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ABSTRACT

In Southern Italy, buffalo (Bubalus bubalis) milk is 
mostly intended for the manufacture of Mozzarella 
di Bufala Campana Protected Denomination of Ori-
gin (PDO) cheese. Despite the economic boost of the 
last 2 decades, the buffalo farming system should be 
improved to maximize the efficiency of the dairy indus-
try, improve yield and quality of milk and cheese, and 
work toward better animal welfare. Milk somatic cell 
count (SCC) is used worldwide as an indicator of udder 
health in individual milk and is useful for monitoring 
farm hygiene in bulk milk. Mastitis data are currently 
not available on a large scale in Italy; thus, SCC is 
essential for identifying animals with suspected udder 
infection and inflammation. Moreover, high milk SCC 
is associated with altered composition and acidity, and 
poor technological properties of milk. However, pay-
ment systems of the PDO area are based simply on 
the delivered volume of milk rather than on quality 
characteristics. Hence, currently there are no penalties 
for elevated SCC in bulk milk in the Italian buffalo 
dairy industry. In addition, SCC for buffalo milk is not 
mentioned by either the European Community regula-
tions or the PDO protocol, evidencing a lack of rules 
for the maximum SCC limit. To provide a phenotypic 
characterization of SCC at the population level and 
to improve knowledge on buffalo milk quality, 876,299 
test-day records of 70,156 buffaloes reared in the PDO 
area were analyzed. Data revealed that around 11% 
of herd-test-dates (≥5 animals sampled each) showed 
average milk SCC ≥400,000 cells/mL (i.e., above the 
threshold fixed by the European Community for bovine 
milk). This suggests that there is room to improve SCC 
at both the farm and individual level. Within first par-
ity, more than 28 and 15% of lactations had average 
SCC ≥200,000 and ≥300,000 cells/mL, respectively. 
Both percentages increased with parity and were 39 and 

25% in sixth parity, respectively. Supporting this, the 
proportion of lactations with average SCC ≥500,000 
cells/mL increased from 6% in first parity to 12% in 
sixth parity. Milk yield and SCC were negatively cor-
related with each other, especially when SCC level was 
high. An ANOVA was carried out on test-day record 
milk yield and composition traits, with fixed effects of 
parity, lactation stage, class of somatic cell score (n = 
6), month of calving, and their interactions; buffalo, 
herd-test-date, and residual were considered random ef-
fects. Significantly lower milk yield and lactose percent-
age were estimated in progressively higher classes of so-
matic cell score, whereas no significant differences were 
observed for fat and protein percentages. This is the 
first attempt to investigate milk SCC in a large data set 
of Italian dairy buffaloes. These findings may be helpful 
for defining reliable and effective SCC thresholds to be 
adopted whenever specific penalties for high SCC are 
included in milk payment systems. Finally, these re-
sults could be used in mastitis monitoring plans aiming 
to reduce SCC and udder issues at both the individual 
and farm levels in the Italian buffalo population.
Key words: buffalo milk, somatic cell count, milk 
yield, milk quality

INTRODUCTION

Buffalo milk quality is a hot topic for the Italian dairy 
industry because it directly affects technological char-
acteristics of milk (Manuelian et al., 2017). In Southern 
Italy, buffalo milk is mostly intended for the manu-
facture of Mozzarella di Bufala Campana (MBC), a 
Protected Denomination of Origin (PDO) cheese (EU 
Regulation no. 1107/1996 of 12 June 1996; EU, 1996) 
appreciated all over the world for its organoleptic and 
nutritional quality, with demand and export growing 
year by year (CLAL, 2018). The number of buffaloes 
(Bubalus bubalis) farmed in the designated PDO area 
has increased in the last 20 yr, driven by favorable 
market perspectives (Consorzio Tutela Mozzarella di 
Bufala Campana, 2017). In fact, the number of heads 
registered in the official recording system increased 
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from 18,950 in 2006 to 34,655 in 2018 in the Campania 
region, which currently hosts more than 80% of the buf-
faloes of the PDO area (Italian Breeders Association, 
AIA, 2019a). However, in the same region, the number 
of farms did not show the same trend and only slightly 
increased from 105 (2006) to 121 (2018; AIA, 2019a).

In 2018, the national average milk production at 270 
DIM reached 2,357 kg, with a mean fat percentage 
(FP) of 8.03 ± 0.99% and a mean protein percentage 
(PP) of 4.63 ± 0.32% (AIA, 2019a). Nevertheless, the 
sustainable improvement of animal performance, herd 
management practices, and milk quality still represents 
a crucial challenge for the Italian dairy buffalo sector. In 
fact, the progressive intensification of the system (i.e., 
increased herd size, greater individual milk productiv-
ity, and the application of intensive or semi-intensive 
breeding techniques mostly designed for bovines) has 
led to managerial issues and to consumer sensitivity 
regarding animal welfare and food safety (De Rosa et 
al., 2005). Moreover, in the era of antibiotic microbial 
resistance and animal welfare, improving health and 
limiting antibiotic use in buffaloes is strongly recom-
mended.

Mastitis is a disease with great impact in terms of 
costs in dairy species, including buffaloes. Economic 
losses generally refer to reduced milk yield (MY) and 
impaired quality, veterinary treatments, culling, and 
cost of replacement. In Italian buffaloes, prevalence 
and incidence of mastitis tend to be quite high, indi-
cating poor hygiene and insufficient management care 
(Fagiolo and Lai, 2007). In addition, it is difficult to es-
timate the incidence of mastitis at the present time due 
to scarce communication among stakeholders and to 
suboptimal data management. The SCC represents the 
milk concentration of somatic cells, mostly leukocytes, 
and is the most adopted indicator of udder health in 
livestock worldwide. A strong positive relationship ex-
ists between SCC and mastitis in buffalo (Moroni et 
al., 2006; Bansal et al., 2007; Tripaldi et al., 2010). In 
addition, whereas mastitis diagnosis by veterinarians is 
binary (i.e., presence or absence), test-day (TD) SCC 
data are quantitative, longitudinally recorded, noninva-
sive, easy to measure, and more objective.

According to EU Regulation no. 853/2004 of 29 April 
2004 (EU, 2004), an SCC limit exists only for bovine 
bulk tank milk and there is no limit for SCC in the MBC 
PDO protocol, evidencing a lack of maximum threshold 
permitted in buffaloes. According to PDO protocol, 
milk for MBC manufacture must simply contain FP 
≥7.20% and PP ≥4.20%. As a consequence, chronic 
cases with high milk SCC often are not registered and 
not culled in buffalo farms. Finally, the scarce inter-
est in SCC in the Italian dairy buffalo sector has an 

economic element. Currently, no penalties are present 
for bulk milk with elevated SCC in payment systems 
because most systems are only based on the delivered 
volume of milk (kg) and rarely reward FP or PP. These 
factors, together with scarce communication within the 
chain, certainly contribute to suboptimal bulk MY, 
milk quality, and herd health.

Overall, very few studies have evaluated the influence 
of SCC on milk features in buffaloes, especially in large 
data sets. For instance, Tripaldi et al. (2003) inves-
tigated the effect of SCC on MY, composition traits, 
and coagulation properties in 1,859 Italian buffalo milk 
samples. In Europe, the effect of high SCC on MY and 
milk quality traits has been investigated only in few 
experimental studies under controlled conditions with 
relatively small data sets (Bansal et al., 2007; Sharif 
et al., 2007; Osman et al., 2009). Therefore, this study 
aimed to improve the knowledge on these aspects in the 
current population of Italian buffaloes by providing an 
overview of SCC at both the animal and farm levels on 
a large scale and by estimating the effect of different 
levels of SCC on MY and traditional composition traits.

MATERIALS AND METHODS

Data

A total of 1,414,449 milk TD samples collected be-
tween January 2013 and December 2017 from 106,388 
buffaloes were available from the official database of 
the Italian Breeders Association (AIA; Rome, Italy). 
Information on birth date, daily MY, parity, and DIM 
for each observation was also provided. The daily MY 
(at 24 h) in animals milked once a day was calculated 
by AIA through specific coefficients from the single MY 
available (AIA, 2019b).

Milk FP, PP, and lactose percentage (LP) were pre-
dicted using infrared spectroscopy at the milk labora-
tory of the Breeders Association of Campania region 
(Benevento, Italy) with a MilkoScan FT6000 (Foss 
Electric A/S, Hillerød, Denmark), and SCC was as-
sessed using a Fossomatic FC (Foss Electric A/S). For 
each TD, the fat-to-protein ratio (FPR), an indicator 
of negative energy balance, was calculated as FPR = 
FP/PP.

The editing criteria included restrictions on DIM (5 
to 400), parity (first to sixth), and age at calving within 
parity (mean ± 1 SD). Considering MY, FP, PP, FPR, 
and LP, values were retained only if within the range 
of mean ± 3 SD, whereas for SCC the minimum and 
maximum were fixed at 1,000 and 10,000,000 cells/
mL, respectively. For statistical purposes, SCC was 
transformed into SCS through the conventional formula 
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proposed by Ali and Shook (1980) to achieve a normal 
distribution. Within each lactation of a buffalo, at least 
5 TD were needed for inclusion in statistical analysis. 
Finally, contemporary groups (herd-test-date; HTD) 
with fewer than 5 buffaloes sampled were removed, end-
ing up with 70,156 animals in 336 herds with 876,299 
TD in 125,703 lactations. For SCS, MY, and composi-
tion traits, Pearson correlations were estimated in SAS 
(version 9.4; SAS Institute Inc., Cary, NC).

Analysis of Variance

To estimate the effect of different levels of SCS on 
MY and composition, 6 classes of SCS were designed 
from its overall mean (μ; 2.93 units) and SD (σ; 1.75 
units) so that the frequency of records could follow a 
normal distribution. In particular, criteria were as fol-
lows:

• Class 1 (42,258 TD): SCS ≤ (μ − 1.5 × σ)
• Class 2 (81,005 TD): (μ − 1.5 × σ) < SCS ≤ 

(μ − 1 × σ)
• Class 3 (346,674 TD): (μ − 1 × σ) < SCS ≤ μ
• Class 4 (267,393 TD): μ < SCS ≤ (μ + 1 × σ)
• Class 5 (70,155 TD): (μ + 1 × σ) < SCS ≤ (μ + 

1.5 × σ)
• Class 6 (68,814 TD): SCS > (μ + 1.5 × σ)

For a better modeling of lactation stage effect, 11 blocks 
of 30 DIM each were created, except for the first (5–30 
DIM), the second to last (270–310 DIM), and the last 
(310–400 DIM) blocks. The ANOVA was carried out in 
ASREML 4.1 (Gilmour et al., 2015) with the following 
model:

 yijklmn = μ + Pari + Lactj + Monthk + SCSl   

+ (Par × Lact)ij + (Par × Month)ik + (Par × SCS)il  

+ (Lact × Month)ik + (Lact × SCS)jl  

+ (Month × SCS)kl + IDm + HTDn + eijklmn,

where y is the dependent variable (MY, FP, PP, FPR, 
and LP); Par is the fixed effect of the ith class of par-
ity; Lact is the fixed effect of the jth stage of lactation; 
Month is the fixed effect of the kth month of calving; 
SCS is the fixed effect of the lth class of SCS; (Par × 
Lact) is the fixed effect of interaction between parity 
and lactation stage; (Par × Month) is the fixed effect of 
interaction between parity and month of calving; (Par 
× SCS) is the fixed effect of interaction between parity 
and class of SCS; (Lact × Month) is the fixed effect 
of interaction between stage of lactation and month of 

calving; (Lact × SCS) is the fixed effect of interaction 
between lactation stage and class of SCS; (Month × 
SCS) is the fixed effect of interaction between month 
of calving and class of SCS; and ID (n = 70,156), HTD 
(n = 11,303), and e are the random effects of the mth 
female buffalo, the nth contemporary group, and the 
residual, respectively. The Bonferroni t-test was used 
for testing differences among least squares means (P 
< 0.05).

RESULTS AND DISCUSSION

Data Overview

In the present study, MY, FP, PP, FPR, LP, and SCS 
averaged 9.01 kg/d, 8.12%, 4.71%, 1.73, 4.77%, and 2.93 
units, respectively. The coefficient of variation ranged 
from 6.71 (LP) to 59.73% (SCS). Overall, milk compo-
sition mirrored that of all national buffaloes subscribed 
to official recording (Associazione Nazionale Allevatori 
Specie Bufalina; ANASB, 2017) and was comparable 
with the results of Manuelian et al. (2017). However, 
MY was slightly above the average value (8.60 kg/d) 
reported by AIA (2019a) for the year 2018, calculated 
for standard lactations (270 DIM) of buffaloes between 
first and third parity farmed in the Campania region.

Table 1 shows the number and percentage of lac-
tations characterized by at least 1 TD SCC above a 
certain threshold, hereby referred to as a peak. As ex-
pected, the proportion of lactations with at least 1 peak 
increased with parity order. Within all parities, more 
than 65% of buffaloes presented at least 1 peak of SCC 
≥200,000 cells/mL (Table 1). Furthermore, within first 
parity, more than 52 and 42% of animals had at least 1 
peak of SCC ≥300,000 and ≥400,000 cells/mL, respec-
tively; greater percentages were found in subsequent 
parities (Table 1).

In first parity, 28.36% of lactations had average SCC 
(based on at least 5 TD) ≥200,000 cells/mL; this per-
centage was 39.05% in sixth parity (Table 1). Overall, 
the number of lactations with average SCC above a 
certain threshold increased with parity; for example, 
6.35% of lactations had average SCC ≥500,000 cells/
mL in first parity, and this percentage doubled (12.31%) 
in sixth parity (Table 1).

Finally, 37.37, 20.06, 11.35, and 6.62% of HTD showed 
average SCC (based on at least 5 animals sampled) 
≥200,000, ≥300,000, ≥400,000, and ≥500,000 cells/
mL, respectively. In this case, if bovine raw milk legis-
lation would be applied (EU Regulation no. 853/2004 
of 29 April 2004; EU, 2004), bulk milk of 1,283 HTD 
(11.35% of total HTD) would be dismissed, exceeding 
the limit of 400,000 cells/mL.
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Correlations

Phenotypic correlations of SCS with all traits (P < 
0.001) for the entire data set are graphically presented 
in Figure 1. Negative correlations were obtained be-
tween SCS and both MY and LP, whereas positive 
correlations were obtained between SCS and each of 
FP, PP, and FPR. In terms of magnitude, the strongest 
and the weakest correlations of SCS were those with LP 
(−0.30) and PP (0.03), respectively.

In dairy cattle, several studies focused on the nega-
tive relationship between LP and SCC and recognized 
LP as a potential indicator of mastitis and udder health 
(Pyörälä, 2003; Ebrahimie et al., 2018; Costa et al., 
2019b). The correlation between SCS and LP exists at 
both the phenotypic and genetic levels in dairy cattle 
(Haile Mariam and Pryce, 2017; Costa et al., 2019a,b) 
and has also been observed in buffalo species in some 
phenotypic studies (Cerón-Muñoz et al., 2002; Tripaldi 
et al., 2010; Pasquini et al., 2018). In fact, the decrease 

in LP in animals with udder inflammation seems to be 
related to an impaired epithelial integrity of mammary 
gland alveoli (Costa et al., 2019b). In particular, when 
mastitis occurs, the permeability of alveolar epithelium 
increases, leading to a lactose loss in the bloodstream 
and urine and thus to an alteration of milk–blood 
osmotic equilibrium (Fox et al., 2015; Costa et al., 
2019b). Extra ions (e.g., Na+) migrate from blood to 
re-establish the equilibrium; this explains why mas-
titic milk is characterized by altered taste, coagulation 
characteristics, and acidity (Fox et al., 2015). In fact, 
high values of SCC are known to be associated with 
impaired milk coagulation properties (De Marchi et al., 
2013; Visentin et al., 2015; Franzoi et al., 2020), protein 
composition (Mc Dermott et al., 2016), and mineral 
content (Visentin et al., 2016).

Given the damage of mammary tissue by inflam-
mation factors and pathogens, a negative correlation 
between SCS and MY was expected and confirmed the 
effect of udder health issues on individual productivity 
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Table 1. Total number of lactations in each parity and number (n) and proportion (%) of lactations with at least 1 test-day (TD) SCC ≥200,000 
cells/mL (peak A), at least 1 TD SCC ≥300,000 cells/mL (peak B), and at least 1 TD SCC ≥400,000 cells/mL (peak C) as well as with different 
levels of average SCC (cells/mL)

Parity Total

Peak A

 

Peak B

 

Peak C

 

Lactation-average SCC (based on ≥5 TD records)

≥200,000

 

≥300,000

 

≥400,000

 

≥500,000

n % n % n % n % n % n % n %

1 39,994 26,390 65.98 20,814 52.04 16,894 42.24 11,342 28.36 6,359 15.90 3,855 9.64 2,540 6.35
2 29,880 20,651 69.11 16,591 55.53 13,608 45.54 10,217 34.19 6,044 20.23 3,804 12.73 2,639 8.83
3 21,926 15,469 70.55 12,530 57.15 10,294 46.95 8,029 36.62 4,944 22.55 3,207 14.63 2,218 10.12
4 15,657 11,238 71.78 9,133 58.33 7,659 48.92 6,084 38.86 3,821 24.40 2,557 16.33 1,806 11.53
5 10,860 7,832 72.12 6,385 58.79 5,354 49.30 4,220 38.86 2,680 24.68 1,848 17.02 1,320 12.15
6 7,386 5,254 71.13 4,293 58.12 3,629 49.13 2,884 39.05 1,860 25.18 1,262 17.09 909 12.31

Figure 1. Direction and magnitude of Pearson correlations of buffalo milk SCS with milk yield, composition traits, and fat-to-protein ratio 
(P < 0.001) in the whole data set (876,299 test-day records).



Journal of Dairy Science Vol. 103 No. 6, 2020

5489

(Gonçalves et al., 2018; Hadrich et al., 2018). Positive 
but weak associations were found between SCS and 
both FP and PP, supporting findings of Aspilcueta-
Borquis et al. (2010) in 4,907 Brazilian buffaloes. Ac-
cording to Forsbäck et al. (2010) and Malek dos Reis et 
al. (2013), total PP tends to increase during mastitis in 
cattle, likely due to a greater permeability of alveolar 
epithelium that allows transition of serum proteins and 
enzymes from blood (Forsbäck et al., 2010). However, 
the same authors found that CN percentage was lower 
in cows with mastitis than in healthy cows. This may 
further explain why mastitis is known to be detrimental 
to buffalo cheese yield (Tripaldi et al., 2003, 2010). The 
dilution effect (MY reduction) may have contributed 
to the positive correlation between SCS and PP but 
also to the one between SCS and FP. In fact, the latter 
confirmed what has been reported in previous studies 
for both cattle and buffalo (Pyörälä, 2003; Bansal et 
al., 2005; Tripaldi et al., 2010).

Considering that FPR is widely used as an indicator 
of energy balance and hyperketonemia in buffaloes, the 
positive correlation (0.10) with SCS indicated that ani-
mals at greater risk of negative energy balance may be 
more susceptible to udder issues and vice versa. Indeed, 
a positive correlation between mastitis and ketosis has 
been estimated in dairy animals (Jamrozik and Schaef-
fer, 2012; Hossein-Zadeh, 2016; Jamrozik et al., 2016; 
Costa et al., 2019a).

To evaluate the behavior of relationships at different 
levels of SCC, all correlations were separately estimated 
in 5 subsets of lactations with average SCC <200,000, 
≥200,000, ≥300,000, ≥400,000, and ≥500,000 cells/mL 
(Table 2). The correlation between SCS and MY was 
negative in the 5 subsets (Table 2), averaging −0.15 
and peaking (−0.19) in lactations with average SCC 
≥500,000 cells/mL. The correlations of SCS with FP, 
PP, and FPR were positive and showed less variation 
across subsets compared with the correlation between 
SCS and MY (Table 2). As previously discussed, nega-
tive and moderate correlations between SCS and LP 
were expected (Table 2) and ranged from −0.27 (lacta-
tions with average SCC <200,000 cells/mL) to −0.35 
(lactations with average SCC ≥500,000 cells/mL). 
This suggested a stronger dependency of SCS and LP 
in buffaloes with full-blown udder inflammation and 
supported the idea that LP, together with SCC, may 
be a useful indicator of udder health in this species.

Fixed Effects

The quota of variance explained by HTD ranged 
between 24.84% (LP) and 29.78% (FPR), overall sug-
gesting a moderate dependency on temporary environ-
mental effects. The fixed effect of class of SCS (Table 3) 
was significant for all traits at P < 0.001. For both MY 
and LP, least squares means were statistically equal 
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Table 2. Pearson correlations among SCS, milk yield (kg/d), composition traits (%), and fat-to-protein ratio in lactations presenting different 
levels of average SCC (based on ≥5 test-day records)

Average SCC  Trait
Milk 
yield Fat Protein

Fat-to-protein 
ratio Lactose

<200,000 cells/mL  SCS −0.10 0.14 0.06 0.12 −0.27
(579,290 test-day records)  Milk yield — −0.25 −0.24 −0.14 0.20
  Fat — — 0.41 0.88 −0.37
  Protein — — — −0.06 −0.45
  Fat-to-protein ratio — — — — −0.18
≥200,000 cells/mL  SCS −0.15 0.10 0.04 0.09 −0.32
(297,009 test-day records)  Milk yield — −0.30 −0.29 −0.18 0.30
  Fat — — 0.39 0.90 −0.33
  Protein — — — −0.03 −0.33
  Fat-to-protein ratio — — — — −0.22
≥300,000 cells/mL  SCS −0.17 0.11 0.042 0.10 −0.33
(177,625 test-day records)  Milk yield — −0.31 −0.30 −0.19 0.32
  Fat — — 0.39 0.91 −0.34
  Protein — — — −0.03 −0.33
  Fat-to-protein ratio — — — — −0.22
≥400,000 cells/mL  SCS −0.18 0.11 0.04 0.10 −0.34
(113,731 test-day records)  Milk yield — −0.31 −0.30 −0.20 0.34
  Fat — — 0.38 0.91 −0.34
  Protein — — — −0.03 −0.32
  Fat-to-protein ratio — — — — −0.23
≥500,000 cells/mL  SCS −0.19 0.11 0.05 0.10 −0.35
(78,269 test-day records)  Milk yield — −0.32 −0.31 −0.21 0.35
  Fat — — 0.38 0.91 −0.34
  Protein — — — −0.03 −0.32
  Fat-to-protein ratio — — — — −0.23
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in the first 3 classes, whereas the FP of class 3 was 
different from the FP of classes 1 and 2. On the other 
hand, least squares means of both PP and FPR were 
statistically equal across the 6 classes.

The effect of interaction between class of SCS and 
parity was significant (P < 0.05) for all traits (Table 
4). Regarding MY, the maximum value was observed 

in third parity in all classes of SCS with a gradual 
decrease afterward. Both MY and LP increased from 
class 1 to class 2, with progressive reduction until class 
6 (Table 4) in all parities. On the contrary, FP and PP 
increased from class 2 to class 6 and FPR increased 
with class of SCS. In general, these findings suggested 
that TD of class 1 (very low SCS) were not charac-
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Table 3. Least squares means1 and proportion of variance explained by herd-test-date (HTD) of milk yield 
and quality traits for each class of SCS

Trait

SCS class2

HTD, 
%1 2 3 4 5 6

Milk yield, kg/d 8.26a 8.37a 8.29a 8.00ab 7.68bc 7.38c 25.42
Fat, % 7.79a 7.74a 8.05b 8.24bc 8.29bc 8.34c 27.46
Protein, % 4.70a 4.66a 4.72a 4.76a 4.76a 4.76a 27.60
Fat-to-protein ratio 1.66a 1.66a 1.71a 1.73a 1.74a 1.75a 29.78
Lactose, % 4.90a 4.90a 4.80a 4.69b 4.61bc 4.51c 24.84
a–cWithin a row, means with different superscripts differ significantly (P < 0.05).
1Standard errors were in the range of 0.016 to 0.021 for milk yield, 0.009 to 0.012 for fat percentage, 0.002 to 
0.003 for protein percentage, 0.002 to 0.002 for fat-to-protein ratio, and 0.002 to 0.002 for lactose percentage.
2Class 1: SCS ≤ (μ − 1.5 × σ). Class 2: (μ − 1.5 × σ) < SCS ≤ (μ − 1 × σ). Class 3: (μ − 1 × σ) < SCS ≤ 
μ. Class 4: μ < SCS ≤ (μ + 1 × σ). Class 5: (μ + 1 × σ) < SCS ≤ (μ + 1.5 × σ). Class 6: SCS > (μ + 1.5 
× σ). μ = mean; σ = standard deviation.

Table 4. Least squares means (SE in parentheses) of buffalo milk yield, composition traits, and fat-to-protein ratio for the fixed effect of 
interaction between parity and SCS class

Parity  Trait

SCS class1

1 2 3 4 5 6

1  Milk yield, kg/d 7.59 (0.02) 7.70 (0.02) 7.61 (0.02) 7.42 (0.02) 7.18 (0.02) 6.98 (0.02)
  Fat, % 7.83 (0.01) 7.80 (0.01) 8.13 (0.01) 8.32 (0.01) 8.38 (0.01) 8.45 (0.01)
  Protein, % 4.73 (0.01) 4.69 (0.01) 4.75 (0.01) 4.79 (0.01) 4.80 (0.01) 4.80 (0.01)
  Fat-to-protein ratio 1.65 (0.01) 1.66 (0.01) 1.71 (0.01) 1.74 (0.01) 1.75 (0.01) 1.76 (0.01)
  Lactose, % 4.91 (0.01) 4.91 (0.01) 4.82 (0.01) 4.72 (0.01) 4.65 (0.01) 4.57 (0.01)
2  Milk yield, kg/d 8.51 (0.03) 8.66 (0.02) 8.55 (0.02) 8.26 (0.02) 7.97 (0.02) 7.61 (0.02)
  Fat, % 7.89 (0.02) 7.80 (0.01) 8.12 (0.01) 8.32 (0.01) 8.37 (0.01) 8.45 (0.01)
  Protein, % 4.73 (0.01) 4.67 (0.01) 4.73 (0.01) 4.78 (0.01) 4.78 (0.01) 4.79 (0.01)
  Fat-to-protein ratio 1.67 (0.01) 1.67 (0.01) 1.72 (0.01) 1.74 (0.01) 1.75 (0.01) 1.77 (0.01)
  Lactose, % 4.89 (0.01) 4.90 (0.01) 4.80 (0.01) 4.69 (0.01) 4.62 (0.01) 4.52 (0.01)
3  Milk yield, kg/d 8.58 (0.03) 8.71 (0.02) 8.64 (0.02) 8.29 (0.02) 7.93 (0.02) 7.65 (0.02)
  Fat, % 7.84 (0.02) 7.75 (0.01) 8.09 (0.01) 8.28 (0.01) 8.33 (0.01) 8.40 (0.01)
  Protein, % 4.71 (0.01) 4.66 (0.01) 4.72 (0.01) 4.76 (0.01) 4.77 (0.01) 4.77 (0.01)
  Fat-to-protein ratio 1.66 (0.01) 1.66 (0.01) 1.71 (0.01) 1.74 (0.01) 1.75 (0.01) 1.76 (0.01)
  Lactose, % 4.89 (0.01) 4.90 (0.01) 4.80 (0.01) 4.68 (0.01) 4.60 (0.01) 4.50 (0.01)
4  Milk yield, kg/d 8.45 (0.03) 8.58 (0.03) 8.53 (0.02) 8.22 (0.02) 7.88 (0.03) 7.56 (0.03)
  Fat, % 7.79 (0.02) 7.72 (0.02) 8.03 (0.01) 8.22 (0.01) 8.29 (0.01) 8.31 (0.01)
  Protein, % 4.69 (0.01) 4.64 (0.01) 4.71 (0.01) 4.75 (0.01) 4.76 (0.01) 4.76 (0.01)
  Fat-to-protein ratio 1.66 (0.01) 1.66 (0.01) 1.71 (0.01) 1.73 (0.01) 1.74 (0.01) 1.75 (0.01)
  Lactose, % 4.90 (0.01) 4.90 (0.01) 4.79 (0.01) 4.68 (0.01) 4.59 (0.01) 4.49 (0.01)
5  Milk yield, kg/d 8.27 (0.04) 8.44 (0.03) 8.32 (0.02) 8.03 (0.02) 7.69 (0.03) 7.32 (0.03)
  Fat, % 7.73 (0.02) 7.70 (0.02) 7.98 (0.01) 8.17 (0.01) 8.20 (0.02) 8.25 (0.02)
  Protein, % 4.68 (0.01) 4.64 (0.01) 4.69 (0.01) 4.73 (0.01) 4.74 (0.01) 4.74 (0.01)
  Fat-to-protein ratio 1.65 (0.01) 1.66 (0.01) 1.70 (0.01) 1.73 (0.01) 1.73 (0.01) 1.74 (0.01)
  Lactose, % 4.90 (0.01) 4.90 (0.01) 4.80 (0.01) 4.68 (0.01) 4.59 (0.01) 4.49 (0.01)
6  Milk yield, kg/d 8.13 (0.05) 8.15 (0.04) 8.10 (0.03) 7.79 (0.03) 7.43 (0.04) 7.14 (0.04)
  Fat, % 7.69 (0.03) 7.65 (0.02) 7.97 (0.01) 8.13 (0.01) 8.18 (0.02) 8.20 (0.02)
  Protein, % 4.68 (0.01) 4.64 (0.01) 4.69 (0.01) 4.73 (0.01) 4.73 (0.01) 4.73 (0.01)
  Fat-to-protein ratio 1.64 (0.01) 1.65 (0.01) 1.70 (0.01) 1.72 (0.01) 1.73 (0.01) 1.74 (0.01)
  Lactose, % 4.90 (0.01) 4.89 (0.01) 4.79 (0.01) 4.67 (0.01) 4.58 (0.01) 4.48 (0.01)
1Class 1: SCS ≤ (μ − 1.5 × σ). Class 2: (μ − 1.5 × σ) < SCS ≤ (μ − 1 × σ). Class 3: (μ − 1 × σ) < SCS ≤ μ. Class 4: μ < SCS ≤ (μ + 1 × 
σ). Class 5: (μ + 1 × σ) < SCS ≤ (μ + 1.5 × σ). Class 6: SCS > (μ + 1.5 × σ). μ = mean; σ = standard deviation.
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terized by the greatest MY. In fact, as reported for 
bovines (Franzoi et al., 2020), extremely low values of 
SCC may not reflect the real physiological status and 
could be potential alerts for udder issues.

The effect of the interaction between class of SCS and 
stage of lactation was highly significant (P < 0.001) 
for all traits and is graphically depicted in Figure 2. 
Although the shapes of lactation curves in different 
classes of SCS were similar within trait, they presented 
different intercepts. In fact, in all classes of SCS, lacta-
tion curves of LP and MY exhibited a peak in early 

lactation and a subsequent decrease. On the contrary, 
both FP and PP were at maximum at the end of lacta-
tion, as effected by milk dilution. In all classes of SCS, 
FPR increased in early lactation and then stabilized 
around mid lactation. These outcomes suggested that 
the evolution of the traits (i.e., MY and composition 
traits) during the lactation was scarcely influenced by 
level of SCS per se.

The effect of interaction between class of SCS and 
month of calving (Figure 3) was significant for all traits 
at P < 0.001. In buffalo, the month of calving is a 

Costa et al.: MILK SOMATIC CELL COUNT IN ITALIAN BUFFALO

Figure 2. Parity-specific lactation curves (LSM) of buffalo milk yield, composition traits, and fat-to-protein ratio for the 6 classes of SCS. 
Class 1: SCS ≤ (μ − 1.5 × σ). Class 2: (μ − 1.5 × σ) < SCS ≤ (μ − 1 × σ). Class 3: (μ − 1 × σ) < SCS ≤ μ. Class 4: μ < SCS ≤ (μ + 1 × 
σ). Class 5: (μ + 1 × σ) < SCS ≤ (μ + 1.5 × σ). Class 6: SCS > (μ + 1.5 × σ). μ = mean; σ = standard deviation.
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relevant factor for both productive and reproductive 
performances; in fact, this species is considered a short-
day breeder and is very sensitive to daily number of 
hours of light. Therefore, buffaloes increase reproduc-
tive activity when daylight hours decrease (Campanile 
et al., 2010). In temperate regions (above the equator), 
the natural reproductive season takes place in winter 
and early spring, with calvings concentrated in late 
summer and autumn. However, considering that the 
peak of the milk market requirement for MBC cheese 
manufacture is in the spring and summer periods, out-

of-breeding-season mating techniques (i.e., interruption 
of sexual activity or use of specific AI plans) are usually 
adopted to match production with demand (Campanile 
et al., 2009). In this study, including month of calving 
in the model allowed the comparison of performances 
of animals that calved in different months of the year 
according to SCS level. Independently from the class of 
SCS, MY was greater in buffaloes that calved during 
the cold season (from November to April) than in those 
that calved in warmer months (Figure 3). Regarding 
FP, FPR, and LP, there was very small variation within 

Costa et al.: MILK SOMATIC CELL COUNT IN ITALIAN BUFFALO

Figure 3. Least squares means of buffalo milk yield, composition traits, and fat-to-protein ratio for the interaction between fixed effects of 
class of SCS and month of calving. Class 1: SCS ≤ (μ − 1.5 × σ). Class 2: (μ − 1.5 × σ) < SCS ≤ (μ − 1 × σ). Class 3: (μ − 1 × σ) < SCS 
≤ μ. Class 4: μ < SCS ≤ (μ + 1 × σ). Class 5: (μ + 1 × σ) < SCS ≤ (μ + 1.5 × σ). Class 6: SCS > (μ + 1.5 × σ). μ = mean; σ = standard 
deviation.
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the 6 classes of SCS across months of calving. On the 
other hand, PP was more variable, in particular in 
classes 1 and 2. Slightly greater PP were observed in 
buffaloes that calved in late spring and early summer 
compared with buffaloes that calved in the rest of the 
year (Figure 3).

CONCLUSIONS

Milk SCC can be used to monitor both farm hygiene 
and udder health in buffaloes. In the near future, 
Italian milk payment systems may be updated to in-
clude penalties for high SCC. To estimate the effect 
of different levels of SCS on MY and quality, 876,299 
individual milk TD of buffaloes reared in the area of 
MBC PDO cheese were analyzed. Within first parity, 
more than 28 and 15% of lactations were character-
ized by average SCC ≥200,000 and ≥300,000 cells/mL, 
respectively. Furthermore, almost 10% of buffaloes in 
first parity had average SCC ≥400,000 cells/mL. The 
proportion of lactations with average SCC ≥500,000 
cells/mL doubled from first (6%) to sixth parity (12%). 
We demonstrated that SCS is negatively correlated 
with MY, particularly in animals with high SCS; that 
is, the correlation moved from −0.10 (buffaloes with 
lactation-average SCC <200,000 cells/mL) to −0.19 
(buffaloes with lactation-average SCC ≥500,000 cells/
mL). According to the ANOVA, lower MY and LP 
were estimated in progressively higher classes of SCS, 
whereas FP and PP were not unfavorably affected by 
SCS. Therefore, milk SCC may be monitored to reduce 
the prevalence of mastitis in Italian buffaloes, make 
appropriate managerial choices, and improve farm ef-
ficiency and profitability. In addition, this study should 
be useful to breeders’ organizations when designing se-
lection indices for mastitis resistance and udder health. 
From a practical point of view, these findings might be 
seen as a first step to stimulate future projects aimed 
at increasing buffalo farmers’ sensitivity to SCC and 
understanding its effect on milk coagulation traits and 
cheese yield as well as on other novel milk traits.
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