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Original Research Article

Genetic Polymorphism of a-Lactalbumin and
Lactoferrin and Their Relationship with Milkfat in West
African Dwarf Goat

ABSTRACT

Milk samples of 39 lactating West African Dwarf does in selected households in Akinyele Local
Government Area of Oyo State were analyzed to study the genetic polymorphism of a-lactalbumin and
lactoferrin and their effect on milk fat content. Genetic variants of milk protein were detected by cellulose
acetate electrophoresis; milk samples were processed to remove fat prior to analysis. The interpretation
of electrophoretic migrations revealed the presence of two alleles in each locus studied. The two alleles A
and B controlled three genotypes: AA, AB and BB. Homozygous genotypes AA and BB at the a-
Lactalbumin locus was observed in 17 and 5 individuals representing 42.5% and 12.5% respectively and
11 and 6 individuals representing 27.5% and 15% at the lactoferrin locus. No significant effect on milk fat
content was observed for the two loci studied.
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1. INTRODUCTION

Milk proteins secreted by mammary epithelial cells mainly contain caseins, whey proteins (a-Lactalbumin,
lactoglobulin, serum albumin, immunoglobulin, lactoferrin and transferrin) and enzymes [1, 2]. Since the
discovery of polymorphism of whey protein and a quantitative distribution of its variants [3] researchers
have become interested in genetic polymorphism of milk proteins. These genetic variants occur as a
consequence of either substitution or deletion of amino acids within the polypeptide chain [4]. These
variants are heritable and differ based on specie and breed in their occurrence and frequency.

Several interesting relationships between milk protein genetic variants and economically important traits
have been reported [5,6,7]. Such association could be exploited commercially by identifying favorable
genotypes which could be used as additional selection criterion in the improvement of the nutritional and
technological properties of milk.

Goat has been identified as one of the main contributors of dairy and meat products for rural people,
more than any other mammalian farm animal, particularly in developing countries [8,9]. The West African
Dwarf (WAD) goat is widely distributed across the rainforest belt of Southern Nigeria. They are short-
legged and small-bodied animals, present variable coat colours, ranging from black, brown, gray, red and
white, and sometimes combinations of these in a variety of patterns [10]. These goats are found in all of
humid Africa and are well adapted to the humid forest zone. They are highly prolific and can be bred all
year round with up to three parturitions in two years. [11] About 85% of the smallholder farmers in the
Nigerian subhumid zone keep West African Dwarf (WAD) goats [12]. Although goat milk is rarely utilized
for human consumption in Nigeria due to social belief it has been found to be useful in the treatment of
dyspepsia, peptic ulcer and biliary disorder [13]. Goat milk provide essential nutrients in human diets and
is greatly valued by those who have cow milk allergy and other nutritional diseases [9]

This study was conducted to characterize some whey protein variants in WAD goats and investigate their
association with milk fat as a preliminary work to allow a better knowledge of the breed for sustainable
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genetic improvement and to contribute to the global process initiated by the Food and Agriculture
Organization to document the World’s Animal Genetic Resource.

2. MATERIALS AND METHODS

Milk samples were collected from 39 WAD ewes of second parity; animals were sampled from 15 different
households located in Akinyele Local Government Area of Oyo State. Individual samples were collected
in the morning 5ml was taken from each doe after washing the udder with water and moping with clean
napkin. The samples were preserved in a cooler containing ice blocks and transported to the laboratory
where the samples were analyzed. Milk samples were centrifuged at 3000 x g for 10 minutes to remove
the fat fraction. Casein was precipitated by adding drops of acetic acid (10ul to 100ul) to skimmed milk
and centrifuged [14]. The whey fraction was examined for a-lactaloumin and lactoferrin genetic types.
Genotypes were determined by cellulose acetate electrophoretic analysis of individual milk samples as
reported by [15] and [16]

Milk protein alleles are co-dominant allele; thus, the genotypes were recognizable based on their relative
electrophoretic migration. Electrophoretic analysis revealed three migration zones: fast named A,
intermediate labeled AB and slow designated B.

2.1 Statistical analysis

Gene and genotypic frequencies at the two milk protein loci were computed by direct counting method.
Mean heterozygosity, expected heterozygosity and conformation to Hardy-Weinberg equilibrium (HWE)
was tested using TFPGA software [17]

Influence of milk protein loci on milkfat content was analyzed by linear model without interaction as
follows:

Yik = U+ Oi+ Bj+ €ijk

Where Yj=the observed value of milk fat; y was population mean;

a; was the fixed effect of a-lactalbumin genotype;

B; was the fixed effect of Lactoferrin genotype;

eji was random residual effect.

All data were analyzed with [18] software package. Means were separated using Duncan Multiple Range
Test (DMRT) of the SAS software.

3. RESULTS

In this preliminary investigation, the two loci were found to be polymorphic. The genotypic and allelic
frequencies of two whey protein locus of WAD goats are presented in Table 1. Two alleles A and B were
identified in each locus with allele A occurring at a higher frequency in the loci investigated. Genotype AB
was the most predominant representing 45.0% and 57.5% at the a-Lactalbumin and lactoferrin locus
respectively. The observed and the expected frequencies for the different alleles showed no significant
difference in this study. The population sampled conformed to Hardy-Weinberg equilibrium at the loci
investigated. Table 2 shows the effect of milk protein loci on the relative percentage of milk fat of the milk
of WAD does.

Table 1: Genotypic and allelic frequencies of a-Lactalbumin and lactoferrin variants in WAD goat

Ave P(HW)
Observed Genotypes (Expected) Allele frequencies Het

Locus AA AB BB A B

Lactalbumin 17(16.5584) 17(17.8831) 5(4.5584) 0.6538 0.3462 0.4527 0.75

Lactoferrin 11(12.2857) 22(19.4286) 6(7.2857) 0.5641 0.4359 0.4918 0.40

HW- Hardy-Weinberg Ave Het- Average Heterozygosity
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Table 2: Means and standard deviation values of the milk fat content for the different genotypes of
a-Lactalbumin and Lactoferrin in WAD does.

Locus Genotype Sample size Milk fat content (%)
a-Lactalbumin AA 17 2.52+0.85

AB 17 2.88+0.88

BB 5 2.44+0.70
Lactoferrin AA 11 2.42+0.81

AB 22 2.86+0.89

BB 6 2.41+0.63
P=.05
4. DISCUSSION

Goat milk exceeds cow milk in monounsaturated, polyunsaturated fatty acids and medium chain
triglycerides and is known to be beneficial for human health, especially for cardio-vascular conditions [19].
There has been considerable interest in goat milk protein due to availability of different bioactive peptide
derived from milk proteins, which have pharmaceutical and nutraceutical applications and may have
future commercial importance [20,21]. While a-Lactalbumin and lactoferrin are mainly found in whey, their
association on other milk constituents have been reported [22,23] a-Lactalbumin, alpha (LALBA) plays a
key role in the biosynthesis of lactose by regulating the substrate affinity of the lactose synthase complex
and has also been reported to have a role in induction of cell growth inhibition or apoptosis in tumor cells
and immature cells [24]. However, a-Lactalbumin knockout mice have been reported to produce highly
viscous milk which is occasioned by the absence of lactose in the milk followed by marked elevation of
protein and fat content [23]. Lactoferrin is an iron-binding glycoprotein that is closely related in structure to
the iron-transport protein, transferrin. It has been reported to be an anti-infective agent as it activates the
transcription of important immune-related genes in the small intestine and promotes systemic host
immunity [25]

Studies on protein polymorphism, which have been extensive over the recent years, indicate that milk
proteins can be utilized in both breeding practice and milk processing [26,27]. Allele and genotypic
frequencies observed in this study are similar to those described in literature for other goat breeds [28,
29]. Findings observed at the a-Lactalbumin locus revealed two alleles A and B with allele A being the
most common as previously reported in Barbari and some Indian goat breeds [28, 29]. Monomorphism at
this locus has been reported by [2] and [30] in the Red Sokoto goats and some Indian goat breeds
respectively. The predominance of this allele likely confers certain selective advantage on milk traits in
goats. In this report, lactoferrin locus was found to exhibit polymorphism with allele A occurring at a higher
frequency. However, using a genome wide approach (PCR-SSCP) [30Guo et al 2010] reported three
genotypes: GG, AA and GA in some dairy goat breeds. Variants of this protein has also been reported in
Holstein-Friesian cattle breeds [32]. Reports on the effect of milk protein types on milk traits in goat
breeds are scanty however several studies on milk protein polymorphism and their association with milk
fat and mastitis in cows have been reported [hristov33, Li et al 2004 34].

There were no significant associations between the genetic variants observed in this population and milk
fat content. This may be due to the sample size of the population used in the present study. However, in a
study on the effect of lactalbumin on milk production traits in two breeds of water buffalo, Dayal et al 2006
reported significant association between genotype BC and total and daily milk yield in Bhadawari breed.
In the Bhadawari, animals with genotype BC had 40% more total lactation yield than the those with AB
genotype.

The mean heterozygosity values of 0.4527 and 0.4978 obtained at the lactalbumin and lactoferrin locus
respectively suggests significant genetic variation in the population sampled. The population under study
is in Hardy-Weinberg’'s equilibrium with respect to the two loci investigated. This may be due to the
constant gene flow within the sampled population
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4. CONCLUSION

The present investigation revealed that a-Lactalbumin and lactoferrin locus showed polymorphism in the
milk samples of WAD goats. However further analysis should be performed using molecular tools to
investigate the association between the genetic variants and milk quality traits. Such findings can be used
for genetic improvement of the breed and to understand the role that each variant can have on milk
nutritional and technological properties

ETHICAL APPROVAL (WHERE EVER APPLICABLE)

All authors hereby declare that "Principles of laboratory animal care" (NIH publication No. 85-23, revised
1985) were followed, as well as specific national laws where applicable. All experiments have been
examined and approved by the appropriate ethics committee”

REFERENCES

1. Mao YJ, Zhong GH, Zheng YC, Pen XW, Yang ZP, Wang Y, Jiang MF. Genetic polymorphism of milk
protein and their relationships with milking traits in Chinese Yak. Asian-Aust. J. Anim Sci. 2004 ;17(11):
1479-1483

2. Ibeagha-Awemu EM, Bemji MN, Osinowo OA, Chiatti F, Chessa S, Erhardt G. Caprine milk protein
polymorphisms: possible applications for African goat breeding and preliminary data in Red Sokoto. In:
The Role of Biotechnology in Animal Agriculture to Address Poverty in Africa: Opportunities and
Challenges. Eds. Rege, J.E.O., Nyamu, A.M &Sendalo, D. Proceedings of the 4" All Africa Conference
on Animal Agriculture and 31*" annual meeting of Tanzania Society for Animal Production, Arusha,
Tanzania, 20-24 September 2005. pp. 325-332. http:/www.waap.it /arusha_proceedings.htm

3. Aschaffenburg R, Drewry J. Occurrence of different b lactoglobulins in cow’s milk. Nature 1955; 176:
218-219

4. Eigel WN, Butler JE, Ernstrom CA, Farrell HM, Harwalkar VR, JennessR, Whitney RM. Nomenclature
of proteins of cow’s milk, Fifth revision. Journal of Dairy Science. 1984; 67: 1599-1631

5. Pirisi A, Piredda G, Papoff CM, Di salvo R, Pintus S, Garro G, , Ferranti P, Chianese I. Effects of
sheep as1-casein CC, CD and DD genotypes on milk composition and cheesemaking properties. J. Dairy
Res., 1999; 66, 409-419.

6. Cardak AD Effects of genetic variants of milk protein on yield and composition of milk from Hostein-
Friesian and Simmentaler cows. South African Journal of Animal Science 2005 35(1): 41-47

7. Celuk S, Ozdemur S. Beta-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., 2006;30:
539-544.

8. Anaeto M, Adeyeye JA, Chioma GO, Olarinmoye AO, Tayo GO. Goat products: Meeting the challenges
of human nutrition. Agriculture and Biology Journal of North America, 2010 1(6): 1231-1236. doi:
10.5251/abjna 2010.1.6.1231.1236

9. Park YW Goat Milk: Composition and Characteristics. /In Encyclopedia of Animal Science, Second
Edition. Taylor and Francis: New York, Published online: 19 Nov 2010; 537-540
http://dx.doi.org/10.1081/E-EAS2-120045704




190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245

10. Mourad M, Gbanamou G, Balde IB. Performance of West African Dwarf goats under extensive
system of production in Faranah Guinea. Proc.of the 7" International Conference on Goats, France.
2000; 227-230

11. Ademosun, AA. The Scope for Improved Small Ruminant Production in the Humid Zone of West and
Central Africa: The Approach of the West African Dwarf Goat Project. In: Ayeni, A.O. and Bosman, H.G.,
Eds., Goat Production Systems in the Humid Tropics Pudoc Scientific Publishers, Wageningen, 2-13.
1993

12. FAOSTAT (2009). Food and Agricultural Organization Statistical Databases

13. Belewu MA, Adewusi BC. Distribution of protein fractions in the milk of WAD goats. Journal of Food
Technology in Africa. 2001; 6 (1): 8-10

14. Dorji T, Namikawa T, Mannan H, Kawamoto Y. Milk protein polymorphism in cattle (Bos indicus),
mithun (Bos frontalis) and yak (Bos grunniens) breeds and their hybrids indigenous to Bhutan. Animal Sci
Journal 2010; 81: 523-529

15. Davoli R.. Determinazione delle varianti genetiche delle proteine del latte mediante elettroforesi su
acetato di cellulosa, Riv. Zoot. Vet. 1981; 9: 96—101. ltalian

16. Melia S, Losi G, Castagnetti GB The influence of k-casein and B-lactoglobulin phenotypes on fatty
acid composition of milk from Reggiana cows. Dairy Science and Tech 2009; 89: 115-122

17. Miller MP. Tools for population Genetic Analysis (TFPGA) 1.3: A windows program for the analysis of
Allozyme and Molecular Population Genetic data 1997

18. SAS Institute. SAS System for Statistical Analysis. Release 9.2., SAS Inst., Inc., Cary, NC.2008

19. Haenlein, GFW. Role of goat meat and milk in human nutrition: In Proceeding of the Fifth Intl. Conf.
on Goats. Vol 11 part Il. Indian council of Agricultural Research Publishers. New Delhi, India. 1992: 575-
580

20. Clare DA, Swaisgood HE. Bioactive milk peptides: A prospectus. J Dairy Sci 2000; 83: 1187-1195.
21. Brody EP. Biological activities of bovine glycomacropeptide. Br J Nutr 2000; 84: S39-S46.

22. Vilotte JL. Lowering the milk lactose content in vivo: potential interests, strategies and
physiological consequences. Reprod Nutr Dev 2002; 42:127—-132

23. Zidi A, Casas E, Amills M, Jordana J, Carrizosa J, Urrutia B, Serradilla JM. Genetic variation at the
caprine lactalbumin, alpha (LALBA) gene and its association with milk lactose concentration. Animal
Genetics 2014; 45: 612—613

24. Hakansson A, Zhivotovsky B, Orrenius S, Sabharwal H, Svanborg C. 1995. Apoptosis induced by
Human milk protein. Proc. Nat. Acad. Sci. (USA). 1995; 92: 8064-8068.

25. Yamauchi K, Wakabayashi H, Shin K and Takase M (2006). Bovine lactoferrin: benefits and
mechanism of action against infections. Biochem. Cell Biol. 2006; 84: 291-296.

26. Litwinczuk A, Barlowska J, Drozd A, Pokora B. Milk yield and protein content and its polymorphism in
Black and White cows and crossbreds with various proportion of HF genes managed in private farms.
Ann. Univ. Marie-Curie- Sklodowska Lublin- Polonia, Section EE 1998;16: 1-6

27. Graml R, Pirchner F. Effects of milk protein loci on content of their proteins. Arch. Tierz., dummerstrof
2003; 46(4):331-340



246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268

28. Kumar P, Rout, PK, Shukla RN, Mandal A. Roy R.. Genetics of milk protein variants in different Indian
goats. 10" Int. Cong. Asian-Aust. Assoc. Anim.Prod. Sci. 2002:168

29. Garg N, Singh SK, Rout PK, Mandal A. Genetic polymorphism of milk proteins in Barbari goats.
Tropical and Subtropical Agroecosystem 2009; 11:181-183

30. Kumar A. Molecular Characterisation of milk protein polymorphism in Indian goats. Ph.D thesis
submitted to Central Institute for Research on Goats, Farah, Mathura U.P., 2005 149pp

31. Guo BL, Jiao Y, He C, Wei LX, Chang ZH, Yue XP, Lan XY, Chen H, Lei CZ A novel polymorphism of
the lactoferrin gene and its association with milk composition and body traits in dairy goats. Genet. Mol.
Res. 2010 9(4): 2199-2206. DOI 10.4238/vol9-4gmr928

32. Giblin L. Releasing the potential of bovine lactoferrin 2011 http://www.teagasc.ie/publications/

33. Hristov P, Teofanova D, Radoslavov G . Effects of genetic variants of milk protein genes on milk
composition and milk yield in cows of the Bulgarian black pied cattle. Comptes Rendus de L’Academie
Bulgare des Sciences. 2011 64 (1): 75-80.

34. Li GH, Zhang Y, Sun DX Li N Study on the Polymorphism of Bovine Lactoferrin Gene and its
relationship with Mastitis. Anim. Biotechnol. 2004.15: 67-76.



