that aiming to improve milk quantity and quality 
properties of the Egyptian buffalo populations. Further 
researches with large numbers of animals are required to 
accurate investigate the associations of κ-CN genotypes 
with milk yield and components traits for the Egyptian 
buffaloes.  
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اللبن في  إنتاجبصفات وارتباطھ  PCR-RFLPالتنمیط الوراثي لجین الكابا كازین باستخدام تقنیة 
 الجاموس المصري

سمر محمد  ، ١أیوب رمصطفي عبد الستا ، ٣أمین محمد أمین،  *١علي غازي عبد االله ، ١،٢محمد فوزي الزرعي -١زینب محمد الشوا
  ١سمیر أحمد مختار ،١مردان

جمھوریة مصر العربیة - ٤١٥٢٢الإسماعیلیة  - جامعة قناة السویس -كلیة الزراعة  -قسم الإنتاج الحیواني والثروة السمكیة  ١  
المملكة العربیة السعودیة -جامعة القصیم   - كلیة الزراعة والطب البیطري  -قسم إنتاج الحیوان وتربیتھ  ٢  

القاھرة  -الدقي  -وزارة الزراعة  -قسم بحوث الجاموس  -معھد بحوث الإنتاج الحیواني ٣  
 

 PCR-RFLPتقنیة  استخدامكازین والناتجة من - تھدف ھذه الدراسة لاكتشاف الارتباط بین الأنماط الوراثیة المختلفة لجین الكابا
عینة دم من  ٨٠حیث تم تجمیع . المتعدد التدریجي الانحدارتحلیل  باستخداممع كلاً من محصول اللبن ومكوناتھ الكیمیائیة  وأنزیمات القطع

یة كازین من خمس مناطق جغرافیة مختلفة بجمھوریة مصر العرب- عشائر الجاموس المصري محل الدراسة للتوصیف الوراثي لجین الكابا
تشیر نتائج تحلیل . Milkoscanجھاز  باستخدامتم تحلیل عینات اللبن . حیوان حلاب ٥٩سجل إنتاجي وسجلات نسب لعدد  ٣٤٠بإجمالي 
ومعظم الصفات المدروسة مثل محصول  AcuIبین التراكیب الوراثیة الناتجة عن القطع بأنزیم  الارتباطالمتعدد التدریجي لأھمیة  الانحدار

، AcuI(، نسبة الدھن، الجوامد الكلیة، الرماد، الرطوبة، بینما نجد في بعض الحالات أن التباین المشترك بین المتغیرات المستقلة اللبن الكلي
HpyCH4IV ،Compacted Genotypes ( بعض الصفات مثل محصول اللبن الیومي ونسبة اللاكتوز  انحداریمثل أفضل معادلة لتقدیر

كما أن متوسط القیم التربویة لمعظم الصفات المدروسة للحیوانات ذات التراكیب الوراثیة الخلیطة أفضل منھا . ناتجةعلى التراكیب الوراثیة ال
في الحیوانات متماثلة التراكیب الوراثیة حیث تعتبر أفضل حیوانات منتجة لحلیب أعلى إنتاجاً ذو خصائص ممیزة في نسبة الدھن، الجوامد 

ووفقاً للنتائج المستخلصة .  في حین تتمیز الحیوانات متماثلة التركیب الوراثي في نسبة اللاكتوز والرطوبة. نیة والرمادالكلیة، الجوامد الغیر دھ
 الانتخابكازین كجینات مساعدة لعملیة - الحدیثة تعدد الأشكال المظھریة لجین الكابا الانتخابتتضمن برامج  أن من ھذه الدراسة فإنھ یجب

  . الإنتاجي للحیوانات الأداءالحیوانات في عمر مبكر لضمان التحسن السریع في  باختیاراح وذلك من خلال السم


