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Buffalo milk represents an indispensable source of nourishment in many
parts of the world and it is the second most consumed milk worldwide.
Buffalo milk is actually used for the production of many dairy products such
as pasteurized or concentrated milk, butter, yogurt, ice-cream, dehydrated
milk products, and cheeses. Due to its high nutritional value and the
presence of natural bioactive substances, buffalo milk can also provide
health benefits to consumers. In Italy, buffalo milk is used only for cheese
making, mainly mozzarella PDO (Protected Designation of Origin), which is
a highly valued dairy product. This three-year study, carried out between
Abstract: | 2011 and 2013, was aimed at evaluating the quality of bulk Italian
Mediterranean buffalo milk by monitoring physico-chemical parameters,
somatic cell and total bacterial counts. A total of 51 samples of bulk milk
were collected from one herd throughout the monitored period. Analysis of
variance, carried out to test month, season, and year main effects,
highlighted remarkable seasonal effects for fat, protein, and lactose
content, as well as for predicted Mozzarella cheese yield, and somatic cell
counts. The calculation of simple correlations allowed the identification of
positive correlations between estimated cheese yield and fat and protein
content.
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ABSTRACT

Buffalo milk represents an indispensable source of nourishment in many parts of the world and it is the
second most consumed milk worldwide. Buffalo milk is actually used for the production of many dairy
products such as pasteurized or concentrated milk, butter, yogurt, ice-cream, dehydrated milk products,
and cheeses. Due to its high nutritional value and the presence of natural bioactive substances, buffalo
milk can also provide health benefits to consumers. In Italy, buffalo milk is used only for cheese making,
mainly mozzarella PDO (Protected Designation of Origin), which is a highly valued dairy product. This
three-year study, carried out between 2011 and 2013, was aimed at evaluating the quality of bulk Italian
Mediterranean buffalo milk by monitoring physico-chemical parameters, somatic cell and total bacterial
counts. A total of 51 samples of bulk milk were collected from one herd throughout the monitored period.
Analysis of variance, carried out to test month, season, and year main effects, highlighted remarkable
seasonal effects for fat, protein, and lactose content, as well as for predicted Mozzarella cheese yield, and
somatic cell counts. The calculation of simple correlations allowed the identification of positive

correlations between estimated cheese yield and fat and protein content.

Key words: buffalo milk quality, chemical characterization, somatic cell counts, total bacterial counts.
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INTRODUCTION

Buffalo (Bubalus bubalis) milk represents an indispensable source of nourishment in many parts of the
world. India and Pakistan produce more than 91% of buffalo milk, which is the second most consumed
milk worldwide. As recently reviewed by Cazacu et al. (2014), the buffalo milk market is still considered
an emerging sector. Actually, the dairy industry produces many products based on the use of buffalo
milk; among these are pasteurized or concentrated milk, butter, heat-desiccated dairy products, heat-acid
coagulated dairy products, yogurt, ice-cream, dehydrated milk products, and cheeses (Cazacu et al. 2014).
Due to the high nutritional value of buffalo milk, the demand for such products is increasing; however,
there is still a shortage of scientific literature on buffalo milk's physico-chemical and hygienic parameters
(Zotos & Bampidis 2014).

In Europe, the countries that produce the largest quantities of buffalo milk are Italy, Turkey, Bulgaria, and
Greece (FAOSTAT 2014). In accordance with a recent report from the European Food Safety Authority
(EFSA), Italy is the largest producer (88%) of buffalo milk in the EU (EFSA BIOHAZ Panel 2015); in
the period 1990-2012, the Italian production of buffalo milk increased from 43,000 to 192,455 t, allowing
in 2012 the production (FAOSTAT 2014) of 51,910 and 37,122 t of mozzarella and mozzarella PDO
(Protected Designation of Origin), respectively (INEA 2012; 2013). The rearing of buffalo in Italy
constitutes an important reality, not only regarding the number of animals bred but also for the popularity
of Italian bubaline dairy products. Buffaloes reared in Italy stand out in the world for their genetics, the
applied technologies, the monitoring of pathologies, and the hygiene and quality of the end products
(Borghese 2005). In Italy, buffalo milk is used only for cheese making, mainly mozzarella PDO, which is
a highly valued product especially in the USA, Germany, France, UK, and Japan (Borghese 2005).
Buffalo milk is usually characterized by a rich composition with high content of fat, which constitutes the

main fraction, moreover, it is a good source of vitamins A, D, C, and B6; minerals such as Ca and P; and

conjugated linoleic acid (Ahmad 2013; Khedkar et al. 2016; Simoes et al. 2014; Zotos & Bampidis 2014).

The presence of trace elements such as boron, cobalt, copper, iron, manganese, sulfur, and zinc has also
been ascertained (Ahmad 2013).

The consumption of buffalo milk can provide benefits to people who suffer from hypertension, dental
decay, dehydration, respiratory problems, obesity, osteoporosis, and some forms of cancer (Ahmad 2013).
Furthermore, a recent study carried out by Kapila ef al. (2013) highlighted that buffalo milk proteins (j3-
lactoglobulin and casein) are less allergenic than cow milk proteins, which can significantly increase

protein-specific IgE sensitization and lymphocyte proliferation index causing allergies in consumers.
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Many parameters can be used to assess the quality of milk, among these are compositional, physical-
chemical, hygienic, and sanitary characteristics. The main traits that are usually considered as milk
quality parameters are defined as proteins, fats, lactose, and solids-not-fat content. All of these parameters,
which can affect the quality of the end products, can vary depending on several factors, including genetic,
age, parity, lactation stage, season, feeding, and geographical area of rearing (Glirler et al. 2013).
Moreover, microbiological contamination and the presence of somatic cells can worsen the quality of
milk.

The aim of this study was to evaluate the quality of bulk Italian Mediterranean buffalo milk through
monitoring physico-chemical parameters, somatic cell counts and total bacterial counts over a three-year
period (2011-2013) in one farm. The effects of month, season, and year on the monitored variables were

also evaluated through statistical analyses.

MATERIALS AND METHODS

Description of the Farm

The monitoring of bulk buffalo milk characteristics was performed on a farm located in the Marche
region (central Italy) over a three-year period (2011-2013). The farm, in the year 2012 produced 184.8 t
of buffalo milk over a total national production of 192,455.3 t; whereas in 2013 the production increased,
reaching 422.7 t of buffalo milk over a national production of 194,892.8 t (Istat, 2014; 2015). The animals
were housed in free stalls with a concrete paddock and a permanent straw bedding area; the paddocks
were equipped with a sprinkler system and fans. The herd was organized in two feeding groups: milking
and dry buffalo cows. During the monitored period, all milking buffalo cows were fed a total mixed ratio
consisting of: corn silage (10.0 kg/head/day), first cut hay (5.0 kg/head/day), alfa-alfa hay (3.5
kg/head/day), maize flour (3.0 kg/head/day), soybean meal (1.0 kg/head/day), cottonseed (1.0
kg/head/day), and mineral-vitamin pre-mix (0.25 kg/head/day).

The milking area was arranged as a double-9 herringbone-milking parlor where buffaloes were placed in
two rows back to back. The herd size of the milking buffalo cows, the average age of lactating animals,
and their average days in milking are reported in Table 1. Buffalo cows were milked twice a day
(morning and afternoon) and the milk daily stored in a refrigerated tank (+4°C). The milk was delivered

within the same day to the dairy plant for cheese making.

Sampling
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The milk subjected to analyses was obtained by pooling afternoon and morning milkings, stored at +4°C.
Before sampling the raw bulk whole milk was mixed in the farm’s tank to ensure homogeneity and then
five aliquots of 100 mL were manually collected and pooled into a sterilized baker. Approximately 40 mL
of bulk buffalo milk was collected from the pooled milk using sterile conical tubes (BD Falcon, Franklin
Lakes, NJ, USA). The samples were transferred to the laboratory under refrigerated conditions (+4°C)
and subjected to analyses during the same day.

A total of 51 samples of bulk milk were collected throughout the monitored period (Table 1).

Physico-chemical, Microbiological Analyses and Somatic Cell Counts

All of the analyses were carried out in the same accredited laboratory (ACCREDIA, accreditation No.
1239).

Milk constituents (fat %, protein %, anhydrous lactose %, expressed as w/w) of bulk buffalo milk samples
were quantified via Fourier Transform Infrared (FTIR) spectroscopy using a CombiFoss FT+ composed
by Milkoscan FT Plus — 300 and Fossomatic FC (Foss Electric, Hillered, DK).

Somatic cell counts (SCC) were determined in accordance with the ISO 13366:2008 standard by flow
cytometry, using a high-capacity somatic cell counter CombiFoss FT+ (Foss Electric). Before analysis,
each sample was heated to 40-42°C and subjected to counting within 15 minutes. The results were
expressed as number of cells mL™.

Total bacterial counts (TBC) were determined using a fluorimeter (BactoScan FC, Foss Electric) in
accordance with Regulation (EC) No 1664/2006, which allows the use of alternative methods for counts
at 30 °C when these methods are validated according to the reference horizontal method for the
enumeration of microorganisms ISO 4833-1:2013 and the protocol set by the ISO 16140 standards. The
results were expressed as colony forming units (cfu) mL™.

The cheese yield formula for estimating the production of mozzarella cheese (kg) was calculated in
accordance with the formula proposed by Altiero et al. (1989) as follows: 3.50 (protein %) + 1.23 (fat %)
— 0.88. This formula corresponds to a multiple regression equation that attributes 93% of yield variability
to fat and protein content as expressly calculated by Altiero et al. (1989) for buffalo mozzarella cheese
production. Estimated cheese yields were expressed as kg of mozzarella produced per 100 kg of

processed milk (kg 100 kg™).

Statistical Analyses
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Before statistical analysis, the values of SCC and TBC were first log-transformed. Descriptive statistics,
calculated on the whole data set (51 samples), were carried out on fat, protein, lactose, solids-not-fat,
cheese yield formula, SCC, and TBC, computing means + standard deviation. The values recorded for all
of the variables were checked for conformance to a normal distribution and then processed by analysis of
variance (ANOVA) carried out using JMP statistical software version 11.0.0 (SAS Institute Inc., Cary,
NC, USA). The following main effects were tested: month, season, and year.

The one way ANOVA model was yij = p + ai + €§j, where p is the overall mean, ai is the effect of the ith
level of factor (i = January,..., December; i = winter, spring, summer, autumn; i = 2011, 2012, 2013), and
€ij is the random error.

Simple correlation among variables was evaluated by the Pearson product-moment correlation coefficient
().

Cluster analysis of bulk milk parameters was carried out using the Wards’ minimum variance method.

RESULTS AND DISCUSSION

The monitoring of bulk buffalo milk composition can reflect the combined effect of environment and
genetics on the final quality of milk. It is known that the composition of buffalo milk can be influenced
by breed, age, parity, stage of lactation, seasonality, feeding, udder disorders such as mastitis, and genetic
polymorphism of milk proteins (Abd El-Salam & El-Shibini 2011). The above-mentioned parameters can
affect the composition of milk and, in turn, the quality and process yield of dairy products (Glirler et al.
2013).

Descriptive statistics for quality parameters of bulk buffaloes’ milk analyzed between 2011 and 2013 are
shown in Table 2. The results of ANOVA are shown in Table 3. Multiple comparisons among Least
Square Means (LSM) using the Tukey HSD test for quality parameters of bulk buffaloes’ milk according
to month, season, and year are shown in Table 4.

Regarding fat content, the average fat value reported in the present study (7.13%) was slightly lower than
that reported by Zotos & Bampidis (2014) in Greek buffaloes' milk. The monitored fat values were also
lower than those reported by Rosati & Van Vleck (2002) for individual milk samples produced by
buffaloes reared mainly in the South of Italy (average value 8.59+0.85%); additionally, Di Francia et al.
(2007a) found higher fat content in milk produced by Italian buffaloes fed a ration containing extruded
peas or soybean cake as concentrate components (7.84 and 7.56%, respectively). Finally, the fat values

we observed in the present study were slightly higher than the values reported by Cunha Neto et al.
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(2005) for Brazilian buffalo milk used for the production of yogurt and by Enb et al. (2009) for milk
produced by Egyptian buffaloes and used for cheese manufacturing. Moreover, we observed a progressive
lowering of measured values during the warmer months with respect to the coldest ones. The highest
mean value of fat (8.54+0.27%) was observed during January, whereas the lowest mean contents were
detected during May, June, and July (6.50+£0.27%, 6.27+£0.24%, and 6.54+0.24%, respectively) without
significant differences among these three months. The data trend reported in the present study for fat
content is also in agreement with data reported by other authors in Greek and Italian buffaloes that
describe peaks of fat content during December, January, and February (Ahmad et al. 2008; Bartocci et al.
2002; Zotos & Bampidis 2014).

The ANOVA according to year did not show any significant differences, while as expected, according to
season, winter and autumn showed the highest mean levels of fat (7.81+£0.20% and 7.76+0.16%,
respectively). Han et al. (2012) found a similar fat content trend in buffalo milk samples collected in the
United States; in more detail, the level of fat was the highest in January (7.63%), then a drop to a
minimum was observed in July (6.57%), and a further increase was recorded in November (7.97%).
Regarding the seasonal effect, the highest fat values were observed during winter and autumn; these
results almost overlap the seasonal trend reported by Giirler et al. (2013) for Anatolian buffaloes milk.
Interestingly, this latter breed, represents a sub-group of Mediterranean buffaloes as well as Italian
Mediterranean ones, and this could explain similar trends in milk compositional parameters.

Moreover, Simoes et al. (2014) observed that the fat content of Brazilian buffalo milk was lower during
warm and humid seasons (rainy season) with a value of 5.53% (w/w) and higher during cold seasons (dry
season), reaching a value of 6.74% (w/w). This difference in fat content may be due to greater energy loss
by buffaloes for the maintenance of their homeostasis during the warm and humid season associated with
their modest physiological sweating due to their low number of sweat glands. It is worth noting that
lactation stage, season, and animal diet can also strongly influence lipid synthesis, which in turn can
affect the quality of milk and dairy products (Ménard et al. 2010; Yadav et al. 2015).

The physiology of lactation coordinates the production of milk and determines its final composition.
However, this mechanism still represents a challenge for the current research. The stage of lactation
influences the composition of the milk and the amount and quality of fat. Furthermore, the environmental
temperature can also exert an effect on the profile of the fatty acids that compose the fat molecules.
Buffalo milk presents the highest fat content with respect to other dairy animals, although the factors that

influence its concentration in milk are still under study (Yadav et al. 2015; Zotos & Bampidis 2014).
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Given the high importance of fat in milk's composition, new methods to maximize its content are still
under study. To this aim, Shelke et al. (2012) showed that buffaloes fed with rumen-protected fat (Ca
salts of palm fatty acids) have benefited from greater caloric intake during lactation, leading to a higher
yield of cheese and to an increase of unsaturated fatty acids in the fat.

As for protein content, the ANOVA according to month and year did not show significant differences,
whereas a seasonal effect was discovered. In more detail, we measured the highest mean values
(4.48+£0.05% and 4.50+0.05%, respectively) during autumn and winter, while we observed the lowest
mean value (4.27+0.05%) in samples collected during spring, findings similar to those reported for
Anatolian bubaline milk (Giirler ef al. 2013). As reported by Giirler et al. (2013), milk protein, as well as
fat, may be inversely related with environment temperature; moreover different level of protein and fat
may be ascribed to the lactation period of the majority of milking buffalo cows.

The mean values of protein content detected in the present one-farm study were lower than those reported
by Bonfatti et al. (2013a) for Mediterranean buffaloes reared in the Campania region (Italy), which tested
at approximately 6%.

It is worth noting that Bonfatti e al. (2013b) have recently highlighted that the relative amount of the
aS1-casein fraction in buffalo milk can heavily affect its behavior during cheese making, although to
clarify the effects of buffalo whey and casein fractions on cheese yield further studies are still needed.
Regarding lactose, no significant differences were discovered among months. We observed a progressive
lowering of lactose mean value among the years. The mean value dropped from 4.954+0.07% in 2011 to
4.69+0.07% in 2013. We suppose that the decrease of lactose content can be related to the variation of
somatic cell counts which reached the highest mean value, although not statistically significant, in 2013
when lactose was at minimum. It is worth noting that the increase in SCC lead to a rise of enzymatic
activities in mammary tissue, thus reducing lactose synthetic activity (Sharif et al. 2007).

As for season, we recorded the highest mean value (4.91+0.06%) during summer, whereas we detected
the lowest mean value of lactose content during winter (4.59+0.07%). Large differences in lactose mean
values are often reported for milks from different parts of the world, although some of these differences
could be due to different method of expression (as monohydrate or anhydrous lactose). The recorded
values of lactose showed very low variation similar to the monthly variation reported by Han et al. (2012)
for buffalo species (4.49-4.73%), in a commercial water buffalo dairy farm. Lactose content in buffalo
milk and dairy products can be a quality indicator used as a marker of mammary inflammation because its

low levels can be the expression of reduced synthetic activity of secretory cells in mammary gland tissue,
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thus suggesting mastitis in progress (Sharif et al. 2007). Indeed, Tripaldi et al. (2010) found that lactose
content decreased in animals affected by mastitis, this being negatively correlated with somatic cells and
contaminating bacteria. Hence, though still controversial, a threshold value of 4.7% lactose as a marker of
mammary inflammation has been proposed by different researchers (Tripaldi et al. 2010).

Solids not-fat (SNF) of milk consists of protein, lactose and mineral matter content. The SNF residue,
after the complete evaporation of water, is a fundamental quality parameter of raw milk that provides
useful information about the overall suitability of milk for cheese-making (Bassbasi et al. 2014).
Regarding SNF content, the ANOVA according to season and year did not show any significant
differences. However, according to month, we measured the lowest and the highest mean SNF values
during February (9.51£0.07%) and September (10.12+0.11%), respectively. The average values of SNF
content measured in the present study were slightly lower than those reported by Hussain et al. (2012)
and Zicarelli et al. (2007) in the same matrix, which were 10.40% and 10.61-10.43%, respectively. A
lower mean value of SNF was reported by Giirler et al. (2013) for milk produced by Anatolian buffaloes
and by Simoes et al. (2014) for bubaline milk collected during the dry season and used for production of
Maraj6 cheeses typical of the homonymous Brazilian island.

Cheese yield represents a parameter with heavy economic repercussions. The theoretical value of cheese
yield is conditioned by many factors such as the fat and casein content of the milk used, the production
technology, and moisture and salt content (Melilli et al. 2002). Regarding Mozzarella yield prediction, as
estimated with the formula proposed by Altiero et al. (1989), no significant differences were discovered
according to year, whereas according to month, we recorded the highest and the lowest mean values
during January (25.84+0.57 kg 100 kg™") and June (21.80+0.51 kg 100 kg™), respectively. Cheese yield
being strictly correlated with both fat and protein content, the trend of the cheese yield formula was
almost overlapping with that observed for the two parameters. Moreover, we discovered a seasonal effect

with the lowest average values of theoretical cheese production recorded in spring and summer; this

finding can be due to the lowest levels of both proteins and fats in milk recorded during these two seasons.

Among the few scientific papers that address the estimation of Mozzarella cheese production according to
the formula proposed by Altiero et al. (1989), Masucci et al. (2008) reported higher values of estimated
Mozzarella production than that observed in the present study. The values observed by Masucci et al.
(2008) of 27.2 and 28.0 kg 100 kg were likely due to the superior characteristics of organic buffalo milk,

which resulted particularly high in fat and proteins. Our findings for theoretic cheese yield were also
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lower than those published by Zicarelli et al. (2007) who reported an estimation of Mozzarella production
of approximately 25 kg per 100 kg of processed buffalo milk.

While the international literature has mainly provided data on the chemical composition of buffalo milk,
few investigations concerning the trends of the main sanitary (Somatic Cell Count, SCC) and hygienic
(Total Bacterial Counts, TBC) buffalo milk parameters have been carried out to date.

Regarding SCC, we did not discover significant differences among years. We recorded mean SCC values
ranging between 152.84+25.22 and 199.73+£23.43 x 1,000 cell mL"! among the three years; these counts,
were always lower than the average value (314,000 cell mL™) reported by Tripaldi et al. (2010) for
individual buffalo milk samples collected in the Latium region (Italy). Significant differences were
discovered among seasons; in more detail, we recorded the highest mean SCC value in the winter period
(269.44+34.54 x 1,000 cell mL"), whereas we observed the lowest mean value in samples collected
during summer (147.00+£27.69 x 1,000 cell mL™"). Regarding SCC trends across months, we observed the
highest mean value during January (299.00£47.34 x 1,000 cell mL") and the lowest one during May
(87.25+47.34 x 1,000 cell mL™).

Actually, Regulation (EC) No 853/2004 of the European Parliament and of the Council of 29 April 2004,
laying down specific hygiene rules for food of animal origin, set only a threshold SCC value for bovine
raw milk. The threshold SCC value for bovine raw milk is set at 400,000 cells mL™", while no limits are to
date provided for buffalo raw milk, even though this parameter represents the most reliable indicator of
inflammatory status of mammalian udders, which may also cause a reduction in protein (casein) content
of milk. Somatic cell counts could be used as a quality parameter because, in buffalo milk, they increase
with days in lactation and show the highest values in milk from buffaloes with mastitis (Moroni et al.
2006).

The bulk buffalo milk samples under study showed the highest levels of SCC in winter, whereas the
lowest values were recorded during summer. These findings are in agreement with SCC observed by
Simoes et al. (2014) for Brazilian milk, which was assessed at 290,000 and 240,000 cells mL™" during the
rainy and dry seasons, respectively. The annual trend of microbiological buffalo milk contamination, as
monitored in the present study, revealed SCC levels always lower than the limit of 200,000 cell mL™ that
in cows is usually considered a cut-off point for mastitis diagnosis (Tripaldi et al. 2010). As reported by
Smith (2002), SCC measurement, which includes polymorphonuclear leukocytes (PMN), macrophages,
and lymphocytes, is commonly used to evaluate the health of mammary glands. Furthermore, Kelly ef al.

(2000) highlighted that the increase of SCC during milk secretion usually reflects an increase in PMN

Japanese Society of Animal Science 10
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whose function is the ingestion and destruction of invading microorganisms as well as secretion of
inflammatory regulators. High SCC in milk can exert adverse effects during cheese making, with a direct
negative impact on curd firmness, cheese yield, and sensory characteristics; moreover, the presence of
somatic cells can enhance the quantity of fat loss in whey (More ef al. 2013). Furthermore, as reported by
Pasquini et al. (2003), the lower the number of somatic cells in buffalo milk is, the higher is the quantity
of casein and whey proteins in cheese. Therefore, further investigations on the somatic cell populations in
milk should be carried out to better explain the relationships among them and buffalo milk’s aptness for
cheese manufacturing.

Finally, as for TBC, multiple comparisons among least square means (LSM) showed no significant
differences for the monitored bulk bubaline milk according to month, season, or year.

TBC are commonly used as indicators to evaluate the hygiene of the entire production process. The limit
values for TBC at 30°C established by Regulation (EC) No 853/2004 are: 100,000 cfu mL™" for raw cows’
milk; 1,500,000 cfu mL™ for raw milk from other species; in addition, 500,000 cfu mL"! limit for raw milk
from species other than cows used for manufacturing cheese products without heat treatments is also
provided.

TCB counts for the three-year period showed very low levels of raw milk environmental contaminating
microorganisms ranging from 6.46 to 23.41 x 10" cfu mL™. The TBC levels also showed low variability
through months, ranging from 3.66 x 10" in June to 9.85 x 10" cfu mL" in March. Interestingly, the low
microbiological contamination found during the summer months (17.66 x 10" cfu mL™) could reflect
good hygiene practices performed during milking and handling of the raw milk, especially in summer
when warm temperatures could easily increase milk’s microorganism content. Although the TBC values
reported in this study are lower than those reported by other authors (Giirler et al. 2013; Simoes et al.
2014; Tripaldi et al. 2010), it is worth noting that sufficiently high TBC could represent a risk for the
consumer because, pathogens can constitute a fraction of this hygiene indicator (Brown et al. 2000).
Hence the monitoring of TBC can provide a record of hygiene performance over time.

Important correlations among variables were identified (Table 5), and only those showing high significant
P values (< 0.01) are discussed. Significant positive correlations were found between protein and fat
percentage content (r=0.64; P<0.01) and between predicted cheese yield and both fat (=0.94; P<0.01)
and protein (r=0.87; P<0.01) contents. Our results showed slightly higher correlation than the results
reported by Napolano et al. (2007). Moreover, fat and protein content are the most important parameters

determining cheese yield, which is the most important technological trait in the dairy industry (Bonfatti et
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al. 2013b). Proteins, and in particular the content of casein, represent determining factors in the
organization of the cheese matrix because they are capable of retaining fat and moisture. Furthermore,
milk fat determines the amount of whey that drains from the curd. As reported by Mateo et al. (2009)
higher fat milks, with constant protein, resulted in lower yield of whey associated with higher reduction in
curd moisture content. As expected, SNF (%) was positively correlated with lactose content (Table 5).

The cluster analysis (Figure 1) reflected the different trend of milk compositional parameters among
seasons, and confirmed the results of ANOVA showing the lack of a significant year effect on

compositional milk parameters related to cheese yield production.

CONCLUSIONS

The trends in the compositional and sanitary parameters considered highlighted the high quality of the
Italian Mediterranean bulk buffalo milk under study. Due to the remarkable season effects discovered for
many of the monitored parameters, we can conclude that a seasonal adjustment of the buffaloes in terms
of delivery scheduling should be desirable for maintaining minimum oscillation of milk components
throughout the four seasons, thus resulting in bulk milk standardization and constant production of
buffalo dairy products. As is well known, milk testing and quality control represent pivotal activities of
any milk processing industry; for buffalo milk, such activities can provide important information for the
exploitation of this poorly utilized food matrix. Given the richness in composition of buffalo milk, its
health properties are supposed to be superior to those of cow milk, thus an increase of knowledge
regarding this matrix could be useful to drive the dairy industry toward the development of new buffalo

milk-based products with high nutritional properties.

ACKNOWLEDGMENTS

The authors wish to thank the Associazione Regionale Allevatori of Marche Region (ARAM), via

Clementina, Falconara Marittima (Italy), for its technical support. The authors also wish to thank the

laboratory staff at Centro Agrochimico Regionale, Qualita delle Produzioni of Agenzia per i Servizi nel

Settore Agroalimentare delle Marche (ASSAM) for analytical support.

REFERENCES

Japanese Society of Animal Science 12



©CoO~NOUTA,WNPE

358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387

Animal Science Journal

Abd El-Salam MH, El-Shibini S. 2011. A comprehensive review on the composition and properties of
buffalo milk. Dairy Science and Technology 91, 663-699.

Ahmad S. 2013. Buffalo milk. Milk and dairy products in human nutrition: Production, Composition and
Health, First Edition. Eds Young W. Park and George F.W. Haenlein. John Wiley & Sons, Ltd. pp.
519-553.

Ahmad S, Anjum FM, Huma N, Sameen A, Zahor T. 2013. Composition and physico-chemical
characteristics of buffalo milk with particular emphasis on lipids, proteins, minerals, enzymes and
vitamins. Journal of Animal and Plant Sciences 23, 62-74.

Ahmad S, Gaucher I, Rousseau F, Beaucher E, Piot M, Grongnet JF, ef al. 2008. Effects of acidification
on physico-chemical characteristics of buffalo milk: a comparison with cow’s milk. Food
Chemistry 106, 11-17.

Altiero V, Moio L, Addeo F. 1989. Prediction of Mozzarella cheese yield on the basis of fat protein
content of water buffalo milk. Scienza e Tecnica Lattiero Casearia 40,425-433.

Bartocci S, Tripaldi C, Terramoccia S. 2002. Characteristics of foodstuffs and diets, and the quanti-
qualitative milk parameters of Mediterranean buffaloes bred in Italy using the intensive system. An
estimate of the nutritional requirements of buffalo herds lactating or dry. Livestock Production
Science 77, 45-58.

Bassbasi M., Platikanov S, Tauler R, Oussama A. 2014. FTIR-ATR determination of solid non fat (SNF)
in raw milk using PLS and SVM chemometric methods. Food Chemistry 146, 250-254.

Bonfatti V, Giantin M, Rostellato R, Dacasto M, Carnier P. 2013a. Separation and quantification of water
buffalo milk protein fractions and genetic variants by RP-HPLC. Food Chemistry 136, 364-367.

Bonfatti V, Gervaso M, Rostellato R, Coletta A, Carnier P. 2013b. Protein composition affects variation
in coagulation properties of buffalo milk. Journal of Dairy Science 96, 4182-4190.

Borghese A. 2005. Buffalo Production And Research. Reu Technical Series 67. Fao Regional Office For
Europe Inter-Regional Cooperative Research Network On Buffalo (Escorena) Buffalo. Food And
Agriculture Organization Of The United Nations. Rome, 2005. pp. 312.

Brown MH, Gill CO, Hollingsworth J, Nickelson II R, Seward S, Sheridan JJ, et al. 2000. The role of
microbiological testing in systems for assuring the safety of beef. International Journal of Food

Microbiology 62, 7-16.

Japanese Society of Animal Science 13

Page 14 of 23



Page 15 of 23

©CoO~NOUTA,WNPE

388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418

Animal Science Journal

Cazacu S, Rotsios K, Moshonas G. 2014. Consumers’ Purchase Intentions towards Water Buffalo Milk
Products (WBMPs) in the Greater Area of Thessaloniki, Greece. Procedia Economics and Finance
9, 407-416.

Commission Regulation (EC) No 1107/96 of 12 June 1996 on the registration of geographical indications

and designations of origin under the procedure laid down in Article 17 of Council Regulation

(EEC) No 2081/92 Available online at: http://eur-lex.europa.cu/legal-
content/EN/TXT/PDF/?uri=CELEX:31996R 1107 &from=EN.

Commission Regulation (EC) No 103/2008 of 4 February 2008 approving non-minor amendments to the
specification for a name entered in the register of protected designations of origin and protected
geographical indications — Mozzarella di Bufala Campana (PDO) Available online at: http://eur-

lex.europa.ew/legal-content/EN/TXT/PDF/?uri=CELEX:32008R0103 &from=EN.

Cunha Neto OC, Oliveira CAF, Hotta RM, Sobral PJA. 2005. Avaliacdo fisico-quimica e sensorial do
iogurte natural produzido com leite de bufala contendo diferentes niveis de gordura. Ciéncia e
Tecnologia de Alimentos 25, 448-453.

Di Francia A, De Rosa G, Masucci F, Romano R, Borriello I, Grassi C. 2007a. Effect of Pisum Sativum
as protein supplement on buffalo milk production. ltalian Journal of Animal Science 6, 472-475.

Di Francia A, Masucci F, De Rosa G, Grasso F, Proto V. 2007b. Feeding management and milk
production in organic and conventional buffalo farms. ltalian Journal of Animal Science 6, 571-
574.

EFSA BIOHAZ Panel (EFSA Panel on Biological Hazards). (2015). Scientific Opinion on the public
health risks related to the consumption of raw drinking milk. EFSA Journal 2015;13(1):3940, 95
pp. doi:10.2903/j.efsa.2015.3940.

Enb A, Abou Donia MA, Abd-Rabou NS, Abou-Arab AAK, El-Senaiti MH. 2009. Chemical composition
of raw milk and heavy metals behavior during processing for milk products. Global Veterinaria 3,
268-275.

FAOSTAT (2014) Food and Agriculture Organization of the United Nations. Available on line:

http://faostat.fao.org/site/569/default.aspx#ancor.

Girler Z, Kuyucuoglu Y, Pamuk $. 2013. Chemical and microbiological quality of Anatolian Buffalo
milk. African Journal of Microbiology Research 7, 1512-1517.
Han X, Lee FL, Zhang L, Gou MR. 2012. Chemical composition of water buffalo milk and its low-fat

symbiotic yogurt development. Functional Foods in Health and Disease 2, 86-106.

Japanese Society of Animal Science 14



©CoO~NOUTA,WNPE

419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447

Animal Science Journal Page 16 of 23

Hussain I, Grandison AS, Bell AE. 2012. Effects of gelation temperature on Mozzarella-type curd made
from buffalo and cows’ milk. 1: Rheology and microstructure. Food Chemistry 134, 1500-1508.

ILAC-G13: 2007. Guidelines for the requirements for the competence of providers of proficiency testing

schemes.

INEA, Istituto Nazionale di Economia Agraria. 2012. Annuario dell’Agricoltura Italiana 2011. LXV,
INEA, Rome, pp. 430-431.

INEA, Istituto Nazionale di Economia Agraria. 2013. Annuario dell’Agricoltura Italiana 2012. LXVI,
INEA, Rome, p. 456.

ISO 4833-1:2013. Microbiology of the food chain - Horizontal method for the enumeration of

microorganisms - Part 1: Colony count at 30 degrees C by the pour plate technique.

ISO 13366-1:2008 (IDF 148-1:2008). Milk - Enumeration of somatic cells -Part 1: Microscopic method

(Reference method).

ISO 5725-2:1994. Accuracy (trueness and precision) of measurement methods and results - part 2.

ISO 9001:2008. Quality management systems — Requirements.

ISO/IEC 17043:2010. Conformity assessment — General Requirements for proficiency testing.

ISTAT, Istituto Italiano di Statistica. 2014. Annuario Statistico Italiano 2014. p. 440. Available online:
http://www.istat.it/it/files/2014/11/Asi-2014.pdf.

ISTAT, Istituto Italiano di Statistica. 2015. Annuario Statistico Italiano 2015. p. 462. Available online:
http://www.istat.it/it/files/2015/12/Asi-2015.pdf.

Khedkar CD, Kalyankar SD, Deosarkar SS. 2016. Buffalo Milk. Reference Module in Food Science,
from Encyclopedia of Food and Health 522-528.

Kelly AL, Tiernan D, O’Sullivan C, Joyce P. 2000. Correlation between bovine milk somatic cell count
and polymorphonuclear leukocyte level for sample of bulk milk and milk from individual cows.
Journal of Dairy Science 83, 300-304.

Kapila R, Kavadi KP, Kapila S. 2013. Comparative evaluation of allergic sensitization to milk proteins
of cow, buffalo and goat. Small Ruminant Research 112, 191-198.

Masucci F, Di Francia A, De Rosa G, Romano R, Varricchio ML, Grassi C. 2008. Pisum sativum as
alternative protein source in diets for buffalo cows in middle and late stage of lactation. 16th

IFOAM Organic World Congress, Modena, Italy, June 16-20, pp. 164-167.

Japanese Society of Animal Science 15



Page 17 of 23

©CoO~NOUTA,WNPE

448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476

Animal Science Journal

Mateo MJ, Everard CD, Fagan CC, O’Donnell CP, Castillo M, Payne FA, et al. 2009. Effect of milk fat
concentration and gel fimness on syneresis during curd stirring in cheese-making. International
Dairy Journal 19, 264-268.

Melilli C, Lynch JM, Carpino S, Barbano DM, Licitra G, Cappa A. 2002. An empirical method for
prediction of cheese yield. Journal of Dairy Science 85, 2699-2704.

Ménard O, Ahmad S, Rousseau F, Briard-Bion V, Gaucheron F, Lopez C. 2010. Buffalo vs. cow milk fat
globules: Size distribution, zeta-potential, compositions in total fatty acids and in polar lipids from
the milk fat globule membrane. Food Chemistry 120, 544-551.

More SJ, Clegg TA, Lynch PJ, O’Grady L. 2013. The effect of somatic cell count data adjustment and
interpretation, as outlined in European Union legislation, on herd eligibility to supply raw milk for
processing of dairy products. Journal of Dairy Science 96, 3671-3681.

Moroni P, Rossi CS, Pisoni G, Bronzo V, Castiglioni B, Boettcher PJ. 2006. Relationships between
somatic cell count and intramammary infection in buffaloes. Journal of Dairy Science 89, 998—
1003.

Napolano R, Potena A, Tovane G, Coletta A, Campanile G, Neglia G, et al. 2007. Relationships between
Italian Mediterranean Buffalo milk compounds. ltalian Journal of Animal Science 6, 1088-1091.

Pasquini M, Tommei B, Mattii S. 2003. Buffalo milk: proteins electrophoretic profile and somatic cell
counts. ltalian Journal of Animal Science 2,299-301.

Pure Appl. Chem. Vol. 78, n°1 pp.145-196, 2006. The International harmonized protocol for the

proficiency testing of analytical chemistry laboratories.

Regulation (EC) No 853/2004 of the European Parliament and of the Council of 29 April 2004 laying
down specific hygiene rules for food of animal origin. Official Journal of the European Union.
Available online: http://eur-

lex.europa.ew/LexUriServ/LexUriServ.do?uri=0J:1.:2004:139:0055:0205:en:PDF.

Regulation (EC) No 1664/2006 of 6 November 2006 amending Regulation (EC) No 2074/2005 as regards
implementing measures for certain products of animal origin intended for human consumption and
repealing certain implementing measures. Official Journal of the European Union. Available
online: http://eur-

lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:1.:2006:320:0013:0045:EN:PDF.

Japanese Society of Animal Science 16



©CoO~NOUTA,WNPE

477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503

Animal Science Journal

Rosati A, Van Vleck LD. 2002. Estimation of genetic parameters for milk, fat, proteine and mozzarella
cheese production for the Italian river buffalo Bubalus bubalis population. Livestock Production
Science 74, 185-190.

Sharif A, Ahmad T, Bilal MQ, Yousaf A, Muhammad G, Ur-Rehman S, ef al. 2007. Estimation of milk
lactose and somatic cells for the diagnosis of sub-clinical mastitis in dairy buffaloes. International
Journal of Agriculture and Biology 9, 267-270.

Shelke SK, Thakur SS, Amrutkar SA. 2012. Effect of feeding protected fat and proteins on milk
production, composition and nutrient utilization in Murrah buffaloes (Bubalus bubalis). Animal
Feed Science and Technology 171, 98-107.

Simoes MG, Portal RE, Rabelo JG, Ferreira CLLF. 2014. Seasonal variations affect the physicochemical
composition of buffalo milk and artisanal cheeses produced in Marajo island. Advance Journal of
Food Science and Technology 6, 81-91.

Smith KL. 2002. A discussion of normal and abnormal milk based on somatic cell count and clinical
mastitis. Bulletin - International Dairy Federation 372, 43-45.

Tripaldi C, Palocci G, Miarelli M, Catta M, Orlandini S, Amatiste S, et al. 2010. Effects of mastitis on
buffalo milk quality. Asian-Australasian Journal of Animal Sciences 23, 1319-1324.

Tufarelli V, Dario M, Laudadio V. 2008. Diet composition and milk characteristics of Mediterranean
water buffaloes reared in Southeastern Italy during spring season. Livestock Research for Rural
Development 20, 10.

Yadav P, Kumar P, Mukesh M, Kataria RS, Yadav A, Mohanty AK, et al., 2015. Kinetics of lipogenic
genes expression in milk purified mammary epithelial cells (MEC) across lactation and their
correlation with milk and fat yield in buffalo. Research in Veterinary Science 99, 129-136.

Zicarelli L, Neglia G, Napolano R, Di Rubio M, Caso C, Gasparrini B, et al. 2007. Correction of the ratio
between real cheese yield at 28 hours and protein according to chemical composition of buffalo
milk. ltalian Journal of Animal Science 6, 1108-1111.

Zotos A, Bampidis VA. 2014. Milk fat quality of Greek buffalo (Bubalus bubalis). Journal of Food

Composition and Analysis 33, 181-186.

Japanese Society of Animal Science 17

Page 18 of 23



Page 19 of 23 Animal Science Journal

Table 1 Herd characteristics and sampling plan of bulk buffalo milk (n=51) analyzed in the period 2011-
2013.

Herd characteristics Years
2011 2012 2013

©CoO~NOUTA,WNPE

Lactating Cows 74 80 &7
Herd average age (years) 5 4.8 5

11 Milk yield (kg/head) 1,804 1,662 1,745
12 Days in milking 208 207 216
Daily milk yield (kg/day) 8.67 8.02 8.07
Sampling plan Years
011 2012

013

18 Winter
19 Spring
20 Summer
21 Autumn
22 Total
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Table 2 Descriptive statistics for quality parameters of bulk buffaloes’ milk analyzed between 2011 and 2013.

Fat Protein (TN) Lactose SNF CYF SCC TBC
(% wiw) (% wiw) (% wiw) (%) (kg 100kg™)  (x 1,000 cellsmL")  (x 10' cfu mL™)
Mean 7.13 4.39 477 9.86 23.27 175.57 9.91
SD 0.85 0.20 0.24 0.28 1.60 109.87 26.11
Minimum 5.36 4.02 3.75 8.63 20.45 42.00 0.40
Maximum 9.99 4.94 5.12 10.39 27.75 566.00 190.40

TN Total Nitrogen; SNF Solids-not-fat; CYF Cheese yield formula; SCC Somatic cell counts; TBC Total bacterial counts.
cfu colony forming units.
SD standard deviation.
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Table 3 ANOVA results for quality parameters of bulk buffaloes’ milk according to month, season and year.

Animal Science Journal

Source Fat Protein (TN) Lactose SNF CYF SCC TBC

of (% wiw) (% wiw) (% wiw) (%) (kg 100 kg™ (x 1,000 cells mL™) (x 10" cfumL™)
variation df Variance  df Variance @ df Variance = df  Variance = df = Variance df  Variance df  Variance
Month 11 2267*** 11 0.059ns. 11 0.107* 11 0116ns. 11  7.017** 11  23,079.5* 11 47,4584 ns.
Error 39 0.285 39 0.037 39 0.042 39 0.067 39 1.312 39 8,965.8 39 74,047.1
Season 3 6258 3 (.145%* 3 0189 % 3 0.164ns. 3 19.389 *** 3 32,984.8 * 3 41,7979 ns.
Error 47 0368 47 0.035 47 0.048 47 0.072 47 1493 47 10,735.9 47  69,882.7
Year 2 0858ns. 2 0075ns. 2 0226* 2 0.254 * 2 4.085ns. 2 11,823.6 ns. 2 113,462.0 n.s.
Error 48 0.715 48 0.040 48 0.049 48 0.070 48 2.504 48  12,081.1 48 66,312.0

TN Total Nitrogen; SNF Solids-not-fat; CYF Cheese yield formula; SCC Somatic cell counts; TBC Total bacterial counts.

df degrees of freedom.
* Significant at P < 0.05

** Significant at P <0.01

*** Significant at P < 0.001

n.s. not significant
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Table 4 Quality parameters of bulk Mediterranean buffaloes’ milk according to month, season and year.

Effect Fat Protein (TN) Lactose SNF CYF 1 SCC TBC
(% wiw) (% wiw) (% w/w) (%) (kg 100kg™)  (x 1,000 cells mL~  (x 10" cfu mL™)
1
)
Month
January 8.54+0.27%  4.63+0.10° 4.61+0.10°  9.93£0.13%®  25.84+0.57° 299.00+47.34 * 6.68+13.61°
February  7.02+0.27°*  4.26+0.10° 456+0.10*°  9.51+0.13°  22.68+0.57°  274.25+47.34%® 7.32+13.61°
March 6.80+0.27°  4.39+0.10° 45140.10°  9.60+0.13%®  22.87+0.57°¢  127.50+47.34 9.85+13.61°
April 6.68+0.27°  4.35+0.10° 47040.10°  9.76+0.13®™  22.58+0.57°¢  293.50+47.34 % 3.90+13.61°
May 6.50£0.27¢  4.25+0.10° 4.84+0.10°  9.79+0.13*  21.98+0.57 87.25+47.34° 6.65£13.61°
June 6.27+0.24 ¢ 4.28+0.09° 4.94+0.09*  9.91+0.12%®  21.80+0.51¢ 121.80+42.35® 3.66+12.17*°
July 6.54+0.24 ¢ 4.3340.09° 4.8940.09°  9.91+0.12%®  22.31+0.51% 125.40+42.35 % 4.02412.17°
August 6.64+0.31°  4.30+0.11° 4.98+0.12%  9.97+0.15®  22.3540.66°  116.33+54.67® 5.37+15.71°
September  7.25+0.24"¢  4.49+0.09° 4.94+0.09°  10.1240.12*  23.75+0.51 %™ 174.00+42.35 6.74+12.17*°
October 7.30+0.24°¢  4.42+0.09° 4.84+0.09*  9.95+0.12%  23.56+0.51 ¢  124.20+42.35® 7.22412.17°
November  8.04+0.31%  4.50+0.11° 47140.12%  9.90+0.15®  24.77+0.66™  224.33+54.67 ® 6.83+15.71°
December  8.15+0.24™  4.5140.09° 4.68+0.09°  9.88+0.12%  24.944+0.51% 175.80+42.35 ® 8.40+12.17 %
Season
Winter 7.8140.20°  4.50+0.06° 4.59+0.07°  9.78+0.09*  24.49+0.41° 269.44+34.54% 8.91+8.81°
Spring 6.40+0.16°  4.27+0.05° 4.76£0.06®  9.73+0.07°  21.96+0.33° 153.29427.69° 5.04+7.06*
Summer 6.79+0.16° 4.36+0.05% 49140.06°  9.95+0.07*  22.73+0.33° 147.00+£27.69 * 17.66+7.06*
Autumn 7.76+0.16° 4.48+0.05° 4.77+0.06™  9.9440.07%  24.36+0.33° 166.07+27.69 * 7.65+7.06°
Year
2011 7.09+0.27° 4.33+0.06° 4.95+0.07*  9.97+0.08*  22.99+0.50° 165.60+34.76° 23.4148.14°
2012 7.36+0.19° 4.46+0.05° 4.78+0.05®  9.93+0.06*  23.79+0.36° 152.84425.22% 6.46+5.91°
2013 6.95+0.18° 4.37+0.04° 4.69+0.05°  9.74+0.06*  22.95+0.34° 199.73423.43% 6.74+5.49°

Multiple Comparisons among Least Square Means (LSM) using the Tukey HSD test according to month, season and year (LSM =+ mean std. err.).

TN Total Nitrogen; SNF Solids-not-fat; CYF Cheese yield formula; SCC Somatic cell counts; TBC Total bacterial counts.
Within each effect, for each variable, means with different letters are significantly different (P < 0.05).
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Table 5 Simple correlation among variables evaluated by the Pearson correlation coefficient (51 bulk milk samples).

Fat Protein (TN) Lactose SNF CYF SCC
(% wiw) (% wiw) (% wiw) (%) (kg 100 kg'l) (x 1,000 cells mL'l)

Protein (%) 0.6444 **

Lactose (%) -0.2777 * -0.2068 n.s.

10 SNF (%) 0.2346n.s.  0.5514 ** 0.7017 **

11 CYF (kg 100 kg™) 0.9398 *#*  (.8669 ** -0.2735n.s.  0.3993 **

12 SCC (x 1,000 cellsmL™)  0.2684n.s. 03113 * 03579 s, -0.0839n.s.  0.3141 *

13 TBC (x 10' cfumL™) -0.0255n.s.  0.0373 ** 0.1775 n.s. 0.1724 n.s. -0.0005 n.s. 0.0202 n.s.

OCO~NOOOTPA~,WNPE
DO —

TN Total Nitrogen; SNF Solids-not-fat; CYF Cheese yield formula; SCC Somatic cell counts; TBC Total bacterial counts.
n.s. not significant

* Significant at P < 0.05

** Significant at P < 0.01
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Fig. 1 Dendrogram of buffaloes’ bulk milk parameters analyzed between 2011 and 2013 according to season resulting
from Cluster Analysis carried out using the Wards’ minimum variance method.
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