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ABSTRACT

In the present study, composition, functional props and sensory characteristics of Mozzarellaeadeeproduced
from milk with somatic cell counts (SCC) at low (62000 cells/mL), intermediate400,000 cells/mL) and high
(>800,000 cells/mL) levels were investigaté&tiree batches of cheese were produced for eachca@gory. The
cheeses were vacuum packed in plastic bags angsethafter 2, 9, 16, 23 and 30 days of storage’@t CC

level did not affect the moisture, fat, total pinotand ash content, mesophilic and psychrotroplactéria, and

sensory parameters of Mozzarella ched$awever, meltability increased in cheese manufactdrom high SCC
milk. Results indicated that raw milk used to progliMozzarella cheese should not contain high SCZD@;000

cells/mL) in order to avoid changes in the funcéibproperties of the Mozzarella cheese.
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INTRODUCTION and levels of serum proteins. However, one of the
most important adverse effect of high SCC milk

The inflammation of the mammary gland, oron the dairy industry include reduced shelf life of
mastitis, is one of the most important factors tha@@iry products, due to undesirable sensory
can negatively affect the raw milk quality attributes (Kitchen, 1981).

(International Dairy Federation, 1987). Milk from The SCC in milk markedly influences the overall
infected cows is characterized by increaseguality of cheeses. Main alterations include:
somatic cell counts (SCC) (Auldist and Hubbledecreased cheese yield, increased fat and protein
1998). The impact of mastitis to the dairyl0oss in whey (Barbano et al., 1991) and inferior
production is related to changes in milkorganoleptic properties (Lee et al., 1991; Auléist
composition, such as reduced calcium, lactose ardd-, 1996). SCC effects on cheese manufacture
casein levels, and increases in sodium, chlorid®ave been well established for Cheddar
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(Grandison and Ford, 1986; Mitchell et al., 1986milked separately, two days after SCC
Rogers and Mitchell, 1994; Politis and Ng-Kwai-measurement, to obtain milk for cheese
Hang, 1988) and Cottage (Klei et al.,, 1998)rocessing. Milk collected from cows of the same
varieties. However, very little information is group was bulked until a minimum amount of 100
available on the effects of mastitis and high SC&g was reached. Milk was then cooled and stored
milk on the quality of other varieties, such asin a refrigerator (&) until utilisation (24 h after
Mozzarella cheese. collection). Duplicate samples of bulked raw milk
Mozzarella cheese is commonly used as ingredienof each SCC category were analysed for
for pizza, and contributes to the organolepticomposition (Association of Official Analytical
characteristics of the final product (Kindstedt,Chemists, 1995) and confirmation of SCC in the
1993). The ability of cheese to fulfill its expedte electronic counter (Bentley, USA).
requirements as an ingredient is related to its
functional properties (Fox et al, 2000).Manufacture of Mozzarella cheese
Functionality parameters of Mozzarella chees@he manufacture of cheese was accomplished in
include meltability and free oil formation. Melting two days, strictly following the procedures as
characteristics of the cheese are the prime factodescribed by Oliveira (1986). On day one, the raw
in determining the appropriate pizza baking (Kuamilk (100 kg/SCC level) was heat treated at@®5
et al.,, 2000). The excessive oiling off, or thefor 30 min, and then cooled to nearly’G4All the
tendency to form excessive free oil upon meltingprocedures for the manufacture of cheese were
is a defect that detracts from melted cheesperformed in a double-jacketed stainless steel vat
appearance on pizza and related foods (Kindste@¥lec Milk, Brazil). Mesophilic and
and Rippe, 1990). There is no previous report opsychrotrophic bacteria were analysed on
the effects of somatic cell counts on meltabilitypasteurised milk (American Public Health
and free oil formation of Mozzarella cheese. Association, 1992) for confirmation of milk
In Brazil, Mozzarella cheese accounts for nearlyacterial counts. Pasteurised {65for 30 min)
35% of the 375,000 kg of the total cheesemilk samples containing less than 1.0%xt@lony
produced in the country. The potential impact oforming units per mL of mesophilic or
high SCC in milk on the Mozzarella industry is notpsychrotrophic bacteria were inoculated (3%
well understood. Therefore, the aim of the presenhoculum) with thermophilic starter cultur€f CC-
study was to verify the effects of using different20, Christian-Hansen, Brazil) and calcium chloride
bulk milk SCC on the composition, microbiology, solution (250 m{.), mixed and incubated at %3,
functionality and sensory characteristics of thdor approximately 60 min. Forty milliliters of
Mozzarella cheese. liquid rennet containing chymosin and pepsin (Ha-
La, Christian-Hansen, Brazil) was added to the
milk, followed by mixing thoroughly for one

MATERIALS AND METHODS minute and incubating at 32 for 35 min. After
that, the coagulum was cut into small cubes of
Milk collection approximately 1.0 cm and gently stirred for 10

Milk used in the present study was collected fronminutes, followed by cooking at 43°C for 25
two dairy herds located in Pirassununga, Brazilminutes. At the end of cooking, the whey was
Holstein cows were selected among the animalrained and collected for the analysis. All fines i
that were in intermediate stages of lactation, anthe whey were added back into the vat. The curd
that were not submitted to antibiotics treatmenwvas then removed from the vat, placed in a
seven days before milk collection to avoid thepolypropylene tray and covered with a plastic film.
residues in milks (Brito and Junqueira, 2006)The trays were stored in a refrigerator at 4°C for
Milk from individual cows was submitted to SCC 12-16 h, until pH 5.1-5.3 (Fox et al. 2000).
using an electronic counter (Bentley, USA), toOn day two, the cheese curd was cut into slices of
allow its distribution in three groups based omearly 0.5 cm thickness and placed in a vat
individual SCC status: cows with low SCCcontaining water at 80-85°C. The curd was
(<200,000 cells/mL), intermediate SC€400,000 stretched and kneaded for 5 min, when it reached
cells/mL) and high SCC (>800,000 ce||s/m|_)_the typical elastic consistency of the Mozzarella
Groups of cows of each SCC category werg&heese. The hot, plastic curd was then manually
molded into rectangular blocks of 4 kg, cooled in
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sterile cold water to 10°C, and brine salted (20°Bffood Technologists, 1981) recruited among the
for 20 h. After salting, the cheese was dried ®r 4 students and staff of the University of Sdo Paulo.
h in a refrigerator at °€, vacuum packed in Samples were cut into portions of approximately
polyethylene bags, and stored for 30 days. Th80 grams and submitted to the panel without
experiment was replicated three times, once peddition of any other ingredients, at approximately
month, representing nine batches of cheeses, thr&é€°C. Panelists were unable to identify the samples
within each SCC categorpinalyses of Mozzarella and were instructed to follow a hedonic scale of 9
cheeses were performed in duplicate samples aftpoints and attribute scores to each of the follgwin

2,9, 16, 23 and 30 days of storage at 4°C. cheese characteristics: appearance, consistency,
odour and taste. The descriptions used for the
Composition and microbiological analysis hedonic scale were: 9=excellent, 8=very good,

Cheese moisture, fat, total protein and ash weré=good, 6=fairly good, 5=indifferent, 4=fairly
determined on day 2 of storage according to thpoor, 3=poor, 2=very poor, 1=extremely poor.
Association of Official Analytical Chemists (1995)

methods. Microbiological tests included standardbtatistical analyses

plate count for mesophilic and psychrotrophicResults on milk and cheese composition of the
bacteria (American Public Health Association,nine batches were submitted to one-way ANOVA

1992). (Gacula and Singh, 1984) and treatment means
were compared by the Tukey test, using the SAS
Functional properties General Linear Model (SAS Institute, 2004). A

Functional properties of Mozzarella cheese wereplit-plot design was used to monitor the effedts o
evaluated by means of free oil and meltabilittreatment, storage time, and the interaction of the
determinations. Free oil was measured using fanctional properties and sensory grades of
modified Gerber method, as described byheeses at intervals during the 30 days of storage.
Kindstedt and Fox (1991). A modified SchreiberAnalysis of variance for the split-plot design was
test (Kosikowski, 1982) was used to quantifycarried out using the PROCMIXED of S&S

cheese meltability. software (SAS Institute, 2004). Statistical
significance was accepted at P<0.05. The ANOVA
Sensory analyses models used for the statistical analysis of

Samples of Mozzarella cheese were submitted tof@inctional and sensory characteristics are listed i
non-trained panel of 50 individuals (Institute ofTaple 1.

Table 1 -The ANOVA models used for the analysis of functiband sensory characteristics.

Model terms df Analysed as Error term
SCC 2 Whole plot factor (fixed) E ()
E (a) 12 Whole plot error

T 4 Subplot (fixed) E (b)
SCCxT 8 Interaction (fixed) E (b)
E (b) 96 Subplot error

Model equation Y=SCC+E (@) +T+SCCxT +ik (

SCC = somatic cell counts, E = error, and T = timstofage.

RESULTS AND DISCUSSION characteristics for the different milks studied
(P>0.05), except for the fat and total protein
The results of composition analyses of raw milkcontent, which were higher (P<0.05) in high SCC
used for the Mozzarella cheeses production in eac¢hilk. A higher fat and total protein content of kil
SCC category are presented in Table 2. Averageith high SCC has been described previously by
SCC in low, intermediate and high SCC milkMarques et al. (2002) and Auldist et al. (1995),
samples differed statistically (P<0.05), withrespectively.
average of 5.15 log cells/mL, 5.67 log cells/mLThe composition and microbiological parameters
and 6.02 log cells/mL, respectively. No significantof Mozzarella cheese produced from milk of each
differences were detected between the evaluatéCC category are shown in Table o effect
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(P>0.05) of milk SCC was observed on themesophile counts. Psychrotrophic bacteria were
moisture, fat, total protein and ash, as well asot detected in the cheeses on day 2 of storage.

Table 2 - Composition of cow milk used for the manufactufeMmzzarella cheese within selected somatic cell
count categories

Parameter SCC Category (cells/mL)

< 200,000 = 400,000 > 800,000 MSD
Somatic cell count (log cells/mL) 5.150t06 5.67 +0.07 6.02+0.06  0.16
Titratable acidity {D) 17.67 +2.89 17.83 +1.61 16.50 +0.87  4.16
Total solids (%) 11.60 1.18 11.59 +1.23 12.33 +0.78 0.81
Fat (%) 3.10 +0.89 3.14 +0.83 3.86+0.55%  0.55
Total protein (%) 3.00 .24 3.14 +0.25" 3.27+0.26  0.23
Lactose (%) 452 9.07 4.42 +0.18 4.33 +0.12 0.31

Within a row, means followed by the same letterrasesignificantly different (P>0.05).
1 Mean_+standard deviation of duplicate analyses of thoteof each SCC category.
2MSD = Tukey’s minimum significant differenceat0.05.

Table 3 - Composition and microbiological characteristicsMdzzarella cheese manufactured from milk within
selected somatic cell count categaries

Parameter SCC Category (cells/mL)
< 200,000 = 400,000 > 800,000 MSB
Moisture (%) 49.21 4.46 49.71 +0.7G" 49.07 +3.06' 551
Fat (%) 26.17 4.07 26.17 +2.47 26.83 +2.75 6.13
Total protein (%) 22.32 8.14 20.92 +2.79 19.38 +1.058' 5.34
Ash (%) 451 #.88 455 +2.10 3.86 +1.33 1.42
Mesophiles (log CFU/qg) 6.766:34 6.76 +0.08 6.55 +0.172 0.44

Within a row, means followed by the same letterrasesignificantly different (P>0.05).
! Mean_+standard deviation of duplicate analyses of thyeeof each SCC category analysed on day 2 of storag
2MSD = Tukey’s minimum significant differenceat0.05.

Table 4 presents the free oil values of Mozzarellaf storage (P>0.05). However, a significant
cheeses during 30 days of storage. SCC did noicrease in free oil release was observed duriag th
affect the free oil formation (P>0.05) and nostorage (P<0.05).

interaction was found between SCC and the days

Table 4 - Effect of somatic cell counts (SCC) on free oikade, as a percentage of Mozzarella cheese fatgdur
storage at 4°€

Time of storage (days)

SCC 2 9 16 23 30
(cells/mL) {g/kg of cheese fat}
< 200,000 20.62 19.78 24.21 25.42 20.98
= 400,000 23.27 21.20 23.29 27.46 25.04
> 800,000 26.70 22.99 29.78 30.42 27.75
Standard error 2.87 2.09 2.99 ‘1.69 2.64
Source of variation P
SCC 0.1268
Time 0.0029*
SCC x time 0.9806

1 Means of duplicate analyses of three lots of &€ category.
* Linear effect: y = 0.8555x + 22.07 {R 0.32).
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The amount of free oil released from Mozzarellaacceptance from the consumers (Pizaia et al.,
depended on the proteolysis level during th@003). The melted diameter of cheeses increased
storage, and the excess of free oil on the sudace up to 30 days of storage (P<0.05), and there was a
a pizza after baking was a major quality defect fosignificant interaction between SCC and time of
Mozzarella cheese manufacturers (Kindstedt anstorage (P<0.05). In fact, age has a large impact o
Rippe, 1990). Oiling off occurs when the caseirthe meltability of cheeses (Kindsted, 1993). Soon
matrix collapses during the heating, allowing theafter the manufacture of the cheese, proteins have
fat globules to coalesce and to flow to the surfacea high molecular weight and consequently lower
In the present study, SCC had a significant effecfolubility. After two or three weeks, proteins are
(P<0.05) on the meltability of cheeses (Table 5)hydrolysed and meltability is increased until
The increase in the melted diameter of cheeses liecome excessive and inappropriate (Oliveira,
related to the proteolysis in cheese during storage986; Kindsted, 1993). Although the casein and
(Tunick et al., 1993). Therefore, as the matrix washe proteolysis index of Mozzarella cheeses was
degraded by the proteolysis, the ability of thenot evaluated in the present study, the higher
cheese to maintain its structure during heatingeltability of high SCC cheeses could be a
decreased. There has been no previous evidenoensequence of higher protein degradation, since
that the differences in milk composition, asprevious reports indicated that proteolysis was
observed in the present experiment for protein andcreased in Cheddar cheese manufactured from
fat content in the high SCC milk, may play amilk with 500,000 cells/mL (Rogers and Mitchell,
significant role in the meltability of Mozzarella 1994), in Cottage cheese made with milk at
cheese. The high meltability observed in high SC@72,000 cellsnL (Klei et al., 1998), and in Prato
cheeses could lead to a higher fluidity of melte&heese made from milk with > 600,000 cells/mL
cheese, which might cause alterations in spregiflazal et al., 2007).

characteristics of cheese, leading to a lower

Table 5 - Effect of somatic cell counts (SCC) on the meldgaimeter (mm) of Mozzarella cheese during stordge a

4°Ch,

Time of storage (days)

SCC 2 9 16 23 30
(cells/mL) (mm)
< 200,000 3.81 3.63 3.56 3.99 4.14
= 400,000 3.65 3.98 3.81 4.63 4.48
> 800,000 3.68 4.41 4.35 5.03 4,72
Standard Error 0.03 0.10 0.09 3.99 4.14
Source of variation P
SCC 0.0046*
Time < 0.0001**
SCC x time < 0.0001***

1 Mean of duplicate analyses of three lots of ea€E Sategory.

* Linear effect: y = 0.3077x + 3.5095 {R 0.99).

** | inear effect: y = 0.1991x + 3.5267 tR 0.78).

= | inear effect: < 200,000: y = 0.10x + 3.524 {R 0.44);= 400,000: y = 0.231x + 3.417 {R 0.74); > 800,000: y = 0.27x +
3.628 (R =0.72).

Figure 1 presents the mean grades of sensoriaigher (P<0.05) than the high SCC group.
characteristics of Mozzarella cheeses for the thrddowever, no differences (P>0.05) were found
SCC studied. SCC in milk influenced thebetween the grades of all sensory attributes in low
appearance and consistency of cheeses (P<0.0&d high SCC cheeses. Lee et al. (1991) and
and P=0.0107, respectively). Compared with thédwuldist et al. (1996) reported lower sensory
low and high SCC categories, cheeses made wittharacteristics of Cheddar cheese made from SCC
intermediate SCC milk had higher grades for thenilks at levels above 1,500,000 cells/mL, which
attribute appearance (P<0.05). The mean grade whs much higher than the levels used in the
intermediate SCC cheeses for consistency wasesent experiment. Also, a possible explanation
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for the difference between those reports and dateading to a greater sensory modification in
obtained in the present study could be the differerfCheddar when compared to the Mozzarella cheese.
ripening patterns among cheese varietiesThe grades for all the sensorial characteristics
Mozzarella is a short-ripened cheese that isvaluated significantly increased during 30 days of
released for consumption 2-3 days aftestorage (Fig. 2). The P values were 0.0038,
manufacture, while Cheddar cheese is usuall§.0004, <0.0001 and <0.0001 for appearance,
matured at 6-1%C for a period ranging from 3-4 odour, consistency and taste, respectively. The
months to two years (Fox et al., 2000). This longeason for the increase in odour and taste grades
period would allow the prolonged action of might be due to the action of starter culture dyrin
proteolytic enzymes present in high SCC milkthe storage.

Grades

Appearance Odour Consistency Taste

Characteristics

W 200,000 cells/mL 0O 400,000 cells/mL @ 800,000 cells/mL

Figure 1 - Effect of SCC on sensory attributes of Mozzarel@ese during 30 days of storage.
Results are mean grades with bars of standard efiiodividual scores obtained from
50 panellists. Within each sensory attribute, mdaliewed by the same letter are not
significantly different (P>0.05).

7,20
7,00 -
6,80
6,60 -
6,40 -
6,20 4
6,00 -
5,80
5,60

Grades

2 9 16 23 30

Days of storage

------- Appearance —e—— Odour —a— Consistency —a— Taste

Figure 2 - Sensory characteristics of Mozzarella cheese g8 8a9, 16, 23 and 30 of storage.
Results are mean grades of individual scores addaiom 50 panellists.
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The interaction between SCC and day of storagéntretanto, houve aumento da capacidade de
was observed only for the appearance of cheesdsrretimento no queijo fabricado com leite de alta

(P<0.0001). The linear regression lines predicting€CS. Os resultados indicam que o leite cru

the grades according to the interaction betweeutilizado para a producédo de queijo Mussarela nédo
SCC and time were 5.756 + 0.262X%R.44) for deve conter niveis de CS acima de 800.000/mL,
cheese made from milk with low SCC, 5.795 +para evitar alteracdes nas propriedades funcionais
0.397X (R=0.91) for intermediate SCC cheesedo queijo Mussarela.

and 6.928 — 0.216X (R0.28) for the cheeses

from the high SCC category, where X is the days
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