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and Somatic Cell Count and its possible relation in detecting lactoferrin gene in 

water buffaloes milk using polymerase chain reaction method. A total of nine 

milk samples were collected from different breeds of water buffalo from selected 
farms in Central Luzon, Philippines.  All the samples was underwent California 

Mastitis Test (CMT) and Somatic Cell Count (SSC) and lastly to Polymerase 
Chain Reaction (PCR) method to detect the lactoferrin gene present in milk. The 

study showed that there was a strong relation between California Mastitis Test 

and Somatic Cell Count in identifying incidence of mastitis in the milk of water 
buffalo. Although the detection of lactoferrin gene is mostly likely seen in milk 

positive with mastitis, the study also revealed that lactoferrin gene were present 
in non mastitic animals. 
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INTRODUCTION 

    Buffaloes (Bubalus bubalis) are an integral part of Philippine agriculture. They play an important role in the 

economy as suppliers of milk and meat and for draft purposes.  Farmers utilize buffaloes for land preparation and in 
transporting farm inputs and products. Aside from meat and milk they provide, buffaloes are tethered in the backyard 

during the night and in open field during the day which favors direct infection of the animal from the soil, grasses and 
any contaminated materials in the pastures. 

One of the many infections encountered and the most common is mastitis which can be described to be acute or 

chronic according to duration and severity. In such cases, buffaloes with mastitis exhibit redness of the udder among 
other clinical signs observed. Other indications, mastitis can be observed in milk which appears to be watery and the 

presence of flakes and clots.  
  Genetic make-up of buffaloes is necessary factor in determining its resistance or susceptibility to mastitis one 

method is to find out the genetic characteristics of water buffaloes specifically the lactoferrin gene. Lactoferrin is an 
iron binding glycoprotein which plays an essential role in antimicrobial defense and a potential candidate gene 

including water buffaloes. Lactoferrin (Lf) gene is found in milk and external secretions of the body such as saliva, 

bile, tears, semen and also in blood. 
Due to the importance of the lactoferrin in inhibiting the growth of microbes, studying lactoferrin in dairy 

animals should be attempted. Advances in doing this attempt through the process of biological science 
(biotechnology) will give information about the traits of the buffaloes with regards to its lactoferrin gene. Investigation 

of lactoferrin gene is a tool that can be utilized in selection process. Molecular biotechnology enables selection up to 

the DNA level, by finding the composition of the nucleotide(s) of the lactoferrin gene suspected of affecting a high 
level of lactoferrin. Hence, the study aimed to detect subclinical mastitis in water buffaloes’ milk using California 

Mastitis Test (CMT); identify Somatic Cell Count (SSC) of milk using Fosscombi methods of analysis; and detect the 
lactoferrin  gene of different breeds of buffalo.  

 
MATERIALS AND METHODS 

Time and place of the study 

The study was conducted from July 2017 to December 2017. The collection of blood samples of two different 
breeds of buffalo was done at Philippine Carabao Center, Central Luzon State University, Science City of Munoz, 
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Nueva Ecija. Milk samples were submitted for PCR amplification at the Animal Health Laboratory of Phillippine Carabao 

Center National Headquarters. 
Sample collection 

A total of nine water buffaloes from three different breeds were sourced out from Philipine Carabao Center 

wherein 50 ml of milk samples were collected from each of them. The udder and teats were cleaned by brushing dirt, 
debris or bedding particles. The udder and teats were then dried thoroughly with dry clean cloth. Sterile gloves were 

worn in collecting milk. Three to four stream of milk were initially removed to minimize chances of sample 
contamination from bacteria in the teat end. Milk samples were put in conical tube immediately before the samples 

were taken. Caution was observed by not letting the debris or dirt enter to the container. The cap was kept from 

touching the floor to prevent contamination. The cap was kept upside down to prevent the inside of the cap from 
touching so that debris may not contaminate the inside of the cap. The collection vial was held at a 45° angle to keep 

the debris (hair, manure, dirt) from accidentally falling into the collection vial (conical tube). The teat was never 
touched the collection vial or cap. Rapid collection of the samples is recommended. Samples were labeled and the 

collected vial (conical tube) were immediately placed on ice and kept refrigerated until delivered to the laboratory.  
California Mastitis Test (CMT) 

Foremilk was drawn from each quarter into separate cups of a four-cup plastic paddle. The paddle was tilt to 

equalize milk quantities in the cups. One to two drops of diluted CMT was added to each cup paddle. After the paddle 
was rotated to mix the diluted CMT and the milk samples were observed within 20 seconds after mixing.   

 
Table 1. Scoring and interpretation of CMT (California Mastitis Test) 

CMT score Test appearance 

Negative  Mixture liquid, no precipitate 

T (trace)  Slight precipitate, tends to disappear with paddle movement 
1(weak positive) Distinct precipitate but does not gel with paddle movement 

2(distinct positive) Distinct gel formation 
3 (strong positive) Strong gel formation that tends to adhere to paddle. Forms distinct 

central peak 

Source: McCurnin’s Clinical Textbook for Veterinary Technicians 
 
Somatic cell count analysis 

The raw milk samples from the water buffalo with CMT scores of 1 or higher were subjected for somatic cell 
count determination using Fosscombi methods of analysis of PCC, Dairy Laboratory. 

 

DNA extraction 
Milk samples (50ml) were collected in each different breeds of water buffalo and were  placed in a conical 

tube and centrifuged  for about 20 minutes under 6000rpm (rate per minute) .Genomic DNA was extracted from milk 
of water buffaloes according to the procedure used by the PCC. DNA extraction was initially processed in a way that 

1000 μl milk sample was placed in a 1.5 ml MCT (Micro Centrifuge Tube), added by 1000 μl ammonium chloride 
(NH4Cl) then centrifuged at a speed of 14000 rpm for 1 minute. Formed supernatant was discarded, until white pellet 

was obtained in two repetitions.1000µl cell lysis was added and centrifuged for 14000 rpm for a minute. Supernatant 

was discarded by pipetting. 300µl Nuclei lysis solution was again added. Then addition of 100 μl protein precipitate 
until homogenized. New 1.5 MCT with 500 μl isopropanol was again prepared and clear liquid from the MCT was 

transferred and mix by inversion. Then centrifuged at the speed of 14000 rpm for 1 minute. 500 μl 70% ethyl alcohol 
(ETOH) was added after supernatant was discarded and centrifuged for 1 minute with same speed of 14000 rpm. Air 

dried for 30 minute then rehydrated by DRS (DNA Rehydration Solution) of 30 μl. It is incubated for 10 minutes at 65 

°C and store at 4 °C. 
 

Polymerase Chain Reaction Amplification 
Primers were designed for the amplification of complete CDS of buffalo lactoferrin gene using Primer3 online 

software based on the reported bovine lactoferrin gene sequence (Accession No.NM_180998). Full-length buffalo 
lactoferrin gene PCR product was generated using the cycles: initial denaturation at 95°C for 5 minutes in 40 cycles, 

and final denaturation of 95 °C for 30 seconds, Annealing for PCR product was at 57 °C, initial elongation at 72 °C for 

45 sec followed by final elongation at 72°C for 7 minutes. Reagent for the DNA amplification was generally performed 
using a DNA mixture consisting performed in 110.4 μl total volume and contained 54μl sdH20, 24 μl  of buffer, 9.6 μl  

of dNTPs,and  2.4 μl  of primer 1 forward 5’ CTTGGAGCCCTTGGACTGT -3’ and reverse 5’ CCAACCTGTGTCAACTGTG -
3’, primer 5  forward 5’-ATTGTGTGCTGGCGATGACC -3' and reverse 5'-GAGCATTTTTTCAGGTTGGCA -3' one unit of 

Taq DNA polymerase in 12x reaction.  
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PCR reaction 

  Promoter regions from a portion of the first repetitive domain of the buffalo Lactoferrin gene were amplified 
by PCR. PCR was carried out in a final reaction volume of 110.4 μl a master mix for minimum of 9 samples was 

prepared and was aliquoted to 9.2 µl in each PCR tube. 1.0μl genomic DNA (100 ng) was added in each tube to make 

a final volume of 10.2.  
 

Table 2. Components used for its reaction volume 

PCR components Volume (µl) Final concentration 

Sodium hydroxide 4.5 µl x 12 54µl 
Buffer 2.0 µl x 12 24 µl 

Magnesium chloride 0 .80 µl x 12 9.6µl 

dNTPs 0  .50 µl x 12 6.0 µl 
Forward 0 .20 µl x 12 2.4 µl 

Reverse 0  .20 µl x 12 2.4 µl 
Taq DNA polymerase enzyme 1.0 µl x12 12 µl 

Total 9.2 µl 110.4 µl (master mix) 

 

PCR protocol 

  The PCR protocol followed for the amplification of desired fragment of DNA is shown in Table 3. All the 
reactions were carried out in 0.2 ml thin walled PCR tubes. PCR tubes containing mixture were tapped gently and 

quickly spinned at 10,000 rpm for few seconds. The tubes were placed in a Master cycler gradient (Bio-Rad, USA) and 
subjected to PCR. One reaction tube without DNA was maintained as negative control. 

Table 3. The total running time for PCR amplification is .1hour and 45 minutes for the whole 40 cycles. 

Step Temperature Time 

Initial denaturation 95°C 5 minutes 
Denaturation 95°C 30 seconds 

Annealing  57°C 30 seconds 

Extension 72°C 45 seconds 
Final extension  72°C 7 minutes 

 

Agarose gel electrophoresis 
Electrophoresis were carried out  by  using  4  μl  PCR product  on  1.5%  agarose  gel  at  100  volts  for  30 

minutes.  Gel  were  prepared  by  heating  1 g  agarose, was dissolved in  100  ml  0.5  XTAE (tris acetate EDTA )  
solution, then added by 2  µl Gel Red during  steering  process  until  a  clear  solution resulted. Liquid solution was 

poured into a printer and a comb was placed near the gel edge. The gel was hardened.  After that, by removing the 

comb, 4 μl PCR product was formed in the wells of the gel .The gel was into the electrophoresis gel tray already 
containing a buffer solution, and then electricity was passed through.   The DNA molecules with a negative charge, at 

neutral pH.  The gel electrophoresis was completed and the agarose  gel  was  taken  to  determine the length(s) of  
the DNA  band(s)  gel was visualized under the UV trans-illuminator and photographed using gel documentation 

system. 

 
RESULTS AND DISCUSSION 

Nine samples of milk from different breeds of water buffaloes were subjected to California Mastitis Test 
(CMT). The changes in color that resulted from the test were generally more intense in sample than that of the 

infected ones. When mixture remains liquid, it showed negative result and a purple mixture. When there is a gel 
formation, it displayed positive and the mixture appears deep purple. 

Table 4. Results for CMT (California Mastitis Test) 

SAMPLES  CMT SCORE  

BR-1 + (T)  trace  

BR-2 + (1)  positive, grade 1 level for California Mastitis Test 

BR-3 + (2)  positive, grade 2 level for California Mastitis Test  

IT-1 ( - )   negative 

IT-2 ( - )   negative 

IT-3 + (T) trace  

CB-1 ( - )   negative 

CB-2 ( - )   negative 

CB-3 ( - )   negative 
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The results in the detection of subclinical mastitis using CMT in different breeds of water buffalo was shown in 

table 1.  IT-3 and BR-1 exhibited trace level of mastitis wherein, slight precipitate tends to disappear with paddle 
movement. BR-2 showed grade (1) subclinical mastitis means that there was a distinct precipitate but does not gel 

with paddle movement also BR-3 showed grade (2) subclinical mastitis means that there is a distinct gel formation on 

the milk samples. The rest of the samples showed negative results in California Mastitis Test. 
Subclinical mastitis is an infection of the mammary gland of the cow, which occurs without obvious clinical 

signs such as abnormal milk, udder swelling or tenderness, or systemic signs such as fever (Leigh, 1999). In addition, 
subclinical mastitis is characterized by an influx of somatic cells, primarily polymorphonuclear neutrophils, into the 

mammary gland. The migration of more immune cells into the mammary gland causes deterioration of the blood-milk 

barrier and mammary epithelium damage, and subsequently leads to death of epithelial cells 
Table 2 showed the result for somatic cell count in nine different breeds of water buffalo. All milk samples 

from Bulgarian showed positive result for subclinical mastitis because of its high level of somatic cell than normal 
count. One sample from Italian breeds (No. 2014929) showed positive result for subclinical mastitis and all samples 

from crossbreed have no significant value for subclinical mastitis. Somatic cells are normal constituent of milk and 
only when they become excessive do they indicate a problem. 

 

Table 5. Result and interpretation for somatic cell counts  in water buffaloes. 
 

Somatic cells are composed of leucocytes (75 %) and epithelial cells (25 %). Leucocytes (white blood cells) 
increase in milk in response to infection or injury while increase in epithelial cells is the result of infection or injury. 

The number of cells reflects the severity of mastitis. Somatic cells are expressed either as cells/ml of milk SCC. 

According to Tripaldi et al. (2010) that in buffalo as in other species, total SCC is a valid indicator of udder 
inflammation and a value of 200,000 cells/mL should be used as the threshold value for early identification of an 

animal affected by subclinical mastitis. Somatic cell count (SCC) in milk constitutes a good diagnostic tool that allows 
early detection of either subclinical or acute form of mastitis (Green et al. 2004; de Haas et al. 2004). 

 

DETECTION OF LACTOFERRIN GENE THROUGH POLYMERASE CHAIN REACTION 
The detection of lactoferrin gene in milk of nine different breeds of water buffalo were likewise subjected into 

polymerase chain reaction. Lactoferrin gene was visualized under the UV trans-illuminator and photographed using gel 
documentation system. 

 
Figure  1. Gel Electrophoresis of PCR Products using Primer 1 and 5 

 
 

Samples A (Front Left 

Teat) 
Cells/ml 

B (Front Right 

Teat) 
Cells/ml 

C (Back Left 

Teat) 
Cells/ml 

D (Back Right 

Teat) 
Cells/ml 

BR1 13,000 32,000 135,000 2,752,000 

BR2 488,000 15,000 70,000 67,000 
BR3 50,000 26,000 23,000 726,000 

IT1 49,000 44,000 85,000 26,000 

IT2 27,000 35,000 36,000 36,000 
IT3 25,000 17,000 29,000 345,000 

CB1 28,000 30,000 20,000 41,000 
CB2 21,000 21,000 16,000 13,000 

CB3 34,000 35,000 39,000 58,000 

LEGEND: LANE – 1-3 and 13-15 (ITALIAN) 
                  LANE – 4-6 and 16-18 (CROSSBREEDS) 
                  LANE – 7-11 and 19-23 (BULGARIAN) 
                  LANE – 12 and 24 (NEGATIVE CONTROL) 
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Figure 1 shows the gel electrophoresis of PCR product whereas lane 1-9 are PCR product of milk comes from 

different breeds of water buffaloes including another 2 (10-11) lane for PCR product of blood and a negative control 
used primer 5 forward 5’-ATTGTGTGCTGGCGATGACC -3' and reverse 5'-GAGCATTTTTTCAGGTTGGCA -3’ while lane 

13-24 are PCR product for primer 1.forward 5’ CTTGGAGCCCTTGGACTGT -3’ and reverse 5’ CCAACCTGTGTCAACTGTG 

-3’,. Result showed that primer 5 with lane number (3, 7, 9,) PCR product of milk of buffalo positively amplified 
lactoferrin gene while lane (10, 11) PCR product of blood fully expressed bonded which indicative of positively 

detected lactoferrin genes of buffalo with 500-550 base pair, on the other hand figures also showed that there is No 
expression of lactoferrin gene in primer 1. Hence, the results also showed expression of non- specific gene having 200 

up to 400 base pair. Since Gene Blasting is not part of the conducted study the detected gene with 200-400bp are still 

unidentified.  
Results of the three methods conducted in the whole study. In whereas 3 samples (BR-1, BR-3 and IT-3) 

exhibited positive in all methods conducted.  Lactoferrin may have therapeutic potential in mastitis (Diarra et al., 
2002a). it may substitute the practice of using antibiotic which root problems due to residues in milk and the danger 

for occurrence of resistance. Lactoferrin is a constituent of the natural defense system of humans and animals. LTF is 
present in milk and such external secretion of the body as saliva, bile, tears and sperm. It is released by secondary 

granules of neutrophils and epithelial cells in high concentration in reaction to inflammatory stimuli (Baggiolini et al., 
1970; Harmon and Newland, 1980; Brock, 1995; Lonnerdal and Iyer, 1995; Nuijens et al., 1996; Aguila and Brock, 
2001; Plaffi et al., 2003). 

 
SUMMARY AND CONCLUSION 

The study aimed to detect incidence of subclinical mastitis among different breeds of water buffalo and it was 

identified through different methods. California Mastitis Test (CMT), Somatic Cell Count (SCC) and Polymerase Chain 
Reaction (PCR). A total of nine different breeds of water buffalo were used (Bulgarian, Italian and crossbreed) in the 

study. Milk samples were collected from selected water buffaloes and were subjected to different test to detect 
possible subclinical mastitis, such as CMT and SCC. The results for the two methods were correlated by the detection 

and presence of lactoferrin gene in milk of water buffalo using Polymerase chain reaction (PCR). The results revealed 

that the number of positive result in subclinical mastitis using CMT were  the same number of positive result in 
somatic cell count and can be  associated for the detection of lactoferrin gene. From nine milk samples, four samples 

showed positive results on both CMT and SCC and PCR detected lactoferrin gene on 4 samples.  
The study concluded that there was a correlation between CMT and SCC in identifying incidence of subclinical 

mastitis and also the study proved that lactoferrin gene were also present in mi of water buffaloes with or without 
subclinical mastitis.  

 

REFERENCES 
1. Anggraeni A, Mumpunie GE,  Misrianti R and  C Sumatri. 2012. Genetic polymorphism of the lactoferin gene in 

dairy and beef cattle at national artificial in insemination. 
2. Arnould VMR   H  Soyeurt,  N  Gengler, FG  Colinet, MV Georges, C  Bertozzi, D Portetelle  and  R  Renaville. 

2009. Genetic analysis  of  lactoferrincontentin bovine milk. J. Dairy Sci. 92: 2151-2158. 

3. Bellamy W, Takase M, Wakabayashi H, Kawase K and M Tomita. 1992a. Antibacterial spectrum of lactoferricin 
B, a potent bactericidal peptide derived from the N-terminal region of bovine lactoferrin. J. Appl.Bacteriol. 73, 

472–479. 
4. Ceron-Munoz M, H Tonhati, J Duarte, J Oliveira, M Munoz  Berrocal and H Jurado-Gamez. 2002. Factors 

affecting somatic counts and their relations with milk and milk constituent yield in buffaloes. J. Dairy Sci. 
85:2885-2889. 

5. Changhong Z, Ghy Wang and Z Zhang.  2009. Polymorphism  of Lactoferrin  Gene  with  PCR  -  RFLP and  its  

Association  with  Subclinical  Mastitis  in  Dairy Cows. Modern Appl. Sci. 3: 144-146 
6. Diarra MS, Petitclerc, D and Lacasse P. 2002. Effect of Lactoferrin in combination with penicillin on the 

morphology and the physiology of staphylococcus aureus isolated from bovine mastitis. J. Dairy Sci., 85: 
1141–1149. 

7. Joslin RS, Erickson PS,  Santoro HM, Whitehouse NL, Schwab CG and Rejman, JJ. 2002. Lactoferrin 

supplementation to dairy calves. J. Dairy Sci., 85: 1237-1242 
8. Kelly AL, D Tiernan, Co’sullivan, Joyce P. 2000. Correlation between bovine milksomatic cell count and 

polymorphonuclear leukocyte level for sample of bulk milk and milk from individual cows. J. Dairy Sci. 83:300-
304. 

9. Kumar S. 1990. Studies on mastitis in buffaloes with emphasis on resistance, chemotherapy and control. 

M.V.Sc. thesis, Punjab Agricultural University, Ludhiana, India   
10. Lee TH K,  Shimizaki SL, Yu MS,  Nam SJ,  Ki  KK, Lee and Dy YU.1997.  Polymorphic sequence of Korean 

native goat lactoferrin exhibiting greater antibacterial activity. Anim. Genet. 28: 367-369 
11. Molenaar AJ, YM KUY, SR davis, RJ Wilkins, PE Mead and JW Tweedie. 1996. Elevation of lactoferrin gene 

expression in developing, resting and regressing parenchymal epithelium of the ruminant mammary gland. J. 
Dairy Science. 



European Journal of Agricultural and Rural Education (EJARE) 
__________________________________________________________________________ 

54 | P a g e  

12. Nuijens J H, Vanberkel PH C and  F Schanbacher. 1996. Structure and biological actions of Lactoferrin. J. 

Mammary Gland Biol. Neopl., 1: 285-295 
13. Pauciollo A, Ramunno L, Macciotta N P, Gaspa G, Colleta A, Apicella E, Gallo D and G Cosenza. 2016. Genetic 

variability detected at the lactoferrin locus in the Italian Mediterranean river buffalo. Animal Production 

Science 2016, 56,102-107 http://dx.doi.org/10.1071/AN14612  accessed on-line : january14, 2017 
14. Petlan and Molefe. 2013. Relationship between Somatic Cell   Count Mastitis and Milk Quality in Ettwah Grade 

and PESA Goats. Progress in Science and Technology. Vol. 10:6. 
15. Plaffi M W, Wittmann S L, Meyer Hh D and  RM Bruckmaier.   2003. Gene expression of immunologically 

important factors in blood  cells,  milk cells, and mammary tissue of cows. J. Dairy Sci., 86: 538-545  

16. Sachaerczuka M, T Zagulski,  B Sadowski, M Barchikowska and  R Pluta. 2005. Lactoferrin in the central 
nervous system Neurol. Neurochir. 39: 482-489 

17. Schepers J A and AA Dijkhuizen. 1991. The economics of mastitis and mastitis control in dairy cattle: A critical 
analysis of estimates published since 1970.  Prev. Vet. Med., 10: 213-224. 

18. Sender G, Galal Abdel Hameid K, Korwin-Kossakowska A, M Sobczynska. 2008. Association of the BoLA-DRB3 
alelles with estimated breeding value for somatic cell count in Polish dairy cattle. Arch. Tierzucht.,51:111-119. 

19. SHEFFIELD V, BECK J, KWITEK A, SANDSTROM D, E STONE. 1993. The sensitivity of single-strand 

conformation polymorphism analysis for the detection of single base substitutions. Genomics 16, 325–332. 
20. Singh M, RS Ludri. 2001.Somatic cell counts in Murrah buffaloes (Bubalus bubalis) during different stages of 

lactation, parity and season. -Aust. J. Anim. Sci. 14:189-192. 
21. Singh PJ. 1999. Studies on mastitis in cattle at, machine milked farms in Punjab. M.V.Sc. thesis, Punjab 

Agricultural University, Ludhiana India  

22. Tripaldi  C, Palloci G, Miarelli M, Catta M, Orlandini S,  Amatiste S, DI Bernardini R and G Catillo. 2010. Effects 
of mastitis on buffalo milk quality. Asian-Australia Journal in Anmal Science. Volume 23, No. 10: 1319-1324.  

23. Yancy O. Waminal Ph.D. (2021). LOW-COST LIQUID ANIONIC SURFACTANT IN MASTITIS DETECTION FOR 
SMALL SCALE DAIRY BUFFALO RAISERS IN THE PHILIPPINES. European Journal of Agricultural and Rural 
Education, 2(4), 43-48. Retrieved from https://scholarzest.com/index.php/ejare/article/view/612 

24. Waminal, Y.O., Tubalinal, G.A.S.P., Mingala, C.N. 2019. Molecular characterization of lactoferrin gene as 
genetic marker to subclinical mastitis in water buffaloes (Bubalus bubalis). Asian Journal of Agriculture and 

Biology. 7(4):564-572. Retrieved from https://www.asianjab.com/wp-content/uploads/2019/12/10-AJAB-
2019-05-195.pdf 

25. Wojdak MK, M  Kmiec and J Ziemak. 2006. Associations between bovine lactoferrin gene  polymorphism  and 
somatic cell count in milk. Vet. Med. 51: 14–20. 

 

 
 

 
 

 

http://dx.doi.org/10.1071/AN14612

