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ABSTRACT

Researchers have found contradictory evidence for the association between beta-Lactoglobulin (Blg) 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 Blg polymorphism in sheep for the purpose of investigating the association among Blg 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 Blg 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 Blg 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
(Blg). The association between Blg 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 Blg 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
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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 Blg gene and specific yield traits.

MATERIALS AND METHODS

Materials: Scanning of the studies examining the
association among Blg 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 flg
polymorphism and yield traits (for example;
lactation milk yield, fat content, protein content,
lactose content, casein content),

2) The number of animals and the Blg 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:

1. 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 I? statistics (for the significance
level of heterogeneity test (p), the level-0.10 was
used).

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).

In the analysis of the factors, Plg 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.

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 Plg gene variants
examined. This procedure was used to compare
all paired (multiply pairwise) variants. In the
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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).

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
Blg 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 plg
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 Blg 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 Plg 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 Blg 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 Blg genotypes were significant (Dario et
al., 2008; Ramos et al., 2009; Yousefi et al., 2013;
Giambra ef 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 Blg 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 flg 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 flg 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 flg

1095

The J. Anim. Plant Sci. 30(5):2020

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 flg 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 Blg 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
Blg 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 flg

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 wuse this information for breeding purposes
(Supplementary file).
Conclusion: The association between Plg 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 Blg gene must generally be investigated in
accordance with the co-dominant genetic model. A
significant association was found among Blg genotypes
and total milk yield, protein content and casein content
studied with the meta-analysis. The Blg 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 Blg 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.



9601

SOENOEQS& Jo _qunuiu A—O.ovm“** 01r’o>d-, -l (_owv

L9T°0 00001 10€0  €pLT-  TTL0- 196 SI¥'0  00°001 8050 0€TT-  19€°0-  .£T6  ST0°0 001 §50°0-  ¥08°0-  6T¥0- ,.1T8 S 1[e19A0
000°0 1861 968%-  TOLL~  6LT9 00 0000 80 ¥85'8-  0TS9I-  SS'TI- 00 000°0 1611 9LTl- TW6T 601°T 00 1 RO Juu0)
9p1°0 6178 SLL'O  ST1°0- €0 ,.68L  L¥P0 6°56 L6S0  €9T0-  L91°0  ,TEL  000°0 60'88 ¥80°0- 610~ 1S1°0- 00 ¥ Ameq  wese)
6920 00°001 80T S6T0-  I8€0  ,.T96  9T60 00001 $T9°0  895°0~  8T00  ..8T6 TS0 00001 PIE0 8650~ THI'0-  L.T¥6 Tl 1[e1980
1160 78°C8 890 91L°0~  6£0°0- .86  S8I0 98°C8 €LI0  868°0-  TYE0-  ..968  LOIO 70°C8 €80°0  9¥8°0-  TRE0~ .16 Ol BHO  JuAu0)
10€°0 OI°LI 0S8'L  vTv'T-  €1LT  L.¥86  TIEO pI°Ll 8188  PIST-  T00C  .T86  I¥ED 96°L1 pSE'E 0911~ L60'l  L.6L6 T Amreq  osope]
881°0 00°001 880°0  8¥¥'0- 810~ ,.8T6  SE€90 00001 8I1T0  8S€0-  L00-  ,,006 TS60 00001 881°0  00T0~ 9000~ ,.L'88 0T  IBRAQ
€00°0 £8°CS LVT0- 0STI-  8PL°0-  ,1°€6  18€0 LTIS 00£0  ¥8L°0-  THTO-  L.T16  T90°0 0€°1S 1650 ¥10°0-  88T0  ..b's8 11 BHO  JuAu0)
$60°0 LI'LY 9s¥'0  9€0°0-  1T0 L0718 0S80 EL'SY L8T0  8YE0-  1£0°0-  L.TY8  9£0°0 0L'8p 120°0- 1290~ IT€0- 816 6 Aeq  wjo1d
o 00°001 pEr'o  p61°0-  TI0 L6616 SL6O 007001 ILZ0  08T0- 000~ ,.£¥8  L610 007001 10v'0  €80°0-  6SI°0  ..L'68 1T  [IBRAQ
1620 86°8S 1090 0810~ 1T0  ,.b06  986°0 LT'6S 88T°0 €670~ €000~ ..LPL  9TTO €r'ss wo'0 TS0~ SKT0  L.£T6 Tl RO Juu0)
LY8°0 W0y €650 ¥L9°0- 900~ 076  06L°0 ELOY SISO LL9°0-  180°0  ,.906 8180 L8V €10 LbT0-  €€0°0  ,.0€8 6 A jed
8T°0 00°001 60T0  8IL°0~  ¥STO-  L.bL6  ¥ILO 00001 PPp0 POE0-  L00 L.8F6  S6L0 00001 CEE0  PEPO-  1S0°0-  LTLE bl I[EPAQ  PIRIA
008°0 6'99 890 ¥8Y'0-  TLO0  LLEL6  WLLO  OWKP9  TSKO  L090-  8LO0- .86  910°0 PE€9 120°0-  861°0~ 6010~ ..886 8 Lpo N
oo 80°€E LSO~ €861~ LO'I-  ,.896  SI¥'0  09S'SE €290 LSTO- €8I0 ..£T8 1200 99°9¢ vZ9'c  pITo  6lv'l el 9 Aeq oL

d 3P % 1D %S$6  dINS d d W3PM% 1D %S$6  dIS d d 3PM % 1D %S$6  dINS d u odAp speay

qd snsJdA gv qd SnSJIdA VV qV SNSIdA VY :

*SI[NSA.I [BINISIIE)S UIBLIID PUR SIN[BA (JIAIS $SIeI) POIA ure)1dd pue sadA)oudsd 31g udamoq UuolBII0SSE Y} SUIPIE3II SISA[EUB-BIITA] Y] JO SYNSAI YL, € d[qeL

uoneorjqnd jo soqunu:u (10°0>d:,, 01°0>d:, :l40¥)

182°0 00°001 8/8°0  SST0-  11€0 ..£v6  0£0°0 00°001 7900 LTTT- S¥90- L.S€6  TIT0 00°001 961°0  9/8T-  +80-  ,.S9 S [[eI9AQ

0000 0591 789°¢ €81°C 7€6T 00 000°0 9Zv1 9€8T-  S6Lv-  918°¢- 00 000°0 91°91 STS-  vL6L-  TI99- 00 I bl To R (Vo)

0000 05°€8 v0T0-  8TE0-  99T°0- 00 81€°0 vLS8 €L0°0  ¥TTO-  9L0°0- 9°LT 8810 ¥8°c8 €L9°0  TEI0- LT0 WE9L P Ameq  umese)

¥TI0 00001 680°0  SPL'0-  8T€0-  ,.£S6 116 00001 8TF'0  08¥°0- 9200 .66  ¥LSO 00001 €880  06¥°0-  L6I0  ,.896 II [[BI3AQ

SP1°0 9678 8ZI°0  SL8°0-  €L£0-  L.196 1TT0 $9C8 910 669°0-  69T°0- .. T°€6  88T0 $8T8 620 0660~  8PE0- .66 6 RQO  uAuo)

1150 YL 9¢1°0  YEE0-  660°0- 00 87€0 SELT 6LEY  SOPI-  LSPT 986  S0£0 SI‘LI L6T6  €16T- T6l'e 066 T Areq  9sopoe]

7650 00001 LIE0 T8I0 8900  ..S€6 6970 00001 TLE0 OT°0-  vEI'0 L.S06  8£80 00001 110 TsTco- 6200 L1166l [[BI3AQ

779°0 LT9S 66¥°0  662°0-  00I°0 .06  88I0 ¥6°SS 6090  0TI'0-  SvT0 L 1T6  9££0 ¥9°65 LOSO  sOr‘0-  101°0 ,.8°89 11 YO JuAUo)

9760 €LY LTEO  86T°0-  S10°0  ..F06  LL6O 90t LIE0  LTEO-  S00°0-  ,.£88  S6V0 9¢° 0 LSY0  Sv6'0-  vYT0-  ,..6°S6 8 Ameq  umoIg

601°0 00°001 vI1€0  T€0'0-  IPI0 ,.006  1TS0 00°001 0€1°0  LST'O-  €90°0- ,.668  8£80 001 11€°0  TsT0- 6200 L I°T6 0T  IE®IAQ

0000 ¥6°16 LS80 670 €55°0 P06 7990 €9°TS 1140 T92°0-  SLO'0  ,.668  9€£0 ¥9°6S LOE0  sorT'0-  101°0  ,.8°89 II YO JuAUo)

L¥0°0 90°8Y €00°0-  8¢¥0-  TTO-  ,.88%8  T60°0 LESY 8€0°0  60S°0-  S€T0-  L016  S6V0 9¢°0Y LSFO  SY60-  vPTO0- .66 6 Ameq LE|

80L°0 00001 SIS0 P9¥'0-  SLOO- L.186 €190 00001 6¥°0 06C°0-  101°0  L9L6  €1€0 00001 T€T0 T SPTO- L6L6 v [[BI9AQ  PISIA

0TH0 8 v 9960  TO¥'0-  T8CT0  L.LL6  SEE0 0S°SS T6L0  TLTO- 090 .66 1900 91°6S 8€0°0  SOLI-  p£80-  L.8L6 8 RENTe) SN

0LE0 TS°Sy Y0€0  SI80-  95T0-  ,.986  TLEO 0S‘tvy 6S9°0 €890  TIOO-  ,.886 9790 ¥8°0% YELO  THPO- 9pI0 LLL6 9 Ameq  Te0L
d 3P Y% D %S6 ans A d 3P Y% D %S6 ans A d 3P Y% D %S6 ans A

u adA, SHeI],
[PPOIA ‘umio(q 1340 3d[udo)) ‘v SNSIdA gg+VV [9POJAl FAISISIY “GI+dV SNSIA VY [PPOIAl JueUIWO(] ‘gq SNSIA gV+VV :

*31g 03 parera.a sadA1ouas Iy} JO sISA[BUE [PPOW I[JIUIL) *7 J[qe L

0202:(S)0€ "19S Jue[q ‘WY ‘Y, eSnquasy pue JPZO



Ozdemir and Esenbuga

REFERENCES

Borenstein, M., L.V. Hedges, J.P.T.Higgins and H.R.
Rothstein (2009). Introduction to Meta-Analysis.
John Wiley&Sons, United Kingdom, p.402.

Celik, S. and S. Ozdemir (2006). p-Lactoglobulin
variants in awassi and Morkaraman Sheep and
their association with the composition and
rennet clotting time of the milk. Turk J. Vet.
Anim. Sci. 30:539-544.

Cohen, J. (1988). Statistical Power Analysis for the
Behavioral Sciences. 2nd ed. Hillsdale, NIJ:
Erlbaum.

Corral, J.M., J.A. Padilla and M. Izquierdo (2010).
Associations between milk protein genetic
polymorphisms and milk production traits in
Merino sheep breed. Livest. Sci., 129:73-79.

Dario, C., D. Carnicella, M. Darioand G. Bufano (2008).
Genetic polymorphism of f-lactoglobulin gene
and effect on milk composition in Leccese
sheep. Small Rumin. Res. 74:270-273.

DeCoster, J. (2004). Meta-Analysis Notes.

http://www.stat-help.com/notes.html(Access

time:20 Feb. 2017).

F. and 1. Cemal (2010). Milk yield
characteristics and  fS-lactoglobulin  gene
polymorphism in indigenous Cine Capari sheep.
M.Sci. Thesis. Adnan Menderes University,
Graduate School of Natural and Applied
Sciences, Department of Animal Science. 2010.
Esenbuga, N. (1995). The relationships between milk

protein phenotypes and lactation properties, and
growth characteristics of lamb. M.Sc. Thesis,
Ataturk University, Natural and Applied
Science, Erzurum, Turkey. 1995.

Giaccone, P., L. Di Stasio, N.P.P. Macciotta, B.
Portolano, M. Todaro and A. Cappio-Borlino
(2000). Effect of b-lactoglobulin polymorphism
on milk-related traits of dairy ewes analysed by
a repeated measures design. J. Dairy Res.
67:443-448

Giambra, 1.J., H. Brandt and G. Erhardt (2014). Milk
protein variants are highly associated with milk
performance traits in East Friesian Dairy and
Lacaune sheep Small Rum. Res. 121: 382-394.

Hedges, L.V. (1981). Distribution theory for Glass’s
estimator of effect size and related estimators. J.
Educational Statistics 6:107-128.

Hintze, J.L. (2007). NCSS Help System. Kaysville, Utah.

Lupolov, T. and V. Petcu (2013). Study of the genetic
structure of the populations of sheep and poultry
on the basis of immunegenetic markers,
http://www.uaiasi.ro/ zootehnie/Pdf/Pdf Vol 52/
Tatiana Lupulov.pdf (Access time:20 Feb.
2017).

Erdogan,

1097

The J. Anim. Plant Sci. 30(5):2020

Martinez, H.J., S.A. Garzon, M.D. Mendez, R.F.
Aparicio and V.A. Vera (1993). S-lactoglobulin
genetic variants influence on ph, total casein and
curd yield in Manchega sheep breed. Arch.
Zootec. 42: 245-252.

Mele, M., G. Conte, A. Serra, A. Buccioni and P.
Secchiari (2007). The relationship between beta-
lactoglobulin polymorphism and milk fatty acid
composition in milk of Masses dairy ewes.
Small Rumin. Res. 73:37-44.

Michalcova, A. and Z. Krupova (2009). Influence of -
lactoglobulin C genotypes on composition of
milk and milk production traits of the Slovak
ovine breeds. Acta fytotechnicaet zootechnica-
Mimoriadnecislo Nitra, Slovaca Universitas
Agriculturae Nitriae 12: 438-446.

Mroczkowski, S., K. Korman, G. Erhardt, D. Piwczynski
and B. Borys (2004). Sheep milk protein

polymorphism and its effect on milk
performance of Polish Merino. Arch. Tierz. 47:
114-121.

Ozdemir, M., S. Kopuzlu, M. Topal and O.C. Bilgin
(2018). Relationships between milk protein
polymorphisms and production traits in cattle: a
systematic review and meta-analysis. Arch.
Anim. Breed., 61:197-206. doi.org/10.5194/aab-
61-197-2018.

Ozmen, O. and S. Kul (2016). Investigating the genetic
polymorphism in the exon 2 region of ovine
beta-lactoglobulin gene and its association with
some milk traits. Ankara Univ. Vet. Fak. Derg,
63:323-328,

Ramos, A.M., C.A.P. Matos and P.A. Russo-Almeida
(2009). Candidate genes for milk production
traits in Portuguese dairy sheep. Small Rumin.
Res. 82: 117-121.

Rozbicka-Wieczorek, A., A. Radzik-Rant, W. Rant and
K. Puppel (2015). The effect of breed, f-
lactoglobulin variants and cell count on yield,
chemical components and whey protein
composition in milk of non-dairy sheep. J.
Anim. Plant Sci. 25: 633-639.

Stata Corp. (2009). Stata Statistical Sofiware: Release 11.
College Station, TX: StataCorp LP.

Triantaphyllopoulos, K.A., P. Koutsouli, A. Kandris, D.
Papachristou, K.E. Markopoulou, A. Mataragka,
T. Massouras and 1. Bizelis (2017). Effect of f-
lactoglobulin gene polymorphism, lactation
stage and breed on milk traits in chios and
karagouniko sheep breeds. Ann. Anim. Sci.
17:371-384.

Yousefi, S., M.A. Azari, S. Zerehdaran and R. Samiee
(2013). Effect of £ -lactoglobulin and i-casein
genes polymorphism on milk composition in
indigenous Zel sheep. Arch. Tierz. 56:216-224.



