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ABSTRACT 

Researchers have found contradictory evidence for the association between beta-Lactoglobulin (βlg) polymorphism and 
certain production traits in sheep.  The aim of the study is to explore the use of meta-analysis using different genetic 
models in relations to βlg polymorphism in sheep for the purpose of investigating the association among βlg genes and 
certain production traits, such as total milk yield, fat, protein, casein and lactose content. As a result of the analysis, the 
association between βlg genotypes, protein and casein content was determined to be statistically significant (p<0.05). It 
was found out that the mean value was superior in favor of AA genotype for total milk yield, AB genotype for protein 
content and casein content especially in dairy subgroup. However, the association among βlg genotypes and other yield 
properties was determined to be insignificant (p>0.05).  
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INTRODUCTION 

 Various studies have investigated the association 
between different forms of milk protein genes and 
economic yield traits; one of the the most important 
among these genotypic forms is the beta-Lactoglobulin 

(βlg). The association between βlg variants and certain 
production traits has been examined, and the possibility 
to use it as a polymorphic genetic marker has been 
reported in different studies (Martinez et al., 1993; Dario 
et al., 2008; Ramos et al., 2009; Yousefi et al., 2013; 
Giambra et al., 2014; Ozmen and Kul, 2016). 
Nevertheless, the differences in the association in 
question have been determined to be insignificant by 
some researchers (Esenbuga, 1995; Giaccone et al., 2000; 
Mroczkowski et al., 2004; Michalcova and Krupova, 
2009; Giambra et al., 2014; Rozbicka-Wieczorek et al., 
2015; Triantaphyllopoulos et al., 2017) (Supplementary 
file). 
 Although numerous studies have been published 
on the association between βlg gene polymorphism and 
some economic yield traits in sheep; the results are 
inconsistent due to reasons such as sample sizes used in 
studies, breed differences, the effect of the changing 
environment, the interaction between genotype and 
environment. Therefore, the results of such contradictory 
studies, which are frequently repeated, do not provide any 
benefit to producers. 
 The meta-analysis is a test method that uses the 
results of many different studies conducted in a specific 

area and provides the effect of the samples with a more 
powerful analysis. It may be necessary to apply the meta-
analysis in a specific area, especially on a number of 
studies are repeated and of which sample numbers are 
different. By combining individual studies with this 
analysis, insufficiencies experienced due to the 
limitations of the randomized design and sufficient 
sample size are not observed, and it is possible to achieve 
stronger results (DeCoster, 2004; Borenstein et al., 2009). 
 Furthermore, the meta-analysis performed 
represents a good example of obtaining clearer results by 
the combination and analysis of the study results, which 
are independent of each other in a particular field, and of 
contributing to explaining similar or different findings in 
the studies. 
 The aim of the present study was to conduct a 
meta-analysis on the results of the previous studies on 
sheep in the literature to analyze the overall association 
between βlg gene and specific yield traits. 

MATERIALS AND METHODS 

Materials: Scanning of the studies examining the 
association among βlg polymorphism and yield traits in 
databases (Web of Science, Science Direct, Google 
Scholar) was performed, and 22 original publications 
were collected from 1993 to 2017. All the articles 
selected had 3 criteria:  
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1) Studies on the association between βlg 
polymorphism and yield traits (for example; 
lactation milk yield, fat content, protein content, 
lactose content, casein content), 

2) The number of animals and the βlg genotype, 
3) The mean of the relevant yield trait of each 

genotype and the standard deviation or standard 
error. 

Data extraction: We extracted the data using a standard 
form of the content of each study prepared independently 
of each other in MicroSoft Excel. The content of the 
studies covered the name of the first author, the date and 
country of publication, the breed of animals, the number 
of animals examined, the number of genotypes, the 
Hardy-Weinberg Equilibrium, the mean of the relevant 
yield traits of genotypes, the standard deviation of the 
means and the statistical significance level of the 
association.  

Statistical analysis: The data set was prepared separately 
for each yield trait and the following methods were 
followed: 

i. In the meta-analysis, the analysis of the 
differences between the means was carried out 
according to the random effect model or fixed 
effect model. The model selection is made 
depending on whether the effects of studies are 
homogeneous or heterogeneous (Hintze, 2007). 
Accordingly, the fixed effect model was used 
when the differences of the means used in the 
study were homogeneous, and the random effect 
model was used when they were heterogeneous. 
The assumption of heterogeneity was calculated 
based on the I2 statistics (for the significance 
level of heterogeneity test (p), the level-0.10 was 
used).  

ii. The form of inheritance of the alleles to be used 
in the study was examined as dominant 
(AA+AB versus BB), complete over-dominant 
(AA+BB versus AB), recessive (AA versus 
AB+BB), co-dominant (AA versus AB, AA 
versus BB, and AB versus BB) (Ozdemir et al., 
2018). 

iii. In the analysis of the factors, βlg genotype 
differences on the related yield trait were 
evaluated according to the breeding, types of the 
sheep breed (Dairy Subgroup: Dairy sheep 
breeds and/The Others Subgroup: Dual purpose 
breeds and various crossbreeds) and were 
evaluated as overall.  

iv. Standard mean differences (SMD) and standard 
errors were calculated with 95% CI to assess the 
power of the association between the means of 
the yield traits of the βlg gene variants 
examined. This procedure was used to compare 
all paired (multiply pairwise) variants. In the 

SMD calculation, the Cohen method (Cohen, 
1988) was used when the number of the studies 
examined was large (>10), and the Hedges 
method (Hedges, 1981) was used when the 
number of the studies was low. If the number of 
studies >10, the Cohen method for standardized 
mean differences is advantageous. There is an 
overestimation of the effect size in case of a 
small number of studies. The Hedges method for 
standardized mean differences has advantages in 
the case of a small number of studies (DeCoster, 
2004). 

v. STATA version 11.0 (Stata Corp. 2009, Stata 
Statistical Software) was used in all statistical 
analyses. 

An example for the dataset: The association among the 
βlg genotypes and the total milk yield is presented in 
Table 1, as an example of the dataset utilized in the 
present study. All the data set used as material in the 
study can be seen as supplemental files. 

RESULTS AND DISCUSSION 

 The data set utilized in the present study were 
organized separately according to economic production 
traits, loci, and genetic models. Prior to performing the 
statistical evaluation, the dominant (AA+AB versus BB), 
complete over-dominant (AA+BB versus AB), recessive 
(AA versus AB+BB), co-dominant (AA versus AB, AA 
versus BB and AB versus BB) statuses of the alleles were 
considered (Table 2). According to the results of the 
analysis, generally the co-dominant feature as genetic 
model was displayed, so the association analyzes were 
performed according to this model. 
 Tables 2 and 3 contain information on the 
number of studies and the results of the meta-analysis in 
which different methods (Cohen or Hedges) were 
employed depending on the status of whether the studies 
were homogeneous or heterogeneous. The tables contain 
information on the Heterogeneity test, SMD, and 95% CI 
values, its % weight, P values of the pairwise 
comparisons. 
When the genetic model analyses conducted on βlg 
genotypes and yield traits were examined, it was found 
out that the genotype mean differences in terms of the 
total milk yield, fat, protein, and lactose content were not 
statistically significant in the Dominant and Recessive 
genetic models, and the mean differences of the fat and 
casein content were significant only in the Complete 
over-dominant model and generally AB genotype was 
determined as superior in the dairy subgroups (Table 2). 
 In the meta-analysis using 14 studies on the total 
milk yield, the associations between βlg genotypes (AA 
vs AB, AA vs BB, and AB vs BB) and the total milk 
yield were found to be significant in all the sheep and 
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subgroups (p<0.05). While the difference between AB vs 
BB genotypes in the other subgroup was found to be 
significant (p<0.05), the difference between the means of 
AA vs AB genotypes in the dairy subgroup was found to 
be significant (p<0.05), the difference between the means 
of AA vs AB and AB vs BB genotypes in the dairy 
subgroup was found to be significant (p<0.05). The 
differences between the means of the total milk yield of 
the genotypes in all sheep were found to be insignificant 
(p>0.05). It was determined that the genotypes were 
ranked as AA>BB>AB in terms of the total milk yield 
(Table 3). In the individual studies conducted, while 
some researchers reported that the total milk yield means 
between βlg genotypes were significant (Martinez et al., 
1993; Ramos et al., 2009),  the others reported that the 
mean differences were insignificant (Mroczkowski et al., 
2004; Michalcova and Krupova, 2009; Giambra et al., 
2014; Rozbicka-Wieczorek et al., 2015; 
Triantaphyllopoulos et al., 2017). 
 In the analysis of 21 studies, no significant 
association was found between βlg genotypes and fat 
content in all sheep and milk-type sheep group (P>0.05). 
While some researchers reported that the fat content 
means between βlg genotypes were significant (Dario et 

al., 2008; Ramos et al., 2009; Yousefi et al., 2013; 
Giambra et al., 2014; Ozmen and Kul, 2016). on the other 
hand, they reported that the mean differences were 
insignificant (Esenbuga, 1995; Giaccone et al., 2000; 
Michalcova and Krupova, 2009; Rozbicka-Wieczorek et 

al., 2015; Triantaphyllopoulos et al., 2017). 
 In the analysis of 20 studies, while no significant 
association was determined between βlg genotypes and 
the protein content in all sheep (p>0.05), in the dairy 
group, the protein content means of AA vs AB genotypes 
were found to be statistically different (p<0.05) and AB 
genotype was found to be superior. While there was no 
statistically significant association between the protein 
content means of AA vs AB and AA vs BB genotypes in 
the other subgroup, a significant difference (p<0.01) was 
determined between AB vs BB genotype means and the 
protein content of BB genotype was found to be superior 
(Table 3). While some authors reported that the protein 
content means were significant between  βlg genotypes 
(Mroczkowski et al., 2004; Celik and Ozdemir, 2006; 
Ramos et al., 2009; Giambra et al., 2014), the 
othersreported that the mean differences were 
insignificant (Michalcova and Krupova, 2009;  Yousefi et 

al., 2013; Rozbicka-Wieczorek et al., 2015; 
Triantaphyllopoulos et al., 2017). 
 In the analysis of 12 studies used to test the 
associationbetween βlg genotypes and the lactose 
content, no significant difference was found between the 
means in all sheep and other subgroup genotypes in terms 
of the lactose content (p>0.05). While some authors 
reported in the individual studies conducted that the 
lactose content means were significant between βlg 

genotypes and AB genotype was superior (Celik and 
Ozdemir, 2006; Yousefi et al., 2013; Rozbicka-
Wieczorek et al., 2015; Triantaphyllopoulos et al., 
2017);the others reported that the mean differences were 
insignificant (Mroczkowski et al., 2004; Michalcova and 
Krupova, 2009; Ozmen and Kul, 2016). 
 In the analysis of 5 studies used to test the 
association between βlg genotypes and the casein 
content, while there was a statistically significant 
association(p<0.01) between AA vs BB genotypes in 
terms of the casein content in all sheep, the association 
between AA vs AB and AB vs BB genotype means were 
found to be insignificant (p>0.05). A statistically 
significant association was determined between the 
casein content values of all βlg genotypes in the other 
subgroup, and the ranking of the genotypes was 
BB>AB>AA (Table 3). No significant relationship was 
determined between the casein content means of all 
genotypes in the dairy sub-group (p>0.05). While some 
researchers reported in the individual studies conducted 
that the casein content means were significant between 
βlg genotypes (Martinez et al., 1993; Rozbicka-
Wieczorek et al., 2015), the others reported that the mean 
differences were insignificant (Mele et al., 2007; Lupolov 
and Petcu, 2013). 
 The results of association studies among βlg 
polymorphism and economic yield traits are conflicting. 
These may be due to differences in the sample size, 
breeds studied, environmental effects, especially 
genotype-environmental interactions. Breeders should 
take into account the environmental conditions, animal 
breeds and genotype-environmental interactions and 
should use this information for breeding purposes 
(Supplementary file). 
Conclusion: The association between βlg gene and 
certain economic yield traits was investigated and 
assessed in accordance with a number of genetic models 
in the meta-analysis. The Meta-analysis shows that the 
association of βlg gene must generally be investigated in 
accordance with the co-dominant genetic model. A 
significant association was found among βlg genotypes 
and total milk yield, protein content and casein content 
studied with the meta-analysis. The βlg gene AA 
genotype for total milk yield, AB genotype for protein 
content and casein content have significant superiority 
especially in dairy subgroup, but important candidate 
genotype for fat content and lactose content could not be 
determined. It is suggested that βlg major gene will be 
beneficial for the improvement of the economic yield 
traits studied, and it is possible to utilize it as major gene 
and a molecular marker. 

Conflict of Interest: We certify that there is no conflict 
of interest with any financial organization regarding the 
material discussed in the manuscript. 
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