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INTRODUCTION 

Buffalo populations are found across all continents, both as domestic and wild 

animals; they easily adapt to most climate zones, to all types of exploitations, having no 

special feeding requirements. The name Bubalus comes from the generic name given 

by LINNAEUS (1758) to the Indian buffalo (Bos bubalus). Globally, the most widely 

distributed type of buffalo, with high productive performance, is the water buffalo (B. 

bubalus bubalis), also known as domestic water buffalo or Asian water buffalo. This is 

found in Asia, particularly in India, Pakistan, Iran, Iraq, Syria, in Africa, more frequently 

in Egypt, and in Europe, mainly in Italy, Greece, Bulgaria, Yugoslavia, Romania, Russia. 

From a genetic and ecological point of view, the Romanian buffalo also belongs to the 

water buffalo, i.e. the common Mediterranean water buffalo (VELEA ET AL., 1983). 

 In Romania, buffaloes are a species that was neglected for a long time, being 

mainly raised in individual farms, because this species can use feed resources that 

cannot be used by other domestic ruminant species, and the main products, milk and 

meat, were mainly used for the breeder’s family’s own consumption. The buffalo breed 

in our country was homologated in 1987 as the Romanian buffalo breed based on its 

main morphoproductive qualities and reproductive isolation system (VELEA ET AL., 

2019). The buffalo breed in our country is an autochthonous breed derived from the 

common European water buffalo, in which introgression with the Bulgarian Murrah 

breed was performed in 1960 (HUȚU, 2004; BORGHESE AND MAZZI, 2005). The 

Romanian buffalo population consists of three different types: the Carpathian type, the 

Danubian type, and the common type derived from the Indian Murrah buffalo, a better 

adapted population (GEORGESCU AND LIVIA VIDU, 2008). The most numerous 

Romanian buffaloes are of Carpathian type, with a valuable genetic resource, well 

adapted to cold climate (LIVIA VIDU, 2008). The majority of the developed countries 

are facing an overproduction of cow milk, which is why some of them impose 

quantitative restrictions and qualitative requirements. Under these circumstances, an 

important alternative milk source is that obtained from buffaloes. In the structure of 

the entire milk production worldwide, buffalo milk is the second most important 

source, after cow milk. It should be emphasized that although the number of buffaloes 

has decreased lately, they represent an important genetic resource for many areas of 

the world. Taking into account these aspects, we consider that particular attention 

should be given to the conservation of the species in areas where the number of 

buffaloes has decreased very significantly, or the major focus should be placed on the 

development in a certain direction correlated with the requirements of the market. 

The possible disappearance of buffaloes would lead to the loss of an important source 
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of high quality food products, with superior nutritive qualities, well appreciated by 

consumers. Also, some valuable qualities such as their particular adaptability and 

resistance to the exploitation and feeding conditions would be lost. Although from a 

productive point of view, the autochthonous buffalo is not particularly efficient, this 

can play in the future an important historical, touristic and genetic role as a source of 

valuable genes. The STAT 5A gene is the key intracellular mediator of prolactin 

signaling, by which the transcription of genes encoding milk proteins can be activated, 

in response to the action of prolactin (WAKAO ET AL., 1994). The STAT 5A factor is 

known as a mediator of growth hormone (GH), on which it acts as a target gene. It is a 

candidate marker for the qualities of quantitative milk and meat production from 

bovines and buffaloes. In the STAT 5A gene, 14 sequence polymorphisms were 

identified for the evidencing of different single nucleotide polymorphisms (SNP) 

(FLISIKOWSKI AND ZWIERZCHOWSKI, 2003, 2003b). 

The topic of the doctoral thesis is in accordance with the real requirements of 

Zootechny in Romania, which is experiencing a deep crisis regarding animal 

production, both quantitatively and qualitatively. 

For the autochthonous buffalo breeds, the presence of an association between 

STAT gene polymorphism and its influence on milk production can be considered a 

new molecular marker. On an economic level, the selection of buffalo populations at 

the loci of candidate genes for milk production would bring considerable benefits, 

which is the final aim of the initiated study. 

 

AIM AND OBJECTIVES OF THE RESEARCH 

The choice of the research topic had as a major argument the importance of 

using genetic markers in improvement programs that consist of the possibility of 

detecting some major genes that are closely connected to groups of genes responsible 

for certain productive features in female buffaloes, as well as the advantages of using 

DNA genetic markers over markers resulting from protein polymorphism, because the 

latter have a reduced polymorphism level, limited genome coverage, and require the 

presence of the gene expression to be detected. 

The aim of this research was to investigate the morphology of the mammary 

gland in the Romanian buffalo, to evaluate the microbiological quality, the qualitative 

parameters, the degree of hygiene of the milk, and to identify the STAT 5A gene 

polymorphism that can be associated with some characteristics of milk production.  
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Objectives of the research and organization of the experimental design. Taking 

into account the complexity of the proposed aim, a number of objectives were 

established. 

1. Conducting a meta-analysis of the literature data referring to the influence of 

morphophysiological structures on milk production in ruminants. 

2. Identifying the material and techniques used in the study of the morphology of 

the mammary gland.  

3. Identifying a buffalo farm specialized in milk production. 

4. Forming a representative group of buffaloes required for taking milk samples 

in order to evaluate the qualitative and microbiological parameters of milk, as 

well as taking blood samples necessary for DNA extraction and identification 

of STAT 5A gene polymorphism. 

5. Identifying, selecting and applying the most relevant methods to analyze the 

milk and blood samples taken. 

6. Statistical analysis and interpretation of the data obtained to provide a solid 

scientific argument for research and to elaborate scientific articles.  

The research topic is an interdisciplinary one and aims to identify new aspects 

related to the morphology of the mammary gland, to the qualitative parameters of 

milk, and to the STAT 5A gene polymorphism in the Romanian buffalo. 

Currently, the results of the literature studies regarding the morphology of the 

mammary gland and the identification of the STAT 5A gene polymorphism are 

inconclusive, few, and their majority were conducted outside the country, which is why 

our study is considered a pioneering study in Romania, and the results obtained 

complement the knowledge in the field. 

  

STRUCTURE OF THE DOCTORAL THESIS 

The thesis entitled “Studies regarding the morphology of the mammary gland, the 

qualitative parameters of milk and the STAT 5A gene polymorphism in the Romanian 

buffalo” comprises 152 pages and was written according to the current editing norms 

at academic and national level. The doctoral thesis is structured in two parts consisting 

of 9 chapters and contains 62 figures, 4 tables, 2 histograms and 221 bibliographic 

references. 

The first part of the doctoral thesis entitled “Current state of knowledge” is 

structured in 3 chapters and comprises 50 pages. This part synthesizes information 

regarding the phylogeny and taxonomy of buffaloes (Chapter 1), current issues and 

perspectives in their breeding, both nationally and internationally, welfare and feeding 
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management, as well as milk production (Chapter 2). The last chapter of this part 

(Chapter 3) includes data related to the morphophysiological, reproductive and 

productive features of buffaloes. 

Part II of the doctoral thesis is allocated to personal research. This is structured 

in 6 chapters and comprises 102 pages. 

Chapter 4 of this part deals with the organization of the experimental design, 

the aim and objectives of the research, the materials and methods used. 

The studies were conducted in Romanian female buffaloes from the Research 

and Development Station for the Raising of Buffaloes (S.C.D.C.B. Şercaia), Brașov, 

Romania, and were 3 in number, aiming to investigate the morphology of the 

mammary gland, the qualitative and microbiological parameters of milk, and to 

identify the polymorphism of the STAT 5A gene, a gene responsible for some 

qualitative characteristics of milk. 

 Chapter 5 is allocated to Study I. The morphology of the mammary gland in the 

Romanian buffalo and aimed to investigate the morphology, vascularization and 

innervation of the mammary gland in the Romanian buffalo, using anatomical, 

histological and imaging techniques. The studies were conducted in 10 udders taken 

from female buffaloes slaughtered in the slaughter house, 5 udders from adult animals, 

of which 2 udders from female buffaloes during the lactation period, and 5 udders from 

young females. The udders were taken immediately after the animals were killed, then 

they were carried to USAMV Cluj-Napoca, Romania, where they were examined 

macroscopically, histologically and by imaging. 

Chapter 6 includes Study II. Evaluation of qualitative and microbiological 

parameters of buffalo milk. The aim of this study was to investigate the qualitative and 

microbiological parameters of buffalo milk in order to establish whether this meets the 

parameters accepted by the European and national legislation in the field. Of all 50 

female buffaloes included in the study, 30 were randomly selected, from which 120 

milk samples were collected. Milk was collected seasonally, in the period August 2017 

– October 2018. Each season, 30 samples in an amount of 50 ml/sample were 

collected. At the same time, the research performed aimed to identify a direct 

correlation between the total number of germs (TNG), the somatic cell count (SCC), 

and the presence of clinical or subclinical mammitis in the animals. 

Chapter 7 is dedicated to Study III. Identification of STAT 5A gene polymorphism 

in the Romanian buffalo. The main purpose of the study was to identify some causal 

SNP mutations, involved in the qualities of milk production in the Romanian buffalo, 

and to genetically characterize the structure of some regions in the STAT 5A gene for 

the use of the possible polymorphisms identified in studies of association with some 

quantitative and qualitative features of milk production. 
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Chapter 8 contains the conclusions and recommendations of the research, and 

Chapter 9 presents the elements of originality and the innovative contributions of the 

thesis. 

RESULTS OF THE PERSONAL RESEARCH 

 Chapter 5. In the first study of the research, the morphology, vascularization 

and innervation of the mammary gland in Romanian buffaloes were investigated, using 

anatomical, histological (BANCROFT AND COOK, 1994; KIERNAN, 1999; SUVARNA ET 

AL., 2012) and imaging techniques. In the buffalo, the mammary gland is situated in 

the inguinal area, and consists of four quarters, closely joining each other, which form 

the udder. The udder is a complex organ formed by a suspensory apparatus, a 

secretory system composed of epithelial cells, a system of ducts for milk storage and 

transport, blood vessels, lymphatic vessels and nerve plexuses (VIOARA MIREȘAN, 

2004; FERREIRA ET AL., 2014).  

 Studies have evidenced the fact that the blood supply of the udder is richer in 

the posterior quarters, because these are supplied by both the middle mammary artery 

through its caudal branch, a collateral of the cranial mammary artery, and the caudal 

mammary artery originating in the external pudendal artery. In 2 of the 10 dissected 

udders, the blood supply to the posterior quarters was enhanced by the lateral 

mammary branch, the ascending segment. The descending arterial branches detached 

from the cranial mammary artery have a ventrolateral trajectory and are distributed in 

the glandular portion of the galactophore sinus. The histological sections performed 

evidenced the presence of interalveolar connective tissue, denser and richer in 

collagen fibers and blood capillaries in the structure of the mammary parenchyma in 

female buffaloes during the lactation period, which might be attributed to the greater 

blood supply required for milk synthesis. In young females and buffaloes during the 

mammary rest period, histological sections showed the fact that in the interlobular 

connective tissue, elastic fibers prevailed over collagen fibers, which was confirmed by 

other studies. In all the dissected udders, the mammary venous system was more 

extended than the arterial system, being present at the following levels: in the nipple, 

in the glandular tissue, and at the base of the udder. 

Chapter 6. In the study performed on the qualitative parameters of buffalo milk, 

a variation in values depending on the season was identified, the data obtained 

showing the fact that the mean protein percentage from the samples collected in 

winter (4.6%) was significantly different (p ≤0.05) compared to that registered during 

spring (3.9%). The percentage of fat in the collected buffalo milk had the highest value 

in the winter season (8.7%), and the lowest value in the summer season (7.8%). These 
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different values can be influenced by the stage of lactation, season, feed, and the 

thermal oxidation process. Also, there was a seasonal variation (p<0.05) in lactose, 

which had the highest value in spring (4.4%), while the lowest value was recorded in 

autumn (3.9%). Regarding the mean values of non-fat dry matter (NFDM) and mineral 

substances, these had higher values during the winter season and lower values in 

spring. Density and conductivity had higher mean values in the winter season and 

lower mean values during autumn. Total dry matter (TDM) registered higher values in 

winter (17.93%) and lower mean values in the summer season (17.59%). The highest 

value of ash was registered in winter (0.79%), and the lowest value was recorded in 

summer (0.67%). The pH of buffalo milk had different values, ranging between 6.53 in 

spring and 6.75 in winter. This was not influenced by the season, the number of 

feedings or the number of parturitions, but was correlated with the fat and lactose 

content of milk. Qualitative parameters can register different values depending on the 

season because these are influenced by certain factors such as: seasonal thermal 

changes, consumption and digestibility of the feed, geoclimatic conditions and animal’s 

temperament. 

In the milk samples included in the study, several pathogens were identified and 

isolated: Bacillus licheniformis, Staphylococcus spp., Streptococcus spp., and Trueperella 

pyogenes. The microorganisms present in milk can cause its degradation, by changing 

the organoleptic properties, which results in an alteration of quality. The mean number 

of somatic cells in the buffalo milk samples taken was 1026.5 x 103  (MARIANA TĂTARU 

ET AL., 2019). 

Chapter 7. The result of PCR-RFLP/Eco88 I analysis revealed the presence of 

two homozygous genotypes in the analyzed sample (N=20): CC (178bp and 34bp) and 

TT (215bp), whose frequency was 0.75 (CC) and 0.25 (TT). The 215bp sequence in the 

STAT 5A gene of the Romanian buffalo is 100% identical to that of the cow, being 

associated with the milk production features. The sequences obtained by sequencing 

analysis were processed with the Geneious 4.8.5 software (Biomatters, New Zealand). 

First, the forward sequences were compared and assembled with the corresponding 

reverse sequences, and thus, consensus sequences were obtained, which were further 

used in analysis. The consensus sequences were compared to other sequences of the 

same gene, existing in the GenBank® database, using the Basic Local Alignment Search 

algorithm. The results of BLAST analysis revealed a similarity of over 99% (99.86%-

99.30%) to various isolated sequences of the same STAT 5A gene in buffaloes 

(References GeneBank: KJ461010, KJ461013, KJ461005, KJ461009, KJ461007). 

Polymorphisms were evaluated by aligning all sequences obtained in this study and 

the GenBank® reference sequence, using the CLUSTAL Omega function 

(https://www.ebi.ac.uk). The 740bp sequence contains the mutation in the intron 
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region, situated between the two exons (8 and 9). SNPs were identified based on the 

genomic sequence from the Bubalus bubalis Mediterranean breed (>NC_037547.1), by 

aligning the forward sequences of samples: 8, 11, 19, 24 and 26. In this study, the SNP 

mutation (C>T) from the site of Hinf I enzyme was detected, for which the C allele is 

associated with the qualities of milk production. In the research, a point mutation C 

(cytosine) – T (thymine), situated at position c.989+344A of intron 8-9 of the STAT 5A 

gene in the Romanian buffalo was detected, identical to the mutation existing in the 

Bubalus bubalis Mediterranean breed, associated with milk production qualities, with 

an increased percentage of protein in milk, respectively. The presence of specific SNP 

mutations that could be used as genetic markers remains a desideratum of molecular 

genetic studies in the Romanian female buffalo, which has been little characterized 

genetically so far. 

GENERAL CONCLUSIONS 

Chapter 8 of the doctoral thesis is allocated to general conclusions formulated 

based on the data obtained. 

1.     In the Romanian buffalo, the udder is formed by two mammary complexes that 

correspond to the four quarters, arranged two on each side: left and right. 

2.     The udder is topographically situated in the inguinal region and has on its 

surface two grooves, one longitudinal and one transversal, which divide it into 

the 4 quarters, the caudal quarters being larger than the cranial quarters. 

3. The glandular tissue in cross-section has a grey-yellowish color and is the 

main structural component of the udder, being separated and divided into 

small glandular formations by abundant connective tissue, frequently 

infiltrated with fat. 

4. The mammary parenchyma is supported by well developed and structured 

connective tissue continuing at the periphery with the suspensory apparatus 

of the udder, and towards the interior, it sends connective trabeculae that 

divide the mammary parenchyma into mammary lobes and lobules, then joins 

the intralobular connective tissue. 

5. In adult buffaloes, the ducto-acinar structures of the mammary parenchyma 

show differentiated epithelium depending on the phase of lactation, which can 

be cuboidal, short cuboidal or even squamous. 

6. Histological sections evidenced the fact that interalveolar connective tissue is 

denser and richer in collagen fibers and blood capillaries in female buffaloes 

during the lactation period, which could be attributed to the higher blood 

supply required for milk synthesis, compared to young females and buffaloes 
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during the mammary rest period, in which elastic fibers prevail over collagen 

fibers. 

7. The external pudendal artery in the inguinal space is accompanied cranially by 

the external pudendal vein, and caudally, by a large efferent lymphatic vessel 

bundle from the mammary lymph nodes. 

8. In all dissected udders, the mammary venous system is arranged by levels: in 

the nipple, in the glandular tissue, and at the base of the udder, being more 

extended than the arterial system. 

9. Lymph nodes are positioned on both sides of the udder, the largest ones are 

found superficially, and the smallest ones are in the depth. 

10. The blood vessels and lymphatic vessels that are closer to the median plane of 

the udder can pass from one side to the other. 

11. Microbiological analysis evidenced a total number of germs (TNG) ranging 

between 100 germs/ml and 7400 germs/ml, and a mean value of somatic cell 

count (SCC) of 1026.5 x 103. At the same time, the presence of pathogenic 

bacteria of the species Bacillus licheniformis 4.6±0.32; Staphylococcus spp. 

2.95±0.53; and Trueperella pyogenes 1.43±0.26 was also reported. 

12. The qualitative parameters of milk had the following mean values: fat 8.3 ± 

0.66; protein 4.3± 0.37; lactose 4.1%±0.29; ash 0.71±0.05, and the mean 

density at the temperature of 18°C of milk was 1.031. 

13. In the study, a point mutation, C (cytosine) – T (thymine), situated at position 

c.989+344A of intron 8-9 of the STAT 5A gene was detected in the Romanian 

buffalo, identical to the mutation existing in the Bubalus bubalis 

Mediteraneean breed, associated with milk production qualities, with the 

increased percentage of protein in milk, respectively. 

14. The result of PCR-RFLP/Eco88 I analysis showed the presence of two 

homozygous genotypes in the analyzed sample (N=20): CC (178bp and 34bp) 

and TT  (215bp), whose frequency was 0.75 (CC), 0.25 respectively. 

 

RECOMMENDATIONS 

Following the previous conclusions, we recommend that further studies 

regarding the morphological, histological and imaging structure of the udder of the 

Romanian buffalo should be conducted in larger numbers of animals, because the 

results obtained can be a theoretical and practical support for establishing accurate 

diagnosis and the therapeutic protocol in the pathology of the udder, as well as in 

elaborating adequate economic strategies. 



Summary of the PhD thesis  
 

IX 

 

We recommend that the results obtained in this study regarding the presence of 

STAT 5A gene polymorphisms and the sequence differences registered in relation to 

the reference genomic sequence NC_037547.1 from the Bubalus bubalis Mediterranean 

breed should be oriented towards the study of the STAT 5A locus in order to establish 

associations between the two polymorphisms detected (C>T position c.958 and 

c.989+344A) in the STAT 5A gene and productive qualities such as: the amount of milk, 

the percentage of fat, and the percentage of protein in the milk of the Romanian 

buffalo. 

This study offers new research directions in order to identify new aspects in the 

morphology of the mammary gland, in the qualitative parameters of milk, and in the 

STAT 5A gene polymorphism in the Romanian buffalo. 
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