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The aim of this study was to investigate the effect of somatic cell count (SCC) on mozzarella cheese quality. Three
categories of raw milk were selected: low (SCC <115 000 cells/ml), medium (SCC=422 000 cells/ml), and high
(SCC>987 000 cells/ml). Cheeses were produced on the same day of milk collection and were vacuum packed in
plastic bags and analysed weekly for 60 days at cold storage (4 °C). As somatic cell count increases, casein content,
casein as a percentage of true protein, lactose content, and titratable acidity decrease significantly in raw milk. No
significant differences were observed in moisture, fat, and total protein contents among mozzarella cheese samples
from the different SCC categories. However, cheese samples produced from high SCC milk had significantly higher
pH (6.83) compared to samples produced with low and medium SCC milk, 5.58 and 5.46, respectively. The extension
of proteolysis was not significant for cheese samples made from raw milk with low SCC during the first 30 days of
cold storage. Proteolysis levels increased significantly on the 15t storage day for cheeses made with medium and
high SCC, whereas significant increases were only observed on the 45t storage day for cheeses made with low SCC.
Keywords: raw milk quality, somatic cell count, mozzarella cheese, proteolysis

Somatic cells are animal cells, which are naturally found in the milk. These cells include
epithelial cells from the gland and leukocytes from the blood. Somatic cells in milk are
mostly white blood cells that infiltrate the mammary gland in response to infection. When
present in milk, they serve as a sensitive indicator of inflammatory conditions (L1 et al.,
2014). Mastitis is responsible for increasing the levels of somatic cells in milk. Most healthy
cows in a dairy herd have a milk SCC less than 50 000 cells/ml (BarRBANO et al., 2006). When
SCC exceed 200 000 cells/ml, the udder is considered to be infected and mastitis is considered
as subclinical (L1 et al., 2014). Cows with subclinical mastitis show no differences in the
appearance of their milk, but the composition and milk quality are altered because of the
inflammation (Dror et al., 2015). Some studies have shown that an increase in SCC leads to
a modification in milk composition. UBaLpo and co-workers (2015) reported that mastitis can
affect the quality and enhance proteolysis and lipolysis in milk. Somatic cells are considered
important sources of enzymes, in particular proteases and lipases (KELLY & MCSWEENEY
2003). It was reported that elevated rates of SCC result in both decreased protein concentration
and casein content (WicksTroM et al., 2009), whereas non-casein nitrogen and whey protein
increased under such conditions (Aurpist & HuBBLg, 1998). High SCC milk had lower
lactose and higher pH compared to low and medium SCC (TroenDLE et al., 2016). The
negative effects of high SCC in raw milk on the dairy industry include reduced shelf life of
dairy products due to undesirable sensory attributes caused mainly by lipolytic and proteolytic
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enzymes (KitcHeN, 1981). BArRBaNO and co-workers (2006) reported that SCC affects the
shelf life of fluid milk and also the yield efficiency in manufactured milk products such as
cheese. Higher levels of proteolysis have been observed in cheeses made with high SCC
regardless the cheese type (LE MARECHAL et al., 2011). SCC results in decreased cheese yield
as a consequence of the low casein content, which results in products of low quality and
stability (Cooney et al., 2000). Cheeses made from milk with different levels of SCC had
similar characteristics, but the extension and depth of proteolysis increased with SCC
(UBaLpo et al., 2015). High SCC milk induces an accelerated breakdown of aS1-casein. As a
consequence, protein losses in the whey are increased (LE MARECHAL et al., 2011). The
increase in SCC is also related to poor cheese manufacture, which impairs the cheese flavour,
texture, and yield. CoeLHO and co-workers (2014) reported that in order to get a good quality
mozzarella cheese, it is necessary to use milk with somatic cell counts below 400 000
cells/ml. According to the National Institute for Standardization and Industrial Property in
Tunisia (NT-14-141-2004), the Tunisian standard for SCC states a threshold of 500 000
cells/ml that should not be exceeded. In the USA, the legal maximum for SCC established by
the Food and Drug Administration is 750 000 cells/ml for bovine milk. However, in the
European Union Directive (EEC, 1992), the legal limit for bovine milk is 400 000 cells/ml.

The aim of this study was to investigate the effects of three levels of somatic cells on
raw milk composition and mozzarella cheese quality.

1. Materials and methods

1.1. Milk selection

Milk was obtained from different dairy farms, members of a local cooperative in the
governorate of Monastir, Tunisia. On the basis of the SCC, raw milk samples were grouped
into three categories: low SCC (115 000 cells/ml), medium SCC (422 000 cells/ml) and high
SCC (987 000 cells/ml). Milk collected from the same group was bulked until a minimum
amount of 100 litres was reached. Duplicate samples of bulked raw milk of each SCC
category were analysed for confirmation of the final SCC. Milk was then cooled and stored
at 4 °C until utilization (24 h after collection).

1.2. Milk analysis

All milk samples were tested negative for antibiotics using the Delvotest, and were analysed
in duplicate for fat, total protein, lactose, and total solids by the Milkoscan 4000 (Foss-
Electric A/C, Hillerod, Denmark) and for SCC (Fossomatic 5000, Foss-Electric A/C).
Standards were provided by CECALAIT France to calibrate the equipment. Based on the
data of the national milk control carried out monthly, the bacteriological counts of all milk
samples concerned by this study did not exceed 500 CFU ml ™.

1.3. Manufacture of mozzarella cheese

The mozzarella was manufactured in a cheese factory located in the governorate of Monastir
Tunisia, according to the procedure described by KinpsTEDT and co-workers (2004). During
processing, aliquots of whey were collected in duplicate for the determination of fat, protein,
total solids, titratable acidity, and pH. One day after processing, 3 cheese samples from each
category of SCC were taken and analysed in duplicate for moisture, fat, protein, total solids,
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titratable acidity, pH, and proteolysis. Cheese samples were vacuum-packed in plastic bags
and stored at 4 °C for up to 60 days. Physical and chemical analyses were performed in
duplicate for cheese samples at 15 days interval (1, 15, 30, 45, and 60 storage days) for
moisture, fat, protein, titratable acidity, and pH. The extension of proteolysis in cheese was
calculated using total nitrogen (TN), pH 4.6-soluble nitrogen (NCN), and 12% trichloroacetic
acid soluble nitrogen (NPN).

1.4. Statistical analyses

Variance analysis was conducted for the repeated measures of the effects of SCC on raw milk
and whey composition, as well as for the cheese composition of the 9 batches. The general
linear model procedure SAS (SAS Institute, 2010) was used to this end. Significantly different
means were identified using the Tukey’s test. All statements of significance were based on
5% probability.

2. Results and discussion

2.1. Effect of SCC on raw milk composition

The low SCC milk used in the experiment (115 000 cells/ml) had a mean SCC value lower
than 200 000 cells/ml and was representative of healthy cows, whose cells originated from
the natural scaling of the mammary gland epithelium (FERNANDES et al., 2008). Milk with the
highest SCC (987 000 cells/ml) largely exceeded the acceptable rate of SCC, as defined by
the Tunisian National Institute for Standardization and Industrial Property (NT-14-141-2004)
for bulked raw milk. Chemical composition, pH, and acidity of raw milk with different levels
of somatic cells count (SCC) are shown in Table 1. No significant effects of SCC have been
recorded on fat content and total protein content of raw milk. However, as SCC increases,
casein content and casein as percentage of true protein (CN/TP) decrease significantly
(P<0.05) in raw milk (Table 1). These findings are in line with those of GEARY and co-workers
(2013), who reported that as SCC increases, total nitrogen content of raw milk increases,
casein as a percentage of true protein (CN/TP) decreases, whey protein increases, and the
lactose content of raw milk decreases. There were no significant differences between raw
milks with low and intermediate SCC for total solids, lactose content, pH, and titratable
acidity. However, significant differences of these parameters have been recorded for milk
samples with low and high SCC (Table 1). This result is in line with the findings of GARIGLIA
and co-workers (2015) as well as with those of TRoENDLE and co-workers (2016), who
reported that high SCC milk had lower lactose content and higher pH compared to low and
medium SCC. ANDREATTA and co-workers (2009) found no significant differences between
different classes of SCC except for lactose content. According to MacHADO and co-workers
(2000), the reduced lactose content with high SCC is due to the decrease of lactose synthesis
of the infected mammary glands. KoLTe and co-workers (2008) mentioned that permeability
of the gland to blood components (such as bicarbonate ions) increased in infected udders,
resulting in higher pH values of respective milk samples.
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Table 1. Effect of somatic cell count (SCC) on raw milk composition

Low SCC Intermediate SCC High SCC

(115 000 cells/ml) (422 000 cells/ml) (987 000 cells/ml)

Mean SD Mean SD Mean SD

Fat (%) 2.94 0.90 291 0.70 2.98 0.60
Total protein (%) 2.90 0.30 3.01 0.40 2.95 0.30
Casein (%) 2312 0.20 1.98" 0.60 1.88° 0.40
Total solids (%) 11.20° 0.17 11.43% 0.20 12.28° 0.19
CN/TP 79.66% 1.25 65.78° 0.98 63.73¢ 1.33
Lactose (%) 4.522 0.20 4.47% 0.10 4.21b 0.20
pH 6.73 0.06 6.71% 0.09 7.16° 0.10
Titratable acidity 0.152 0.02 0.152 0.01 0.13° 0.04

(g lactic acid/100 ml)

5 ¢ Means of duplicate analyses of three lots of each somatic cell counts category followed by different letters
within a row are significantly different according to the Tukey’s test at 5% probability; SD: standard deviation; CN:
casein; TP: true protein

2.2. Effect of SCC on mozzarella composition

The physico-chemical composition of mozzarella cheese made from milk samples with
different levels of SCC content is presented in Table 2. Significant differences were only
observed for pH and titratable acidity values (P<0.05). Cheese samples produced with high
SCC milk had significantly higher pH and lower acidity compared to samples produced with
low and medium SCC milk. In fact, mastitis causes damage to the mammary epithelium and
leads to reduced synthesis and secretion of milk components. The amounts of blood borne
components, such as serum albumin and sodium and chloride ions, increase in milk of
infected quarters. This change in mineral balance causes the increase in pH in high SCC milk.
Similar results were reported by Vianna and co-workers (2008). MazarL and co-workers
(2007) revealed that during the manufacturing process, cheese from high SCC milk presents
a mean pH value that was 0.25 units higher than the cheese resulting from low-SCC milk.
Other authors, such as JAEGGT and co-workers (2003), did not observe significant variations
of pH among cheeses made from milk samples having different SCC levels. MarRINO and co-
workers (2005), on adding somatic cells from mastitic milk to control milk, did not find
significant differences of pH in cheeses. Results also show that there were no significant
differences of other physico-chemical parameters analysed in this study (such as moisture,
fat, and total protein contents), among the different mozzarella cheese samples manufactured
from the different SCC milk samples. This is actually consistent with findings of UBaLpo and
co-workers (2015) and ANDREATTA and co-workers (2009), who used raw milk with high SCC
(800 000 cells/ml) to produce mozzarella cheese. However, other studies carried out by
MaArmNo and co-workers (2005) and Vianna and co-workers (2008) on cheddar and cottage
cheeses, reported significant (P<0.05) decrease in protein content with high SCC milk
samples.
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Table 2. Effect of somatic cell count (SCC) on chemical composition of mozzarella cheese

Low SCC Intermediate SCC High SCC

(115 000 cells/ml) (422 000 cells/ml) (987 000 cells/ml)

Mean SD Mean SD Mean SD

Moisture (%) 48.76 1.91 48.81 0.82 47.59 1.20
Fat (%) 25.51 2.52 25.68 1.98 25.56 3.08
Total protein (%) 21.29 1.80 20.72 0.96 21.85 2.05
pH 5.58° 0.18 5.46° 0.09 6.83% 0.12
Titratable acidity 0.572 0.14 0.532 0.20 0.31° 0.08

(g lactic acid/100 ml)

b Means of duplicate analyses of three lots of each somatic cells counts category followed by different letters

within a row are significantly different according to the Tukey’s test at 5% probability; SD: standard deviation

2.3. Effect of SCC on whey composition

Results of whey components of the analysed cheese are indicated in Table 3. No significant
differences (P>0.05) were observed among cheese whey compositions of the different SCC
categories, except for pH and titratable acidity. SCC did not affect total solids, fat, and total
protein contents in the cheese whey. However, significant increase (P<0.05) of the pH and
decrease of the titratable acidity were noticed for the high SCC milk samples. This is
consistent with the pH and acidity values observed in the respective raw milks. Similar results
were reported by UBaLpo and co-workers (2015). Conversely, other authors have also

demonstrated increased protein levels in whey from high SCC milk (Siva et al., 2012).

Table 3. Effect of somatic cell count (SCC) on cheese whey composition

Low SCC Intermediate SCC High SCC

(115 000 cells/ml) (422 000 cells/ml) (987 000 cells/ml)

Mean SD Mean SD Mean SD

Total solids (%) 6.58 0.19 6.62 0.41 6.78 0.26
Fat (%) 0.41 0.19 0.38 0.10 0.43 0.12
Total protein (%) 0.81 0.06 0.79 0.04 0.87 0.08
pH 6.58" 0.19 6.62° 0.14 7.02% 0.24
Titratable acidity 0.08% 0.01 0.09? 0.01 0.05° 0.01

(g lactic acid/100 ml)

b Means of duplicate analyses of three lots of each somatic cells counts category followed by different letters

within a row are significantly different according to the Tukey’s test at 5% probability; SD: standard deviation

2.4. Effect of SCC on extension of proteolysis

Influence of storage at 4 °C on protein content of mozzarella cheese made from milk samples
with different somatic cell counts is indicated in Table 4.
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Table 4. Influence of cold storage (4 °C) on total protein content of mozzarella made with different categories
of somatic cell counts milks

Storage time (day)
1 15 30 45 60

Total protein

(%)

Mean SD Mean SD Mean SD Mean SD Mean SD
Low SCC 2170 102 2160 122 2130 212 2180 091 2201 118
lslgzmed‘ate 2072 131 2068 109 2073 1.08 2100 141 2086 0.6
High SCC 2185 048 2198 178 2208 195 2117 101 2204 042

Means of duplicate analyses of three lots of each somatic cells counts category; SD: standard deviation

Somatic cell count did not affect the total protein content of the mozzarella cheese
during the cold storage period (4 °C). The extension of proteolysis in the mozzarella cheese
throughout storage is indicated in Figure 1. Significant difference (P<0.05) was observed for
proteolysis levels throughout storage. At the first day of storage, the extent of proteolysis of
low SCC mozzarella cheese was about 1.38%, while for intermediate and high SCC,
proteolysis was about 4.56 and 6.65%, respectively (Fig. 1).

16 -~

13.85 1411

14 -~

12 -

Proteolysis, %
oo

1.38 153 1.82 2.27

1 15 30 45 60
Storage time, day

Fig. 1. Extension of proteolysis of mozzarella made with different categories of somatic cell counts milks during
cold storage
——: Low SCC; : medium SCC, —&— : high SCC
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The extension of proteolysis was not significant (P>0.05) for cheese samples made from
raw milk with low SCC during the first 30 days of cold storage. Proteolysis levels increased
significantly (P<0.05) on the 15" storage day for cheeses made with medium and high SCC.
Significant increases of proteolysis levels were also observed at the 45" storage day for
cheeses made with low SCC, where it reached 2.27%. The extension of proteolysis was
highly remarkable for cheeses made from medium and high SCC raw milk. For the
intermediate SCC milk content, the extension of proteolysis was about 4.56% on the first day
of storage at 4 °C, and reached 11.26% after 60 days of storage. For high SCC milk content,
proteolysis was about 6.65% after 1 day of cold storage and 14.11% after 60 days of storage.
These results clearly show that the use of high SCC milk leads to low protein quality
mozzarella cheese, which might develop intense proteolysis during cold storage. In most
rennet curd cheese varieties, proteolysis plays a major role in the development of flavour.
However, for mozzarella cheese, which belongs to the category of stretched curd, or “pasta
filata” cheeses, proteolysis is a major determinant of the intact casein content, which has a
large impact on the quality of mozzarella. Levels of intact casein have been suggested as a
significant determinant of stretching properties of melted mozzarella cheese (BANVILLE et al.,
2013). The release of amino groups as a consequence of proteolysis in cheeses made with
high SCC milk has been reported as a requisite to ensure browning via the Maillard reaction
when the cheese is heated, regardless of the amount of residual sugars present in the cheese
(KmpsTEDT et al., 2004). UaLpo and co-workers (2015) reported a significant increase in
proteolysis with increased SCC of the raw milk used in cheese production, and that the
extension and depth of proteolysis varied from 1.43% to 6.85% and from 0.29% to 4.11%,
respectively. ANDREATTA and co-workers (2009) observed a significant increase (P<0.05) in
free oil release during the storage of mozzarella cheese made with high SCC, and mentioned
that the amount of free oil released from mozzarella depended on the proteolysis level during
the storage. KaLiT and co-workers (2002) observed a more intense proteolysis during ripening
in the cheese from milk with a high SCC content. MazaL and co-workers (2007) mentioned
that the pH 4.6 SN was significantly higher in cheeses from high SCC milk, indicating
intensive proteolysis in fresh cheese from high SCC milk after 5 days from the manufacturing
date. ConsIDINE and co-workers (2002) mentioned that proteinases from somatic cells may
potentially make a significant contribution to proteolysis in milk with high SCC or cheese
made from such milk. JaNA and ManpaL (2011) reported that the increased proteolysis in
mozzarella cheese affects the integrity of the casein, which plays an important role in the
stretch-ability characteristic, highly desired in the mozzarella cheese. ANDREATTA and co-
workers (2009) showed that meltability increased in cheese manufactured from high SCC
milk, and suggested that raw milk used to produce mozzarella cheese should not contain high
SCC in order to avoid changes in the functional properties. In fact, plasminogen activator,
which is synthetized by leucocytes in mastitic milk, is responsible for the formation of an
endogenous milk protease, plasmin, which may be related to extensive caseinolysis (WANG
et al., 2007).

3. Conclusions

Results of this study lead to the conclusion that somatic cell count did not affect fat content
and total protein content of raw milk. However, casein content, casein as a percentage of true
protein, titratable acidity, and lactose content decrease significantly in raw milk with
increasing SCC content. Cheese samples produced with high SCC milk had significantly
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higher pH and lower acidity, compared to samples produced from milk with low and medium
SCC content. No significant differences were observed on moisture, fat, and total protein
contents among mozzarella cheese samples manufactured from the different SCC milk
categories. Cheese whey composition was also not affected by the different SCC milk
categories, except for pH and titratable acidity. During 60 days of cold storage, SCC did not
affect the total protein content of the mozzarella cheese, but significantly influenced the
development of proteolysis. As a conclusion, somatic cell count must be taken into
consideration when selecting raw milk for the production of mozzarella cheese in order to
avoid proteolysis and obtain high protein quality product. The SCC rate tolerated by the
Tunisian standards can be considered as relatively high (500 000 cells/ml) if the milk will be
used to produce a mozzarella of excellent protein quality. Further studies are needed to
determine the influence of SCC on the sensory acceptability of the final cheese product under
the Tunisian conditions.
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