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Abstract 
 

Bovine mastitis is a host response to the microorganisms linked with the host immune system efficiency. Tumor necrosis 

factor-alpha (TNF-α) is a proinflammatory cytokine that plays a significant role in the innate and adaptive immune response. 

In this study, we characterized the upstream regulatory region and evaluated the relative mRNA expression of TNF-α gene of 

Sahiwal cows. A single nucleotide polymorphism A>G was identified located within a sequence (MT_919286) at the 5´ 

upstream region. For gene expression, the ∆∆Ct was calculated by adjusting the target gene expression for the expression of 

the housekeeping gene (GAPDH) through real-time qPCR. The results revealed that relative mRNA expression of TNF-α most 

explains the change in the unit of ∆Ct and would result in a significantly higher expression of TNF-α gene in animals with 

mastitis. The relative mRNA expression of TNF-α gene was 35 and 9.53 times higher in animals with clinical and subclinical 

mastitis respectively, as compared to non-mastitic animals. The effect of the fold change of TNF-α and GAPDH was also 

assessed based on response surface methodology via Box Behnken design. The analysis depicted that all parameters had a 

significant impact on mastitis incidence in Sahiwal cows. This study would hopefully contribute towards a better 

understanding of the use of TNF-α gene marker as an authentic source of identification of severity of bovine mastitis. The 

findings of study may be helpful for the development of new strategies to control mastitis and preserve the health of dairy 

animals. © 2021 Friends Science Publishers 
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Introduction 
 

Mastitis is inflammation of mammary glands regardless of 

the cause. Currently, it is one of the most prevalent and 

economically important disease of dairy animals (Rehman 

et al. 2017; Cobirka et al. 2020). Different avenues of 

colossal economic losses associated with mastitis include 

milk discarded after treatment (9%), decreased milk yield 

(70%), extra labor (4%), and veterinary services cost (7%), 

and early culling (14%) (Dua 2001). Estimates of mastitis 

prevalence in cows in different studies ranged from 29.34–

78.54% (Ebrahimi et al. 2007; Sharma and Maiti 2010) 

while in dairy buffaloes, prevalence varied from 27.36–

70.32%. 

According to the presence or absence of clinical signs, 

there are two forms of mastitis viz. clinical and subclinical. 

Clinical mastitis is characterized by visible signs of 

inflammation in the udder (redness and swelling, fever etc) 

and alterations in the appearance of milk (such as presence 

of flakes and clots, watery consistency of milk). Subclinical 

mastitis on the other hand is bereft of visible changes in the 

udder and in the milk (Muhammad et al. 2010; Cobirka et 

al. 2020). 

The fundamental principles of mastitis control 

program currently in vogue worldwide were developed 

during the 1960s by the National Institute for Research in 

Dairying (NIRD), UK. Despite 60 years application of this 

program, the prevalence of mastitis even in developed 

countries is still unacceptably high and this has spurred 

interest into additional mastitis control strategies notably 

breeding animals for mastitis resistance (Sender et al. 2013). 

A tremendous volume of research has been done on genetic 

mailto:sehrishfiryal@uvas.edu.pk
https://scialert.net/fulltext/?doi=ajava.2012.454.476#880215_ja
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basis of mastitis resistance in Holstein-Friesian, Jersey and 

some other breed of cattle. Unfortunately, however, similar 

studies in Sahiwal cow (the principle native dairy breed of 

Pakistan) as yet are almost non-existent. 

In Pakistan, a thorough investigation of a preceding 

study revealed that the prevalence of mastitis (clinical and 

sub-clinical) triggered by pathogenic microorganisms in 

cattle and buffaloes was 46.72% (Athar 2007; Beheshti et 

al. 2010). Different indirect screening tests for diagnosis 

include SSC count through the authentic counter, California 

mastitis test, ELISA test, and Surf-field mastitis test 

(Batavani et al. 2007; Muhammad et al. 2010) which 

reflects a greater degree of discrepancies in results. Such a 

scenario helps this malaise continue to increase. Authentic 

indicators are necessary to implement whereas tumor 

necrosis factor-alpha (TNF-α) identified direct relation with 

mastitis. 

The pathogenic microorganisms can trigger the 

immune response in the mammary tissue (Oviedo et al. 

2007; Wellnitz and Bruckmaier 2012). The Toll-like 

receptors are considered as first-line of defense because it 

recognizes pathogenic microorganism and leads to the 

activation of transcription factors and triggering the 

expression of pro-inflammatory molecules (Pasare and 

Medzhitov 2004). In the early immune response, mammary 

epithelial cells are responsible for the activation of cytokines 

i.e., interleukins, tumor necrosis factor-alpha (TNF-α), and 

interferon-gamma (IFN-γ) and production of other factors 

having antimicrobial activities. Among these cytokines, 

TNF-α is a fundamental mediator in the inflammatory 

response. It stimulates vasodilation and an increase in 

vascular permeability, promoting the recruitment of 

leukocytes and serum proteins to the infection site 

(Medzhitov 2007; Brenaut et al. 2014). For this and other 

reasons, TNF-α is considered a key component of the innate 

immune system. 

TNF-α is a pleiotropic cytokine associated with 

systemic inflammation and is mainly secreted by activated 

macrophages and monocytes. The precursor molecule of 

TNF-α is 26 kDa which undergoes further processing to 

synthesize a 17 kDa carboxy-terminal protein by cleavage 

of the bond between Ala
76

-Val
77 

and secreted to function in 

a paracrine manner (Bannerman 2009; Moyes et al. 2009; 

Sennikov et al. 2014). Resistance to bovine mastitis is a 

multifactorial trait and immunity genes are key indicators 

towards an understanding of disease cascade. Keeping in 

view the potential linkage of TNF-α with disease condition, 

the current study was planned to characterize the 5’upstream 

region and assess the relative mRNA expression of TNF-α 

gene in clinical and subclinical mastitis in Sahiwal cows. 

 

Materials and Methods 
 

Experimental animals 

 

The current study was conducted on Sahiwal cows suffering 

from clinical and subclinical mastitis. In this study, 40 

Sahiwal cows (n=40) were selected from different 

Government and private dairy farms of Punjab, Pakistan and 

divided into three groups i.e., Sahiwal clinical mastitis 

(SCM: n=15) group, Sahiwal subclinical mastitis (SSM: 

n=15) group, and Sahiwal Non-mastitic (SNM: n=10) 

group. For the diagnosis of the subclinical mastitis, Surf-

field mastitis test (Muhammad et al. 2010) was performed 

as a point-of-case test. 

 

Blood collection 

 

The blood (2–3 mL) was drawn from the jugular vein of 

selected animals and transferred to blood collection vials 

containing EDTA (anti-coagulant) and was mixed gently for 

proper mixing to avoid coagulation. Then the vials were 

immediately placed on ice and transferred to the laboratory. 

 

DNA extraction and quantification 

 

DNA was extracted from blood samples by the phenol-

chloroform isolation method (Sambrook and Russell 2001). 

DNA quantification was done with the help of Nanodrop 

(Thermo Scientific Spectrophotometer ND-2000). 1 µL of 

the sample was utilized to determine the concentration of 

DNA by Nanodrop. All DNA samples were adjusted at the 

same concentration (50 ng/ µL) for PCR. 

 

Primer designing and amplification 

 

The region was determined for the amplification of TNF-α 

gene:  TNF1 that encompasses partial 5´ upstream region. 

The primers were designed by using sequence retrieved 

from NCBI (XM_005223596) with the help of online 

software Primer3 (http://wwwgenome.wi.mit.edu/cgi-

bin/primer/primer3 www.cgi). The details of primer 

sequence are given in Table 1. A total of 25 µL PCR 

reaction solution was prepared containing template DNA 

(50 ng/µL), Primers (10 pmol), MgCl2 (2.0 mmol), 1X 

Buffer, dNTPs (0.25 mmol), and TaqDNA polymerase (0.5 

U). The amplification was carried out by heating mixture at 

94ºC for 5 min (initial denaturation), followed by 35 cycles 

of final denaturation at 94ºC for 30 sec, annealing at 56ºC 

for 30 sec, extension at 72ºC for 30 sec with final extension 

for 10 min. The amplicons were separated on 1.2% agarose 

gel. Then, amplicons were subjected to commercial 

sequencing using dye-labeled dideoxy terminator cycle 

sequencing using ABI prism 3130 XL Genetic Analyzer 

(Applied Biosystems, Inc., Foster City, CA, USA). 

 

RNA isolation and cDNA synthesis 

 

RNA was isolated from fresh blood samples through the 

RNA purification kit (Thermo Scientific, USA), according 

to the manufacture’s protocol. The RNA concentration was 

checked through Nanodrop spectrophotometer by 

https://scialert.net/fulltext/?doi=ajava.2012.454.476#880203_ja
https://scialert.net/fulltext/?doi=ajava.2012.454.476#880203_ja
http://www.cgi/
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measuring absorbance at 260/280 nm. The cDNA was 

synthesized using the Revert Aid First Stand cDNA 

synthesis kit (Thermo Scientific, Pittsburg, PA, USA) as per 

the instructions of manufacturer. 

 

Real-time qPCR analysis 
 

Real-time qPCR was performed in 96-well plates (Rotor-

Gene® Q). The Gene-specific Taqman primer-probe PCR 

master mix kit (BioRad, Hercules, CA, USA) was used for 

the amplification. The primer used for the assessment of the 

expression of the target gene (TNF-α) and of the 

endogenous control (GAPDH) have been described in the 

literature (Table 1). The sequence of primers and 

corresponding gene showed 100% similarity, so it was not 

necessary to redesign the primers.  The real-time qPCR 

assays were performed in triplicate for each sample of the 

target gene and housekeeping gene that is Glyceraldehyde-

3-phosphate dehydrogenase (GAPDH) used as an 

endogenous control. The reaction mixture containing 2X 

Taqman master mixtures 12.5 µL (Thermo Scientific, 

Pittsburg, PA, USA), 2 µL Taqman primer-probes and 2 µL 

template (cDNA) was prepared. The thermal profile used 

for this was as follows: 95ºC for 10 min, then 35 cycles of 

94ºC for 15 sec, 60
º
C for 15 sec and 72ºC for 15 sec 

followed by denaturation at 72ºC for 10 min. The cycle 

threshold (Ct) values were obtained and expressed as fold 

change calculated by Livak method (Livak and Schmittgen 

2001). The ∆Ct value was obtained by subtracting the mean 

Ct value of target gene (TNF-α) from the Ct value of 

endogenous GAPDH gene (reference gene). ∆∆Ct value 

was calculated by subtracting the ∆Ct value of target from 

the Calibrator and then fold change was calculated by using 

formula 2
-∆∆Ct

. 

 

Statistical analysis 

 

The data obtained in the study were analyzed statistically 

using SPSS (v6.1). Correlation among the variables was 

also performed through R-studio (R v3.6.2), while response 

surface methodology was carried out via Box Behnken 

design with the help of design expert software (v12, USA). 

 

Results 
 

The current study was designed to identify single nucleotide 

polymorphism (SNPs) in 5´ upstream region of TNF-α gene 

of Sahiwal cows and their association with differential 

expression profiling toward mastitis susceptibility. DNA 

was extracted from blood samples and then 484 bp fragment 

of the TNF-α gene was amplified by PCR (Fig. 1A; Fig. 

1B). Polymorphism analysis revealed that there is a change 

in nucleotide at position 130 (A>G) in both clinical and 

subclinical mastitic samples but not in non-mastitic cow 

samples (Fig. 1C). The DNA sequence of the gene is 

available in GenBank with Accession number MT_919286. 

The relative mRNA expression of the TNF-α gene in 

clinical mastitis, subclinical mastitis, and non-mastitic 

Sahiwal cows was carried out through real-time qPCR. In 

clinical and subclinical mastitis, mRNA expression was 

observed with the highest fold change in the clinical (56.8 

times) and 12.55 times in subclinical, but substantial 

variation was also noted in TNF-α expression within the 

groups. A remarkable decrease in TNF-α mRNA expression 

was also noted in healthy animals with the highest fold 

change being 2.3 (Fig. 2). The findings of this study showed 

that TNF-α gene expression has been found to be 

significantly up-regulated in both clinical and subclinical 

mastitis as compared to that in non-mastitic cows. 
 

Optimization of fold Change of TNF-α and GAPDH 

against Sahiwal cow clinical Mastitis, Sahiwal cow sub-

Clinical Mastitis and non-mastitic Sahiwal cow via 

response surface methodology 
 

For all the parameters which were determined in the study, 

the effect of fold change, TNF-α and GAPDH was assessed 

based on response surface methodology via Box Behnken 

design (Table 2). The data were applied on the following 

equation: 
 

 
 

where “Y” was the response variable, “β0” was the intercept 

constant, “βi”, “βii”, “βij” were the regression coefficients 

of “F1”, “F2”, “F3”, “Fi”, “Fj” were coded values of 

independent variables. 

Based upon this design, the analysis of variance was 

performed which described the effect of all the selected 

parameters against clinical mastitis (Table 3; Fig. 3), 

subclinical mastitis (Table 4 and Fig. 4) and Sahiwal non-

mastitic cow (Table 5, 6 and Fig. 5). The regression 

equation clarifies the effect of all parameters applied on the 

three different treatments of Sahiwal cows. 
 

Discussion 
 

Bovine mastitis is primarily an inflammatory response of 

Table 1: Details of primers used for the amplification 

(TNF1, TNF2) and TaqMan primer-probes 
 
Primer 

Name 

Primer sequence/ TaqMan assay ID Species Amplicon 

length (bp) 

TNF1-F 5  ́CAGCACAGCTTCCTCTGAGTT 3  ́ Bovine 484 

TNF1-R 5  ́CGCTCTGGGAGCTTCTGTT 3  ́ Bovine 

TNF-α Bt03259156 (20x, 250)  Bovine 69 

GAPDH Bt03210913 (20x, 250) Bovine 66 

 

Table 2: Design approach for determining the optimization of 

mastitis disease in Sahiwal cow via Box–Behnken Design 
 

Parameters Coded Symbol Range 

-1 0 1 

Fold Change A 1.8 9.53 35 

TNF-α B 20.25 22.36 24.22 

GAPDH C 25.25 25.42 25.61 
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mammary gland tissue against pathogenic microorganisms 

(Barkema et al. 1998; Fox 2009; Mpatswenumugabo et al. 

2017). The inflammatory response is regulated by a network 

of cytokines during udder infection. It has been revealed that 

intramammary (IM) reaction stimulates a differential innate 

immune response (Riollet et al. 2001; Bannerman et al. 

2004; Bharathan and Mullarky 2011). It has been reported 

that TNF-α is present in mastitic animal milk infected with 

gram-negative bacteria instead of other cytokines like IFN-

γ, IL-1 and IL-8 and used as potential genetic marker for the 

diagnosis of mastitis in dairy animals (Bannerman et al. 

2004). TNF-α is a pro-inflammatory cytokine that triggers 

the process of inflammation and plays a significant role in 

the host defense mechanism against udder infection 

(Persson et al. 2011; Hayashi et al. 2013). 

The 5´ upstream region of TNF-α has been very well 

characterized both in humans and cattle (Yea et al. 2001; 

Bojarojć-Nosowicz et al. 2011), but the polymorphism and 

its association with disease incidence have not been reported 

in Sahiwal cattle so far. In this investigation, an attempt has 

been made to explore the single nucleotide polymorphism 

(130, A>G) in 5´ upstream region and its association with 

mastitis susceptibility in Sahiwal cattle. Earlier, different 

studies revealed a significant association of genetic variation 

in the TNF promoter region with disease resistance, 

susceptibility, and progression (Deshpande et al. 2005; 

Konnai et al. 2006; Kumar et al. 2019). 

In the present study, polymorphism in TNF-α gene had 

 
 

Fig. 2: Minimum and maximum relative mRNA expression of 

TNF-α in Clinical, subclinical and normal Sahiwal cow samples 
SCM= Sahiwal clinical mastitis 

SSM= Sahiwal subclinical mastitis  

SNM= Sahiwal non-mastitic 

Table 3: Analysis of variance of optimization parameters against Sahiwal cow clinical mastitis (SCM) via Response Surface Methodology 
 

Source Sum of Squares df Mean Square F-value P-value  

Model 218.58 9 24.29 6.62 0.0104 Significant 

A-Fold Change 29.57 1 29.57 8.06 0.0250 

B-TNF-α 52.69 1 52.69 14.37 0.0068 
C-GAPDH 1.49 1 1.49 0.4058 0.0444 

AB 4.49 1 4.49 1.23 0.3048 

AC 20.88 1 20.88 5.70 0.0484 
BC 52.35 1 52.35 14.28 0.0069 

A² 33.06 1 33.06 9.02 0.0199 

B² 23.96 1 23.96 6.53 0.0378 
C² 2.73 1 2.73 0.7438 0.0170 

Residual 25.66 7 3.67    

Lack of Fit 6.85 3 2.28 0.4857 0.7103 Not significant 
Pure Error 18.81 4 4.70   

Cor Total 244.24 16     
R2 =   89.49% 

SCM = 8.17 + 1.80A + 1.76B + 0.8644C + 0.9331AB – 2.28AC – 3.18BC – 2.80A2 + 1.85B2 – 0.8048C2 

 

 
 

Fig. 1: A. Gel electrophoresis results of extracted DNA, B. PCR amplification of TNF-α gene fragment of clinical (SCM1-5), subclinical 

(SSCM1-5) and non-mastitic Sahiwal cows (SNM1-5), Lane M: Marker 50bp (Fermentas), C. Electropherogram of position 130 of TNF-

α showing substitution (G) in mastitis sample instead of (A) in samples of non-mastitic cows 
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a complex influence on relative mRNA expression in cows 

infected with mastitis. Messenger RNA expression of the 

TNF-α gene was significantly higher in Sahiwal cow with 

clinical and subclinical mastitis as compared to non-mastitic 

Sahiwal cows, reflecting an association of this gene with 

innate immunity efficiency caused by mastitis. The results 

suggest that the change in a unit of ∆Ct is responsible for 

higher fold change and consequently a higher inflammatory 

response. Previously, Burvenich et al. (2003) have 

described that the variation in the gene expression profile 

may be attributed to a score of factors: (a) the intensity of 

infection, (b) the magnitude of an inflammatory response in 

individual animal, (c) detection by the highly sensitive real-

time qPCR which reveals even the slightest variation 

between samples. The surface plots developed based upon 

this analysis also depicts that the determined parameters had 

a significant impact on mastitis disease incidence in 

clinically mastitic Sahiwal cows. A similar trend was 

observed in SSM and SNM where the coefficient of 

determination was 87% and 85%, respectively. Therefore, 

these factors also showed a significant trend towards 

mastitis incidence in Sahiwal cows. 

Our results are in synergy with the findings of previous 

studies that utilized real-time qPCR to examine the gene 

expression of numerous cytokines in response to E. coli and 

S. aureus in Holstein cows. The results elucidate that the 

target cytokine gene (TNF-α) expression is higher in mastitic 

cows as compared to the non-mastitic Sahiwal cows (Riollet 

et al. 2001; Lee et al. 2006). Some other experiments done in 

Crossbred cows (Holstein Friesian=Jersey with Hariana= 

Table 4: Analysis of variance of optimization parameters against Sahiwal cow subClinical mastitis (SSM) via Response Surface 

Methodology 

 
Source Sum of Squares df Mean Square F-value P-value  

Model 286.99 9 31.89 5.33 0.0191 Significant 
A-Fold Change 41.86 1 41.86 7.00 0.0332 

B-TNF-α 57.19 1 57.19 9.56 0.0175 

C-GAPDH 0.4278 1 0.4278 0.0715 0.7968 
AB 18.32 1 18.32 3.06 0.1236 

AC 20.34 1 20.34 3.40 0.1077 

BC 59.99 1 59.99 10.03 0.0158 
A² 64.61 1 64.61 10.80 0.0134 

B² 27.92 1 27.92 4.67 0.0675 

C² 0.3535 1 0.3535 0.0591 0.8149 

Residual 41.87 7 5.98    

Lack of Fit 16.46 3 5.49 0.8640 0.5290 Not significant 

Pure Error 25.40 4 6.35   

 328.86 16     
R2 =   87.27% 

SSM = 8.33 + 2.03A + 1.81B + 0.6949C + 1.88AB – 2.25AC – 3.41BC – 3.92A2 + 2.00B2 – 0.2898C2 

 

 

 
 

Fig. 3: Optimization of parameters against SCM 
SCM= Sahiwal clinical mastitis 
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Brown Swiss) showed up-regulation of TNF-α gene 

expression after the subsequent induction of mastitis by LPS 

(Lipo-polysaccharide) exposure which is the key virulence 

factor of Gram-negative bacteria (Blum et al. 2000; Kahl et 

al. 2009; Ranjan et al. 2015). 

The findings revealed that the immune response of 

mastitis affected groups (clinical and subclinical) consisting 

a higher TNF-a mRNA expression along with up-regulation 

of IL-8, IL-6, IL-12 & interferon (mentioned in other 

studies) serves as a crucial defense mechanism, which is 

lacking in non-mastitic Sahiwal cows (Ranjan et al. 2015). 

The mRNA expression of TLR-2 TNF-a, IL-1β, and IL-8 

was respectively 13.34, 7.15, 62.49 and 26 times higher in 

subclinically mastitic buffaloes, as were also observed in 

cattle (Fonseca et al. 2015; Tanamati et al. 2019). Our 

findings seem to support the research of other authors which 

suggests that immune system genes are important to 

characterize the action mechanism of the immune system 

that occurs in clinical and subclinical mastitis. 
 

Conclusion 
 

The results of present study indicate that polymorphism in 

promoter region of TNF-α at position130 (A>G) might be 

associated with mastitis susceptibility and influences 

relative mRNA expression of this gene in mastitis affected 

Sahiwal cows. The fold change of TNF-α was 35, 9.35, and 

1.8 times in clinical mastitis, subclinical mastitis, and non-

mastitic milk samples, respectively. Such higher expressions 

favor use of TNF-α gene as an accurate marker of severity 

Table 5: Analysis of variance of optimization parameters against Sahiwal non-mastitic (SNM) cow via Response Surface Methodology 

 
Source Sum of Squares df Mean Square F-value P-value  

Model 225.66 9 25.07 4.69 0.0269 Significant 

A-Fold Change 34.82 1 34.82 6.52 0.0379 

B-TNF-α 44.27 1 44.27 8.29 0.0237 
C-GAPDH 0.0001 1 0.0001 0.0000 0.9965 

AB 35.82 1 35.82 6.70 0.0360 

AC 5.66 1 5.66 1.06 0.3374 
BC 40.64 1 40.64 7.61 0.0282 

A² 45.11 1 45.11 8.44 0.0228 

B² 22.46 1 22.46 4.20 0.0795 
C² 0.1038 1 0.1038 0.0194 0.8931 

Residual 37.40 7 5.34   

Lack of Fit 17.13 3 5.71 1.13 0.4382 Not significant 
Pure Error 20.28 4 5.07   

Cor Total 263.06 16     
R2 =   85.78% 

SN = 6.51 + 1.73A + 1.58B + 0.3779C + 2.63AB – 1.19AC – 2.81BC – 3.27A2 + 1.79B2 + 0.1570C2 

 

 

 

 
 

Fig. 4: Optimization of parameters against SSM 
SSM= Sahiwal subclinical mastitis 
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of mastitis which is time and cost saving authentic approach 

to be used as diagnostic and research purposes. The findings 

of the present study would help scientific community to 

understand the genetic mechanisms underlying TNF-α 

mediated mastitis susceptibility. 
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Table 6: Predicted and experimental values of optimization parameters via Box-Behnken Design 

 
Runs Fold 

Change 

TNF-α GAPDH SCM SSM SNM 

Observed values Predicted values Observed values Predicted values Observed values Predicted values 

1 1.8 22.505 25.25 1.4 1.21 1.1 0.95 1.5 1.01 

2 18.4 20.25 25.25 2.5 2.22 2.6 2.21 2.2 2.07 

3 35 22.505 25.61 3.7 3.12 3.2 3.11 3.4 3.32 
4 1.8 20.25 25.43 4.3 4.28 4.5 4.59 4.7 4.52 

5 18.4 22.505 25.43 5.6 5.43 6.7 6.56 5.4 5.32 

6 18.4 22.505 25.43 7.5 7.45 7.8 7.48 6.23 6.11 

7 18.4 22.505 25.43 8.7 8.65 9.6 9.39 7.71 7.47 

8 35 22.505 25.25 9.12 9.09 10.11 10.03 8.65 8.23 

9 18.4 24.76 25.61 10.31 10.11 11.45 11.34 9.87 9.19 

10 18.4 22.505 25.43 11.54 11.42 12.53 12.11 10.12 10.01 

11 18.4 20.25 25.61 12.31 12.21 13.67 13.41 11.43 11.12 
12 35 24.76 25.43 13.87 13.76 14.32 14.56 12.87 12.76 

13 18.4 24.76 25.25 14.97 14.95 15.87 15.43 13.39 13.78 

14 18.4 22.505 25.43 8.87 8.81 6.43 6.13 4.32 3.97 

15 1.8 24.76 25.43 7.21 7.17 5.39 5.11 3.31 3.10 

16 35 20.25 25.43 6.72 6.45 4.87 4.23 2.29 2.18 

17 1.8 22.505 25.61 5.12 5.01 3.21 3.03 1.01 0.78 

Based on analysis of variance applied on this model, it became obvious that this model has shown significant response at 5% level of significance while this model is also very 

suitable and reproducible due to having very less lack of fit (P>0.05). The co-efficient of determination (R2) also confirms that with 89% surety the data regarding SCM is highly 

significant and has potential application under various conditions. Thus, the optimum parameters have also been defined as shown in Table 3 and Fig. 3 

SCM= Sahiwal clinical mastitis 

SSM= Sahiwal subclinical mastitis 

SNM=Sahiwal non-mastitic 

 

 

 

 
 

Fig. 5: Optimization of parameters against SNM 
SNM= Sahiwal non-mastitic 
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