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INTRODUCTION

Mozzarella cheese has a unique
property called stretchability to form fibers or
strings when heated which depends on its pH
and proportion of colloidal calcium phosphate
that has been removed (Ghosh and Singh,
1996). With the spread of fast foods, especial-
lly pizza stores, the annual production of
Mozzarella cheese has been increased in USA
from about 705 thousand tons (1990) to reach
up to 1277 thousand tons in 2006 (AAE,

2006). Mozzarella is an irreplaceable cheese
for pizza because of its strechability, and it has
a number of precise functional requirements.
There has been a shurp increase in the con-
sumption of pizza worldwide, resulting in
high demand for Mozzarella or Pizza cheese.
Mozzarella cheese classified as a semi hard
cheese is regularly produce a lower yield
percentages especially with cow milk. Increa-
sing Mozzarella cheese yield without affecting
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its functional quality needs more research to
maxima the advantages especially with
introduction of new dairy ingredients. The
yield of cheese and its control are of great
economic importance, determining the profit
of cheese plants. Cheese yield can be expre-
ssed simply as the quantity of cheese produced
from a given quantity of milk (kg /100 kg)
with a defined protein and fat content
(Walstra, 2000). The raw milk costs about 80-
90% of the wholesale price of cheese. An
increase in the retention of milk components
in the form of cheese, and thus increase in
cheese yield has been a major driver in the
design of cheese equipment and process
optimizations through reducing the loss of
milk components (mainly fat & protein) into
the whey. The composition of cheese milk
may be altered by technological interventions,
involving standardization of cascin/fat ratio,
fortification with reconstituted skim milk and
incorporation of whey proteins (Fox et al,
2000).

The use of concentrated milk for
cheese processing presents advantages for
regions where there is a shortage of milk and
milk products but it can bring some negative
eﬁ‘ectsontheproows.ltisoﬂmmsaryto
adjust the component concentrations in raw
milk to satisfy the type and functionality of the
cheese being manufactured. Standardization
of milkk by increasing solids not-fat (SNF)
through adding skim milk powder to improve
the body & texture, consistency as well as
yield percent is considered as one of the most
useful process in some dairy products like

yoghurt (Lankes ef al, 1998, Folkenberg &

Martens 2003), ice cream (Arbukle, 1986;
Awad & Metwally, 2000) and cheese (Jensen
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& Nielsen, 1982; Hefny & Kandeel, 1990;
Jana & Thakar, 1996; Brito ef al, 2000;
Hefny et al., 2004). Several altematives have
been explored to describe the manufacture of
Mozzarella using reconstituted skim milk
powder or UF concentrates. The resultant
cheeses had acceptable quality but poor
melting, stretching, and shredability properties
due to gumminess (Kindstedt, 1993, El-
Batawy et al, 2004). Concentrated milk
proteins are recently introduced and now are
commercially available as dairy products. It
has a wide range of protein percentages and
generally contains low lactose content with
high ratio of proteins than milk powder, which
may produce different quality of dairy pro-
ducts. Ur-Rehman et al. (2003) and Harvey,
(2006) used milk protein concentrate to fortify
cheddar cheese and found that protein & fat
retention and yield were increased with no
defect in sensory attributes by fortification at
lower protein ratios. Mozzarella cheese yield
was also improved by treating the milk with
phospholipase enzyme as a result of improved
fat and moisture retention in the cheese curd
(Lilback ef al., 2006).

Since, Mozzarella has unique func-
tional characteristics which may be affected
with any changes in milk composition. There-
fore, this study was conducted to investigate
the actual yield improvement and functional
quality of Mozzarella cheese from cow milk
fortified with dried skim milk (DSM) or dry
milk protein concentrate (MPC). This mnvest-
tigation was also planned to find out how
much and which is better of DSM or MPC to
fortify cow milk without any significant
adverse effects on functional characteristics.

MATERIALS AND METHODS

Materials:

Fresh cows' milk was obtained from
the herd of Higher Institute of Agricultural
Cooperation, Giza, Egypt. Low heat dried
skim milk, product of Dairy Fammers of
America, MO, USA, and dry milk protein
-concentrate produced by Australian Dairy

products, Pty Ltd., Australia, were used. The
composition of previous materials is summa-
rized in Table (1). Starter culture consists of
Str. salvarius subsp. thermophilus and Lacto.
delbreuckii subsp. bulgaricus, was obtained
from Cairo MIRCEN Culture Collection
Center, Faculty of Agric., Ain Shams
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University. Calf rennet powder (Chr. Hansen's
Laboratories, Denmark) was used as

coagulant.

Mozzarella cheese manufacture

Mozzarella cheese was manufactured
from fresh cows' milk standardized to 3% fat
and heat treated at 72°C / 15 sec. Cheese milk
was divided into 7 equal portions; first portion
was served as control without any additives.
Dried skim milk (DSM) was added to three
portions in ratios of 2, 4, and 6%. Rest three
portions were fortified with dry milk protein
concentrate (MPC) in ratios of 0.5, 1, and 2%.
The calculated amounts of DSM or MPC were
mixed properly in the cheese milk, then starter
culture was added and the mixture was loft at
384:2°C till the pH reached 6.4 within 15-30
min, Thereafter, the coagulation of cheese
riidk was completed by adding rennet as
coagulant to complete the process within 40-
6G min, and then the manufacture steps were
continued as described by Kosikowiski
(1982).

Cheese analysis:

Mozzarella cheese samples were
examined when fresh and biweekly during
storage at 5£2°C up to 4 weeks for moisture
and soluble nitrogen (SN) contents as descry-
bed by Ling (1963), and ash and total nitrogen
(TN) as described in AOAC (1995). Values of
pH were measured with a digital pH meter
(Chemcadet Cole-Palmer, Chicago, iL) by
inserting the pH electrode (Orion, MA)
directly into cheese samples. The method of
Lawrance (1968) was used to ‘determine the
lactose content. Total calcium content was
determined according to the method described

by Metzger ef al. (2000). Total volatile fatty
acids (TVFA) was determined in cheese
samples by the distillation method
(Kosikowski, 1982) and expressed as ml 0.1 N
NaOH/100g cheese. The actual cheese yield
was calculated by dividing the weight of
cheese by the weight of milk using the for-
mula mentioned by Fox 2f al (2000) as
follows: — -
Weight of cheese
Aetual yield % = X100
Weight of milk

Meltability and fat leakage (oil sepa-
ration) of cheese samplea was determined by
the method of Nilson and Lacshair (1976).
Cheese firmness was measured using a
penetrometer “Kochler” Co. Inc, USA as
mentioned by El-Shabrawy et al. (2002).
Cheese stretchability was measured using the
Waessenberg test according to Nelson (1980)
as modified by Anis and Ladkani (1988).
Microstructure of fresh Mozzarglla cheese
samples was by scanning electron
microscopy (JEOL T330A) using the modi-
fied method of Tamime ef al. (1990). Texture
profile of fresh Mozzarclla cheese was
measured with Instron Universal Testing
Machine model 1100, Stable Micro System
Lid. (SMS), UK, loaded with Dimension soft-
ware. Sensory ovaluation of chocso samplos
was carried out on fresh, 2 and 4 weeks of
storage according to the method of Nelson and
Trout (1956). The data obtained of three
roplicates were statistically analyzed accor-
ding to SAS (1994) using General Linear
Model (GLM), and Duncan's multiple range
was used to separate among means.

RESULTS AND DISCUSSION

Actual yield and chemical properties of
Mozzarella cheese:

Actual yield values of Mozzarella
cheese made of cow milk fortified with dried
skim milk (DSM) or milk protein concentrate
powder (MPC) are illustrated in Fig.1. The
data indicate that the yield value significantly
increased with adding DSM or MPC to the
cheese milk before manufacture. This means
that, fortifying cow milk with DSM or MPC

will Jead to higher cheese yield which were
proportion with the type and ratio of addition.
The increase in cheese yield with fortifying
the milk by DSM or MPC is due to the
increase occurred in the solid comtent of
cheese base milk. It is well known that the
yield increases with increasing the total solid
contents in the milk used for cheese manu-
facture (Fox e al, 2000; Walstra, 2000). It
can be also noticed that the actual yield was
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about 6.1 % higher for cheese containing 6%
DSM and 5.7% for cheese containing 2%
MPC than control without fortifications. Our
observations were in similar trend of Brito ef
al., 2000; Neocleous et al. (2002) and Cunha
et al. (2004) who added milk concentrates in
Maribo, Minas Frescal and Cheddar cheeses.

Moisture content of fresh Mozzarella
cheese fortified with DSM or MPC showed
significant differences with different ratios of
added material (Table, 2). Treatments with
MPC exhibited significantly higher moisture
content in resultant Mozzarella than that
fortified with DSM. Control Mozzarella had
the highest moisture content while treatment
fortified with 6% DSM had the lowest.
Generally, addition of DSM or MPC in cheese
milk during manufacture of Mozzarella leads
to decrease in moisture content of resultant
cheeses. This decrease in moisture content of
treatments could be related to the changes that
occurred in protein ratios as well as the total
solid contents in the base cheese milk. These
changes will result a higher solid content in
cheese curd, i.e. lower moisture. Neocleous ef
al. (2002); Cunha et al. (2004); Ur-Rehman
and Farkye (2006) reported that moisture
content of cheese decreased with increasing
the concentration factor of cheese milk by
microfiltration and ultrafiltration. During stor-
age of Mozzarella at 5+2°C, the moisture
content showed insignificant decrease in all
treatments including control. Similar observa-
tions were reported by Ghosh and Singh
(1992), Mostafa et al. (1996) and El-Batawy
et al. (2004).

Ash contents in fortified Mozzarella
with DSM or MPC presented in Table (2)
confirmed that all fortified samples had signi-
ficantly higher ash than that of control without
fortification. Treatments with DSM possessed
higher ash values than that of MPC. Among
all fortified Mozzarella samples, treatment
with added 6% DSM had the highest ash
contents while that with 0.5% MPC had the
lowest. Ash values in the treatments are
correlated with ash contents in added mate-
rials (Table, 1). Ash contents showed insig-
nificant increase in all samples during storage
peniods.,
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Fortifying cheese milk with DSM or
MPC increased significantly the lactose
contents in resultant Mozzarella (Table, 2).
The value was proportionally to the level of
added DSM or MPC. Lactose values were
significantly higher in treatments with DSM
than that of MPC being highest in treatment
fortified with 6% DSM. On the other hand,
MPC had lower lactose content compared to
DSM, thus lactose ratio content in treatments
with MPC was lower than that with DSM.
Lactose gradually decreased in all treatments
even the control (significant at P < 0.05)
during storage of Mozzarella up to 4 weeks at
5+1°C. This decrease could be attributed to
the growth and activity of microflora and/or
enzymes activity in cheese curd. The findings
are in agreement with El-Shibiny ef al. (1998).

Values of pH presented in Table (2)
indicated a slight decrease with adding DSM
or MPC to Mozzarella cheese milk. Therefore,
control treatment showed the highest pH value
among all resultant cheeses. Lower values of
pH in fortified treatments would be due to the
higher non fat dry matter content (higher
protein and mineral) which contributes as a
part of natural acidity, thus decreasc pH. The
pH value significantly decreased in all treat-
ments including control with prolonging the
storage period. This could be due to the
acidity development, which led to lower pH
value in cheese sample. The rate of changes in
pH value was slight faster in treatments with
added MPC. This may be due to the slightly
higher moisture in those treatments which
may enhance the acidity developments. These
findings are in the same trends of Mostafa et
al, (1996); Abd El-Hamid et al. (2001) and
El-Batawy ef al. (2004).

Cow Mozzarella cheese (control)
contained the lowest total calcium content
(TC), while Mozzarella treatment with adding
6% DSM had the highest (Table 3). Addition
of DSM or MPC during manufacturing of
Mozzarella cheese increased significantly (P <
0.05) the total calcium in resultant curd. The
higher amounts of total calcium in Mozzarella
treatments could be attributed to the higher
amount of calcium in DSM or MPC added to
cheese milk (Table, 1). These findings are in
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agreement with Ur-Rehman and Farkye
(2006) who found an increase in calcium
contents in cheese of milk standardized with
dry milk protein concentrate. Treatments with
MPC had slightly lower TC than that with
DSM. This could be due to the method
followed during processing of DSM and MPC
since all amount of calcium retained in DSM
while some of soluble calcium may released
in permeate during MPC manufacture. During
storage period, the total calcium content
showed slight (non-significant) increase in all
treatments including control. This increase
could be related to the changes in cheese
moisture and DM contents (El-Batawy ef al,
2004; Abd El-Hamid ef al., 2006, Awad et al.,
2007).

Total protein percentages of cow
Mozzarella cheese fortified with DSM or
MPC are presented in Table (3). All fortified
trcatments exhibited higher protein content
than control cow Mozzarella. This is mainly
due to that DSM or MPC contain higher
percent of protein and therefore will increase
the percentage in resultant cheese. The ratio of
total protein in treatments of DSM was higher
than that of MPC treatments. The higher
protein in DSM treatments is mainly due to
the higher ratio added than MPC (Table, 1).
Storage of Mozzarella cheese resulted in a
slight increase in total protein content which
could be due to the moisture loss and
therefore, higher dry matter anu protein
contents. Mostafh et al. (1996) and Abd El-
Hamid et al. (2006) mentioned that total
nitrogen gradually increased as time of storage
advanced.

The data in Table (3) revealed that
fortified Mozzarella cheeses from different
treatments were characterized by significantly
higher percent of soluble nitrogen (SN) than
control, either fresh or along the storage
period. These observations would be a result
of higher SN content in added materials
(DSM, MPC) than control without additives.
Mozzarella treatments fortified with MPC
showed higher SN content than that of DSM.
As can be seen from the results, the
percentage of SN was increased in treatments
with increasing the level of both additives

being the highest in treatment with 2% MPC.
Values of SN showed a marked and signifi-
cant increase during storage at 5+2°C in all
treatments including control due to the protein
breakdown induced by the additives and the
higher moisture in the resultant cheese. These
results are in agreement with those reported by
Yun et al. (1993b) EL-Batawy et al. (2004),
Abd El-Hamid er al. (2006); and Awad e al.
(2007).

Total volatile fatty acids (TVFA) of
Mozzarella treatments fortified with DSM or
MPC increased with added materials propor-
tionally to the ratio of addition (Fig. 2). The
data also illustrated that TVFA values of
treatments with DSM were higher than that of
MPC. The higher TVFA in DSM treatments
would be due to the higher concentration of
dry matter (lower moisture) which may
involve in release of volatile acids. It is
evident from the data illustrated in Fig. 2 that
the concentration of TVFA significantly incre-
ased with the progress of storage period in all
treatments including control one. This could
be due to the residual activity or reactivation
of heat resistant lipases which may cause the
fat hydrolysis (Mostafa ef al., 19967 Abd El-
Hamid et al,, 2001).

Functional properties of Moxzarella cheese:
Meltability values of Mozzarella
checse from cow milk fortified with DSM or
MPC (Table, 4) indicated significant different-
ces among all treatments. Addition of DSM or
MPC in cheese milk had a clear effect on
meltability values of Mozzarella treatments.
The meltability values of resultant Mozzarella
cheese decreased gradually with adding DSM
in different ratios. Treatment with 6% DSM
showed significantly the lowest meltability
value than that of all other treatments. On the
other hand, meltability improved by adding
MPC into cheese milk up to 1% then
decreased after that ratio but still as good as in
control one. The changes ir meltability values
among treatments would be a function of
several factors such as moisture, pH, calcium
content and the nature of proteins in treated
Mozzarella and/or casein micelle size modi-
fication (Tunick et al.,, 1991; McMahon and
Oberg, 1998 Metzger ef al., 2001 and Abd El-
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Hamid et al., 2001). Therc was an improve-
ment in melting properties of all cheeses
during storage period. The increase in melta-
bility values of stored samples could be
related to the partial proteolysis-and protein
breakdown occurred in the cheese matrix.
This could be also owing to the developments
of acidity which increase the soluble calcium
with partly removed as well as the progressive
of cheese proteolysis. Changes that occurred
in meltability values of the treatments during
storage intervals were significant. The results
were in accordance with Mostafa ef al. (1996);
Paduval & Mistry (1999); Abd-El-Hamid et
al. (2001); Stevens & Shah (2002); El-Batawy
et al. (2004); Zisu & Shah (2005) and Awad et
al. (2007).

Mozzarella cheese treatments forti-
fied with DSM or MPC showed significantly
different stretchability values compared to
Mozzarella control (Table, 4). The cheese
stretchability increased with adding 2% DSM,
but decrcased after that with increasing the
ratio added. On the other hand, Mozzarella
cheese fortified with MPC exhibited higher
stretchability values at 0.5 and 1% addition,
then decreased after that at 2%. This means
that the functional property improved by
adding DSM up to 2% or MPC up to 1% into
cheese milk. Improvements in stretchability
could be attributed to the decrease of protein
binding profile with improve in water func-
tionality and protein relaxation in the cheese
body (Anis and Ladkani, 1988). Stretchability
values were increased in all Mozzarella
samples with extending the storage period.
This could be due to the reduction in concen-
tration of intact para-casein and increased
water binding capacity of the casein
(Kindstedt and Guo, 1997). These findings are
in agreement with Guinee et al. (2001); Abd-
El-Hamid ef al. (2001); Zisu and Shah (2005);
Abd-El-Hamid et al. (2006) and Awad et al.
(2007) who reported a marked increase in
stretchability during the first 30 days of
Mozzarella cheese ripening.

The values of penetration are inver-
sely related to cheese firmness. Cow Mozza-
rella control had lower firmness than that of
all fortified treatments either with DSM or
MPC (Table, 4). The lower firmness in cow
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Mozzarella control could be related to the
higher moisture content. Bhaskaracharya and
Shah (1999) found that, the hardness of
Mozzarella cheese decreased with the increase
in moisture content. Generally, addition of
DSM or MPC significantly increased the firm-
ness of treated cheeses compared to
Mozzarella control. Treatment with 6% DSM
and 2% MPC exhibited higher firmness values
than that of other treatments. Penetration
values significantly increased which mean a
decrease in cheese firmness with extending
the storage period up to 4 weeks. The changes
in fimness values of cheese during storage
could be related to the protein network
breakdown, Kanawjia ef al. (1996); Abd-El-
Rafee et al. (1998) and Abd-El-Hamid et al.
(2001) reported that the hardness of Mozza-
rella cheese decreased during storage at
refrigeration temperature.

Fortifying cow milkk with DSM or
MPC lowered significantly the oil separation
of Mozzarella cheese (Table, 4). The additives
were more effective in this issue and cheese
fat became more emulsified when MPC was
added to milk before coagulation. Oil sepa-
ration index of treated cheese exhibited lower
values with the increase of ratio added. This
could be due to the effect of added materials
as emulsifying agent since it increase the
protein content, which may help to retain
moisture, fat, and other milk constituents and
therefore, create a more emulsification con-
ditions in resultant cheese. The differences in
oil index values among treatments could be
also due to the different moisture retention in
the curd through water absorption. Mozzarella
treatments with MPC were more effective and
exhibited the lowest value of free oil compa-
red to treatments with DSM or control. The oil
separation percentage was gradually and
significantly increased as the storage period
progressed in all treatments including controls.
The increase in oil separation of Mozzarella
cheese with extending the storage period
could be due to the breakdown of casein
matrix through proteolysis process which
makes the fat to be release easier. The results
are in line with the finding of Yun et al.
(1993a); Abd-El-Hamid et al. (2001) and
Awad et al. (2007).
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Table (1): Chemical composition (as %) of dried skim milkk (DSM), milk protein
concentrate powder (MPC) and fresh cow milk used in manufacture of
Mozzarella cheese

Product

Moisture |

Soluble
nitrogen

DSM

3.87

1.859

MPC

3.96

4.475

| Cow milk

87.83

DSM %

0.184

2|

4|

6

Moisture %

52507

49.83%

47.45°

52417

49.53%

47327

5236

4941%

47.17°

Ash %

3.85%

461"

5.14%

3.94%

470

521

4.81°

530"

Lactose %

2.54"%

3.39™

2.08™®

2.94™

1.88°%

2.11%

value

H
5.51A£

546"

§ 42708

5359

§27®

Table (3): Total calcium, tot- protsin, and soluble nltropn (SN) of Mozzarslla chesse

from cow milk

Control

fortiﬂod with dried skim milk

(DSM) or milk protein

Toul calcium %

0.603%

0.707™

0.6235%

0.648%

0.722™®

0.748™

Total protein %

17.83"

21.16"%

23.40"

17917

21.25%

23.50%

18.40°

21.60™®

23.93"

Soluble nitrogen %

0.256"

0.326™

0.344™

0277°

0.341%

0.355%

0314

0.353™

0.371™

A,BC MmmmmlmrmmmﬂwmmmgepemdmmSmﬁmﬂymﬁmmt
a,b,c: Means with same leiter for same treatment during storage periods are not significantly different
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Table (4): Functlonal properties of Mozzarella cheese from cow mllk fortified with dried

Control

Meltability %
86.548° ) 85.4%C 74.6%
101.2%%* ! 1009 | 90,7
1246 ) 126.3% | 109.8°
Stretchability (mm)
9 2ABe ) 9,18¢ 8.5B¢
12.6° ) 1235 10.6™
19,848 ) 18.9°% 154>
Penetration (mm)
716 | 6. 6.07°¢ 5.58™
10.11* | 8. 7925 7.01™
15.62* | 12. 1094%* | 8.97°*
Oil separation %
40.11** |[37. 30515 | 24.65™
4914 |39, 34.4]5C®BCe | 99 75D
| 5536 40.67%* | 38.67

A,BC Mwnswnhsameleueramongmunentsmﬂwmstomgepenodamnotsngmﬂmnﬂydlﬁ'emnt
a,b ¢: Means with same letter for same treatment during storage p_e_nods are not sngmﬁmntly different

]IControl DZ%DSM 04%DSM B6%DSM 50.5%MPC 11%MPC & 2%MPC.

18- = Sl 009090 T

16

14 -

12

Actual yieid %

NN\

10

8-
Treatments

Fig. (1): Actual yield (%) of Mozzarella cheese from milk fortified with dried skim milk
(DSM) or milk protein concentrate powder (MPC).
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| mControl 012%DSM (14%DSM @ 6%DSM B 0.5%MPC B 1%MPC [ 2%MPC|

30

25-

20

15 |

TVFA

{mi NaOH 0.1N/100g cheese}
|

104

2 weeks
Storage perlods

4 weeks

Fig, (2) Total volntnle fatty aclds (TVFA) of Mozurelln cheese from mllk fortified with
dried skim milk (DSM) or milk protein concentrate powder (MPC), fresh and

during storage.

Texture and microstructure of Mozzarella
cheese:

Texture characteristics of Mozzarella
cheese fortified with DSM or MPC (Table, 5)
stated that the hardness increased in all
fortified treatments being relatively to the ratio
added. Treatments with DSM were harder
than that of MPC which were closer to
control, Mozzarella cheese made of cow milk
fortified with DSM or MPC became more
gummy and chewy proportionally to the ratio
added. This mean that the energy required to
disintegrate and masticate the cheese to a state
ready for swallowing was increascd. On the
other hand, springiness value of Mozzarella
decreased with adding DSM or MPC into
cheese milk which mean that the height that
the cheese able to recover was reduced. These
findings would be confirmed from the data
obtained of cheese stretchability values since
it was docroased with added matorials. The
strength of the intemal bonds making up the
body of resultant choose, which mean
cohesiveness, was also increased by adding
DSM or MPC to the cheese milk. This of
course, is due to the higher total solids of
cheese milk through the rati
materials. The results agree
Shah (2002) and Zisu & Shah (2005) who
mentioned that cheeses with low moisture and
fat exhibited greatest hardness, gumminess
and chewiness.

-

The microstructure of Mozzarella
cheese made of cow milk fortified with DSM
or MPC is illustrated in Fig. (3). The cow
control (CC) showed numerous small
vacuoles, less dense protein matrix and more
open structure, while fortified treatments had
considerably fewer vacuoles, more dense
protein matrix, with rough and fewer protein
strands and open poorly fused network of
paracasein particles in the curd. Treatment
with 4% DSM added to cheese milk showed
dense protein strands and close structure
which was interspersed with large and small
voids. Addition of DSM led to decrease in the
water distributions and therefore lower serum
channels which would allow retention of less
serum, When such small serum channels are
dimbuwdﬁmdmﬂwmemmm
cheese became harder and less pliable because
of tho dooreaso in molsturo and impoded
coalesoence of protein strands, McMahon ef
al. (2008) menﬂoned that microstructure of
choose with high level of calcium had an
increase in protein folds and serum pockets
while that with low calcium content had more
homogeneous structure. Frotein matrix in low
calcium cheese appeared less dense indicating
that the proteins were more hydrated but in
high calcium cheeses the protein appeared
more aggregated and had larger spaces
between protein aggregates. Treatment with
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1% MPC in cheese milk showed an end
product with fibrous structure and spongy
protein matrix close to that of cow Mozzarella
(CC) with more elongated protein network
and distributed serum in lower size, but the
structure was . It can be also
seen from the micrograph of MPC that the
fibers of casein are more elongated, showing
good protein strands with lower fusion of
paracasein particles. Better protein strands
distributed in the cheese matrix appeared in
treatment of MPC could be attributed to the
effect of adding milk protein concentrate
powder to the cheese milk which may
contribute in giving the final structure.
Variations in Mozzarella microstructure are
generally associated with the differences in
manufacture conditions such as moisture, fat,
salt and protein contents as well as pH,
calcium, calcium to total protein ratio (Kiely
etal. 1992).

Sensory quality attributes:

Quality  attributes of fortified
Mozzarella cheese with DSM or MPC gained
close points for flavour as that of cow control
(Table, 6). Addition of DSM and MPC at
lower ratios slightly improved the flavour of
treated cheeses than control. Increasing the
ratio added of DSM up to 6% produced
Mozzarella with significantly lower flavour
score than all other treatments. The scores of
body and texture of treated cheeses were
significantly affected by the type and ratio of
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added materials. Adding DSM or MPC to
cheese cow milk improved the body and
texture in resultant Mozzarella being highly
improvements with MPC at ratio 1%.
Incorporating MPC or DSM into cheese milk
at lower ratio produced somewhat slightly
harder body and smooth texture being better in
treatments of MPC showing the best with 1%
addition. Fortified Mozzarella cheese showed
better appearance than control except at
highest ratio of both added materials. As can
be seen from Table (6), the use of DSM up to
4% or MPC up to 1% enhanced the total
quality and acceptability of Mozzarella
cheese. Treatments with MPC showed better
sensory attributes and that with 1% MPC in
cheese milk gained the highest score and was
even better than cow Mozzarella control,
while Mozzarella of 6% DSM scored the
lowest. There was no significant difference
among most of treatments and cow
Mozzarella cheese except at higher ratios of
additions. The sensory quality of all cheeses
was continually and gradually improved
during storage period reaching the highest
score at the end of storage period (4 weeks) at
5+2°C. These improvements during storage
may be attributed to the partial proteolysis of
cheese protein leading to more soft body &
texture as well as flavour enhancement. The
results are coinciding with Abd-El-Hamid er
al. (2001); Ei-Batawy et al. (2004) and Awad
et al. (2007).

Table (5): Texture parameters of Momrella cheese from cow mllk fortified with dried

Texture

Control

__profile

Hardness

™)

9.92¢

| Cohesiveness

B
O 0.541

Gumminess

™)
(cm)

5.36°

Springiness

(cm) 11.06*

Chewiness 59.28¢

A B,C: Means with same letter among treatments are not significantly different.
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v 2 e
2 P8

from cow milk control (CO),

Fig (3): Scanning electron micrographs of Mozzarella cheese
milk fortified with 4% dried skim milk (DSM) or milk fortified with 1% dry
milk protein concentrate (MPC). White area: protein matrix, black areas: fat
and serum pockets
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Table (6): Sensory quality attributes of Mozzarella cheese from cow milk fortified with
S .

| Character

Control
assessed

45 8"

Flavour 26,2755

0 47.1%

Body & 31.5"®

texture 31.9%B%

32,778

13.1°%

13.5%B®

14.0"

904720

9] 678

93 gABs

B C Means wnth leuer___g_mmgg_ in the same storage period are not significantly different.
ab,c: Means with same letter for same treatment during storage periods are not significantly different

CONCLUSION

It could be generally concluded from
the obtained results that fortifying cow milk
with DSM or MPC has significantly improved
the yield of Mozzarella cheese. The use of
DSM or MPC increased Mozzarella cheese
yield by 53% (6% DSM) or 49.6% (2% MPC)
relative to control treatment. Chemical pro-
perties of resultant Mozzarella has been
affected by the type and ratio of added
material. The functional properties and
sensory attributes of all treatments were also
affected being related to the fortification

material and its ratio. Adding DSM up to 4%
or MPC up to 1% into cheese milk produced
Mozzarella cheese without any significant
difference than control one. Adding MPC to
cow milk in Mozzarella manufacture at lower
ratio enhanced the functional properties and
sensory attributes of produced cheese. How-
ever, using MPC in fortifying Mozzarella
cheese milk was more effective and produced
Mozzarella with much better functional
quality compared to treatments with DSM.
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