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ABSTRACT

The current investigation determines 
the occurrence of subclinical mastitis and its 
diagnosis in relation to milk SCC and biochemical 
composition in buffaloes. The results showed 
that taking quarter foremilk (QFM) somatic cell 
count (SCC) threshold limit of <200×103 cell for 
defining healthy quarters, 16.48% of buffaloes 
and 5.79% of quarters were positive for specific 
subclinical mastitis. In total, 57/363 (15.70%) of 
quarters were bacteriological positive with 21 
(5.79%) representing specific and 36 (9.92%) latent 
infections. The major pathogen isolated were 28 
(49%) coagulase-negative staphylococci followed 
by 16 (28%) S. aureus, 09 (16%) Streptococcus 
and 4 (7%) Corynebacterium spp. The average 
QFM SCC was found as 52.50×103 cells /ml for the 
quarter with no bacteria, and 356.51×103 cell /ml for 
the quarters infected with one or the other bacteria 
(P<0.05). The milk electrical conductivity (EC), 
Fat and Lactoseshowed significant alterations with 
the quarter infection; the EC and Fat increased 
while Lactose decreased in infected quarters 
(P<0.05). The California mastitis test CMT) at a 
cut off score of >0.5 for diseased quarters showed 
68.75% sensitivity with 99.09% specificity. The 
EC with 87.50% sensitivity and 74.02% specificity 
and Lactose with 84.37% sensitivity and 66.16% 

specificity also showed significant (P<0.01) 
discrimination ability to differentiate healthy and 
mastitis quarters in buffaloes. The milk pH was not 
found to be a good parameter to identify diseased 
quarters. 

Keywords: Bubalus bubalis, buffaloes, subclinical 
mastitis, milk SCC, biochemical components, 
diagnosis

INTRODUCTION

Mastitis is major animal welfare and 
economic concern in the dairy industry (Medrano-
Galarza et al., 2012). It is characterized by physical, 
chemical and bacteriological changes in the milk 
and pathological changes in the glandular tissue 
(Sharma, 2007). Its occurrence could be clinical 
and subclinical. The subclinical mastitis due to 
its hidden form and higher occurrence results in 
higher economic losses (Bansal and Gupta, 2009) 
and forms a constant reservoir of intramammary 
infections in the dairy herd. Mastitis refers to an 
inflammation within the udder but not always 
necessarily infection; however, the bacterial 
infection is the usual cause of mastitis (Pyörälä, 
2003; Oliveira et al., 2004). In response to infection 
and injury, there is the shedding of somatic cells in 
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milk. Therefore, the guidelines for the diagnosis 
of mastitis include both the microbial culture and 
the milk SCC as a measure of udder inflammation. 
Milk SCC is a key component of international 
and national regulations for milk quality and is 
an indicator of udder health and the prevalence of 
clinical and sub-clinical mastitis in dairy farming 
(Sharma et al., 2013). Normally, in milk from a 
healthy mammary gland, the SCC is lower than 105 
cells/ml, while in bacterial infection it increases 
above 106 cells/ml (Bytyqi et al., 2010). Buffalo 
is considered to be less susceptible to mastitis 
than cattle (Mustafa et al., 2013). Some important 
udder morphological characteristics of the buffalo 
may influence any difference from the cow in the 
predisposition for infections and inflammations, 
e.g. the tighter teat sphincter of buffaloes (Uppal 
et al., 1994). On the other hand, more pendulous 
udders and longer teats with larger teat diameter 
in buffaloes may contribute to a greater risk of 
mastitis (Kaur et al., 2018).

In mastitis, the biochemical composition 
of milk gets altered; an increase in EC and SCC, 
and a decrease in lactose content in milk from 
mastitis udders was reported in dairy cows (Bansal 
et al., 2005). Concerning milk fat, no effect of 
mastitis was observed by Rogers et al. (1989). 
Whereas a reduction in the fat content of milk in 
subclinical mastitis was noted in cows (Auldist et 
al., 1996). The mastitis-related alterations in the 
biochemical components of milk have been used 
in the identification of diseased quarters/ udders 
(Bansal et al., 2005). For example, electrical 
conductivity is frequently used in the identification 
of mastitis quarters by cow-side and milk line 
systems. However, the discrimination ability of EC 
is considerably affected by the fat level and fraction 
of milk used (Holdaway et al., 1996; Bansal et 
al., 2005). Lactose was found to lead to good 

differentiation of healthy and mastitis quarters in 
one study (Bansal et al., 2005) but it did not show 
promising results in other investigations (Holdaway 
et al., 1996). Singh et al. (2018) observed the 
highest level of discrimination for CMT (86.74%) 
in differentiating healthy and mastitis quarters in 
Sahiwal cows. The use of EC showed a 36.30% 
positive prediction with 33% misclassifications.

The purpose of the present study is to 
evaluate the udder health in buffaloes particularly in 
relation to milk SCC and biochemical composition 
and determine the efficacy of various biochemical 
parameters in the diagnosis of subclinical quarter 
infections.  

MATERIALS AND METHODS

The study involved 91 lactating buffaloes 
in an organized dairy farm.  The animals were 
milked twice daily at 12 h milking intervals with 
test day average milk production of 7.9 Kg. The 
weaning of calves was practiced at birth, and daily 
morning and evening milking was recorded. The 
udder preparation included pre-milking washing 
and drying of the udder and post milking teat 
dipping. The prompt therapy of clinical mastitis 
cases and use of dry therapy were followed as a 
farm management practice.

The milk samples were collected at the 
regular afternoon milking (3.30 pm). It was ensured 
that no animals involved in the study suffered 
from clinical mastitis or were treated for mastitis 
during the last 21 days. The proper cleanliness and 
dryness of the udder and teats were ensured. The 
teat orifice was disinfected with a spirit swab. The 
two types of milk samples were collected: quarter 
foremilk (QFM, about 10 to 15 ml) from each 
functional quarter in sterilized glass vials and the 
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udder composite milk (about 30 to 40 ml) in clean 
disposable plastic vials. No samples from freshly 
calved (before the fifth day after calving) or late 
lactation buffaloes (after 270 days of lactation) or 
animals with day milk production less than 3 Kg 
were used. The milk samples after collection were 
straightaway transferred and processed for various 
parameters in the mastitis designated lab.

Microbiological analysis
The standard microbial procedures 

prescribed by the National Mastitis Council 
(Hogan et al., 1999) were employed for milk 
culturing and isolation and identification of 
microbial organisms. After thorough mixing, the 
milk sample was streaked on the 5 to 7% ovine 
blood agar plates. Each plate was divided into four 
equal parts marked for the individual quarters 
and 0.05 ml of quarter milk was streaked on the 
respective part with a sterilized platinum loop. The 
plates were incubated at 37oC and examined after 
24 to 48 h for the presence of any bacterial growth. 
The growth if any was evaluated in terms of colony 
shape, size, color, texture and hemolytic pattern. 
Further classification and identification of bacteria 
followed Gram staining and Catalase tests. 

The Catalase test could distinguish 
the Gram-positive cocci into Catalase-
negative Streptococcus and catalase-positive 
Staphylococcus or Corynebacterium spp. The 
corynebacteria growth was visible after 36 to 
48 h of incubation, mainly in the fatty areas of 
milk-streaked plates and was non-hemolytic. The 
Mannitol salt agar and Baird Parker agar were used 
for the differentiation of Staphylococcus aureus 
from other Staphylococcus spp. On Mannitol 
salt agar, Staphylococcus aureus resulted in 
yellow zones with yellow colonies, whereas other 
staphylococci showed no change in colour of 

medium, and produced small pink or red colonies. 
On Baird Parker agar, Staphylococcus aureus 
caused an opaque zone of precipitation with dark 
grey to black colonies. The tube coagulase test was 
also done to identify the coagulase-positive and 
coagulase-negative staphylococci by using rabbit 
plasma.

Somatic cell count
Soma Scope Smart (From DELTA 

Instruments, The Netherlands) measured the 
somatic cells in milk. Both absolute (×103cells/
ml) and somatic cell score (SCS) values were 
calculated.

 
California mastitis test

In this test, the sodium lauryl sulfate was 
used as a test reagent. The test was conducted in a 
plastic paddle with four cups marked for individual 
teats. The milk and reagent were added in equal 
quantities (about 3 ml each). The contents were 
mixed by giving a circular motion to the paddle 
along the horizontal plane. The results were 
recorded within 10 seconds and interpreted as:

No mastitis (-, CMT score 0): Liquid with 
no precipitate.

Trace (CMT score 0.5): Traces of 
precipitate which disappeared quickly

Doubtful (+, CMT score 1): Traces of 
precipitate with little gel formation

Positive (++, CMT score 2): Precipitate 
thickens and moves towards the center on swirling.

Strong positive (+++, CMT score 3): A 
well-defined gel which a tendency to stick to 
the base of the cup and a central peak was seen 
during swirling. When movements stopped, 
the mixture leveled again at bottom of the cup.
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Electrical conductivity
The milk electrical conductivity was 

measured using a digital conductivity meter from 
Mettler-Toledo Five EasyTM Plus. The results were 
expressed in mS/cm.

pH
  A digital pH meter (Mettler-Toledo Five 
EasyTM Plus) was used for evaluating the pH of the 
milk.

Biochemical composition of milk
The milk biochemical components viz., 

fat, protein, solids not fat (SNF) and lactose were 
tested by using milk analyser lactoscan LA from 
Milkotronic Ltd., Bulgaria. The basic operation 
is that of an infrared spectrophotometer in which 
an infrared single beam is focused to pass through 
the samples and strike a detector. The energy 
detected is amplified through a microprocessor and 
converted to a corresponding readout. The results 
were expressed in % fat, protein, lactose, and SNF.

Definition of quarter/ udder health
The health status of individual quarters was 

defined following IDF criteria which considered 
at a time both the culture result and cell count of 
quarter foremilk (Table 1A).

The buffaloes with all the four healthy 
quarters were categorized into Healthy udders. 
Whereas the buffaloes with one or more specific/ 
non-specific mastitis quarter (s) were assigned the 
Mastitis udders group. 

Statistical analysis
The statistical evaluation and interpretation 

of the data were done by applying ANOVA with 
post HOC (Tuckey’s method) using SAS version 
9.3 (SAS Institute, Cary, USA). The statistical 

analyses to determine the diagnostic efficacy of 
the tests (kappa coefficient, the area under the 
receiver operating characteristic (ROC) curve, 
sensitivity, specificity, Youden index, positive 
and negative likelihood ratios, and positive and 
negative predictive values were performed. The 
SCC threshold of 200×103 cells/ml was used to 
determine the sensitivity and specificity of different 
parameters in discriminating individual mammary 
quarters into healthy and diseased ones. The level 
of significance was set at P<0.05.

RESULTS AND DISCUSSION

The occurrence of Subclinical mastitis in 
Buffaloes

At QFM cutoff ≤200×103 cells/ml for 
healthy quarters, 15/91 buffaloes (16.48%) and 
21/363 quarters (5.79%) were found positive 
for specific mastitis. The 11 quarters (3.03%) 
had nonspecific, and 36 (9.92%) showed latent 
infections, with the remaining 295 (81.27%)
revealing no bacterial infection (Table 1B). The 
occurrence of disease in our study falls in line 
with the one reported by Joshi and Gokhale (2006) 
who observed the disease prevalence in buffaloes 
varying from 5 to 20% in India. They further 
observed disease prevalence much higher in Jersey 
and Holsteins cows as compared to that in buffaloes 
and local cattle. The incidence of latent infections 
was found lower than reported previously 26.63% 
(Bansal et al., 1995) and 23.08% (Kumar et al., 
2012). Dhakal (2006) identified subclinical mastitis 
quarters in buffaloes based on positive milk 
cultures and SCC 200×103 cells/ml and observed 
21.7% of buffaloes and 8% of the quarters positive 
for mastitis. Using IDF criteria, Supriya et al. 
(2010) estimated that 14.17, 18.33 and 8.35% of 
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quarters in buffaloes had subclinical, latent and 
nonspecific mastitis, respectively. Overall, 53.33% 
of animals were positive for bacteriology and 35% 
revealed milk SCC above 500×103 cells/ml. The 
comparatively lower disease prevalence in the herd 
under our study may be probably attributed to the 
organized management system including hygienic 
milking procedure, post milking teat dipping, and 
dry therapy.

The coagulase-negative staphylococci 
(CNS) causing almost half (49%, 28/57) of the 
intramammary infections (IMI) were found the 
major organism in the present study, followed by 
S. aureus (28%, 16), Streptococci (16%, 09) and 
Corynebacteria (7%, 04).

The predominance of CNS as pathogens of 
subclinical mastitis in buffaloes has been reported 
previously (Chavoshi and Hussain, 2012; Pankaj 
et al., 2013; Bansal et al., 2015). In a 10 year 
evaluation of data, Bhutia et al. (2019) observed the 
staphylococci chief etiological agents in clinical 
cases of mastitis also.  However, the distribution of 
mastitis isolates seen in the current investigation 
differed from that documented previously in cows 
(Abdel-Rady and Sayed, 2009) and buffaloes 
(Mitra et al., 1995) where these workers reported 
the Escherichia coli as one of the major isolates 
in subclinical mastitis cases. The predominance of 
staphylococci may be attributed to several factors. 
First, staphylococcal mastitis being one of the most 
common contagious nature, these organisms may 
spread from infected to healthy buffaloes on hands 
or equipment from one udder to another. 

Second, the  S. aureus persists in the 
mammary glands and result in chronic lifelong 
infection (Bannerman et al., 2004; Riollet et al., 
2000; Yang et al., 2008). The S. aureus is also a 
common commensal of skin. They inhabit the teat 
skin, enter through the teat canal into the gland 

and resist phagocytosis. This mechanism includes 
a capsule, surface protein, and biofilm-associated 
protein which usually causes subclinical infection, 
causing higher cell counts but no detectable 
changes in milk or the udder (Ruegg et al., 2015).

Variation in milk somatic cell count and 
biochemical composition with quarter infections

The Mean±SESCC and biochemical 
composition of the QFM in the healthy and infected 
quarter are presented in (Table 2). A significant 
difference was found for milk SCC, EC, fat, and 
lactose between the infected and healthy quarters; 
the SCC, EC and fat increased while the lactose 
decreased with intramammary infections. The pH 
and total protein did not show any change while the 
SNF content decreased marginally. An increase in 
SCC of the infected quarter is due to a response 
towards invasive agents (pathogens). According 
to Bytyqi et al. (2010), in the healthy mammary 
gland, the SCC is lower than 1×105 cells/ml, while 
bacterial infection can cause it to increase above 
1×105cells/ml. The difference in milk composition 
with higher somatic cell count has been reported 
previously in cows (Hamann, 2002; Bansal et al., 
2005; Berglund et al., 2007) and buffaloes (Bansal 
et al., 2007). Mastitis increased the concentration 
of ions mainly Na+ and Cl ̄ and decreased the 
concentration of K+ and lactose in milk and hence 
increases the EC of the milk. (Fahmid et al., 2016). 

The decrease in lactose contents with 
quarter infections is generally accepted. Ingalls 
(2003) found out lower content of lactose (0.69%) 
with a rise of per ml milk cell count to 4.21×103. 
Similarly, a high negative association was observed 
of SCC with the lactose content of milk (Sawa and 
Piwczynski, 2002). The reduction in lactose content 
may be attributed to the decreased synthesis 
caused by damage to mammary glandular tissue 
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(Schallibaum, 2001). Also, the passing of lactose 
from the mammary gland into the blood due to the 
increased permeability of tissues between the milk 
duct of the udder and the blood plays a part. 

A review of the literature shows 
contradictory reports concerning concentration 
changes in total protein contents due to mastitis. 
While we did not find any change, Rawdat and 
Omaima (2000); Ullah et al. (2005); Thakur 
et al. (2018) observed a substantial decrease in 
total protein contents of milk. On another side, 
an increase (Auldist et al., 1996) or no change 
(Mitchell et al., 1986; Rogers et al., 1989) in total 
protein values of milk due to mastitis was seen. 
These variable outcomes may be explained on 
the basis that “total protein” comprises diverse 
fractions. The fractions originating from blood 
e.g. bovine serum albumin and immunoglobulins 
upturn due to increased alveolar permeability, 
while protein fractions of mammary gland origin 
such as lactalbumin, casein, and lactoglobulin 
decline due to impaired glandular synthesis. Thus, 
the magnitude of alteration in total protein content 
of milk depends upon the type and amount of 
pathological response in mastitis. 

Our findings on increase in the fat values in 
mastitis fall in line with earlier recordings (Paura 
et al., 2002; Sawa and Piwczynski, 2002) where a 
positive correlation between the Log SCC and fat 
content of milk was observed. However, it is unlike 
where a decrease (Bansal et al., 2007; Thakur et 
al., 2018) or no change (Rogers et al., 1989) was 
observed in the fat content of milk with mastitis in 
buffaloes/ cows.

While decreases in the fat content of 
milk may be explained by the decreased synthesis 
owing to damage to the gland, the increase in fat 
could be justified by a concurrent large reduction 
in milk production rather than decreased fat 

synthesis, telling as a result, a seeming rise in the 
fat percentage (Schultz, 1977). The decrease in 
the SNF content of milk with mastitis is agreed 
generally (Bansal et al., 2007).

Ability of biochemical parameters in 
distinguishing healthy and mastitis quarters

The CMT at the cut off point of >0.5 for 
diseased quarters showed 68.75% sensitivity with 
99.09% specificity (Table 3). The EC with 87.50% 
sensitivity and 74.02% specificity and Lactose with  
84.37% sensitivity and 66.16% specificity were 
also found good parameters to differentiate healthy 
and mastitis quarters in buffaloes. Fosgate et al. 
(2013) compare the sensitivity and specificity of 
milk electrical conductivity (EC) to the California 
mastitis test (CMT). They observed that the CMT 
was more accurate than EC for the classification 
of cows having somatic cell counts >200, 000/ml 
and for isolation of a bacterial pathogen. Reddy et 
al. (2014) found that EC had the highest specificity 
(84.84%) and predictive value (79.59%) with the 
lowest sensitivity (56.62%) compared with the 
other diagnostic methods of subclinical mastitis in 
cattle thus it can be used as the criteria to treat and 
cull the animals in herds with a high prevalence 
of subclinical mastitis. Pyorala (2003) and Joshi 
and Gokhale (2006) determined the California 
mastitis test as the gold standard for screening 
of mastitis in dairy bovines with higher (>95%) 
sensitivity and specificity. Whereas, Tiwari et 
al. (2018) determined the milk SCC as a better 
parameter to distinguish healthy and mastitis 
udders at a threshold of 245×103 cells/ml with 
99.97% accuracy. In our study, for the cutoff pH 
value of 6.9, sensitivity in QFM was 59.38% with 
a specificity of 79.46 %. The AUC (area under 
curve) of the ROC graph was 0.703, indicating that 
the QFM pH could be considered to differentiate 
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healthy and diseased quarters in buffaloes. This 
is in agreement with the similar findings reported 
for pH as an indicator of subclinical mastitis in 
cows (Bansal et al., 2005). However, Kandeel et 
al. (2019) concluded that at the pH meter cutoff 
point at dry off ≥6.67 and freshening ≥6.52, the 
pH had poor sensitivity, specificity, positive 
likelihood ratio, and kappa coefficient so that it is 
not used for diagnosing the SCM or IMI in dairy 
cattle. Patbandha et al. (2016) used milk lactose to 
discriminate infected and healthy udder quarter 
based on CMT. They estimated an optimum 
threshold value of 5.31g% (Sensitivity 58.82%; 
Specificity, 58.28%) in moderate infection and 
5.23 g% (Sensitivity 70.97%; Specificity 64.41%) 
in severe infection by ROC analysis.

CONCLUSIONS

It may be determined that buffaloes 
harbor fewer quarter infections and possess lower 
milk SCC levels than that generally reported in 
cows. As such a physiological threshold of milk 
SCC in buffaloes may be defined at 100×103cells/
ml and pathological at >200×103cells/ml. The 
intramammary infections, even at a subclinical 
level, may result in a considerable rise in SCC and 
EC, and a decrease in lactose content of milk. The 
alterations in these parameters could be used in 
the diagnosis of subclinical quarter infections with 
significant discrimination ability. 
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