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Background. Mozzarella is one of several pasta filata or stretched curd cheeses that orig-
inated in Italy. The name pasta filata refers to a unique plasticizing and texturing treat-
ments of the fresh curd in hot water that imparts to the finished cheese its characteristic
fibrous structure and melting properties. Mozzarella cheese made from standardized buf-
falo milk with 3 and 1.5% fat. The effect of coagulant types (calf rennet, chymosin and
Mucor miehei rennet) on the cheese properties was carried out.

Material and methods. Fresh raw buffalo milk and starter cultures of Streptococcus sal-
varius ssp. thermophilus and Lactobacillus delbrueckii ssp. bulgaricus were used. The co-
agulants were calf rennet powder (HA-LA), microbial rennet powder (formase ISOTL
from Mucor miehei) and chymosin derived by fermentation (CDF). Milk, curd, whey,
kneading water and cheese were analysed. The slab gel electrophoresis patterns of Mozza-
rella cheese were also applied. Statistical analyses were also applied on the obtained data.
Results. Recovery of DM of both curd and cheese decreased in case of using Mucor mie-
hei rennet while the recovery of TP and fat content in both curd and cheese and their loss
to whey and kneading water were nearly the same. Soluble nitrogen and soluble tyrosine
and tryptophan contents elevated with increasing the storage period. Increasing rate of the
soluble nitrogen in case of using Mucor miehei rennet was higher compared to that made
with the other types of coagulant. TVFA content increased with advancing the storage pe-
riod, also increased with increasing the fat content of the original milk fat used. No effect
can be seen due to the coagulant types. The meltability increased with storage period pro-
gress. While the effect of the type of coagulant enzyme hade neglect effect on meltability
fat leakage and oiling off. Mozzarella cheese made with Mucor miehei rennet obtained the
highest firmness compared with those made using calf rennet, or chymosin. Both scores
of the flavour and body and texture improved with progressing of storage period, and
were higher in case of using Mucor miehei rennet, while the appearance score of the
cheeses decreased with increasing the storage period at 4°C.

© Copyright by Wydawnictwo Uniwersytetu Przyrodniczego w Poznaniu

Corresponding author — Adres do korespondencji: Ph.D. Nawal S. Ahmed, Dairy Science De-
partment of National Research Center in Dokki, Giza, Egypt, e-mail: monaama2003@yahoo.com



340 N.S. Ahmed ...

Conclusion. Using Mucor miehei rennet increased the rate of proteolysis during storage
period more than the other 2 types of coagulant. They also, showed the higher sensory
evaluation.
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INTRODUCTION

Mozzarella is one of several pasta filata or stretched curd cheeses that originated
in Italy. The name pasta filata refers to a unique plasticizing and texturing treatments of
the fresh curd in hot water that imparts to the finished cheese its characteristic fibrous
structure and melting properties.

Mozzarella cheese is classified by standards of identity into four separate categories
based on moisture content and fat in dry matter.

Several recent investigations have shown a significant correlation between milk fat
intake and coronary heart diseases. Such studies have caused consumers to become
more concerned about their consumption of milk fat in cheese and other dairy products.
Studies by Dave et al. [2003] and Tunkick et al. [1993] showed that, low fat and low
moisture Mozzarella cheese is too hard and non-meltable enough compared with full fat
Mozzarella. However, refrigerated storage of the low fat cheese seemed to have textural
properties similar to those of fresh high fat, low moisture Mozzarella. The proteolysis
presumably taking place at 4°C causes some breakdown of its dense casein structure,
resulting in a product with more desirable textural and melting properties. They con-
cluded that, it is possible to produce low-fat Mozzarella which is comparable texturally
and in meltability to unripened Mozzarella containing twice as much FDM.

Calcium plays an important role in the functional properties of cheese. Recent stud-
ies have shown that reduced calcium Mozzarella cheeses had improved softening, melt-
ing flow characteristics and higher proteolysis. Mozzarella cheeses were made by direct
acidification using glucono-6-lactone or using starter culture. Milk was preacidified
using citric acid and acetic acid to a pH of 5.9 to lower level of calcium. Reduced calci-
um cheeses made with this preacidified milk were compared with control cheeses made
with milk without preacidification. The level of reduction of calcium in final cheeses
was approximately 45% [Thakur 2007].

The coagulant used in cheese making has a dual role. The primary function is to co-
agulate milk to produce cheese curd. In addition, a small proportion of the coagulant is
carried over into the cheese. This residual coagulant remains proteolytically active
in most aged cheeses and plays an important role in the development of texture and
flavour. Proteolytic activity by the coagulant in cheeses depends on the amount and-
proteolytic characteristics of a specific coagulant and the amount of inactivation by
temperature and pH that occurs during cheese making. In Mozzarella cheese, coagulant
were widely reported to be fully inactivated by high temperature during stretching [Ah-
med et al. 2008].

Coagulant type significantly affected the level of primary proteolysis, as measured
by levels of pH 4.6 SN, with the Rhizomucor pusillus proteinase (RPP) giving significant-
ly higher mean levels than the other coagulants at both 4 and 12°C. However, coagulant
type did not significantly affect the firmness of the unheated cheese or the flowability of
the cheese on heating at 180 or 280°C. Increasing storage temperature from 4°C to 12°C
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significantly increased the mean levels of proteolysis and non-expressible serum in the
raw cheese and the mean flowability of the heated cheese [Sheehan et al. 2004].

However, recent reports [Farkye et al. 1991, Tunkick et al. 1993, Yun et al. 1993 a]
have shown that, during aging of Mozzarella, extensive proteolysis occurs that can be
largely attributed to residual coagulant. Moreover, the rate and specificity of proteolysis
in Mozzarella are strongly influenced by the type of coagulant (e.g. chymosin, calf
rennet and Mucor miehei rennet) used in cheese making. Several investigations [Oberg
et al. 1992, Yun et al. 1993 b] have reported that the type of coagulant used in cheese
making significantly influenced changes in cheese functionality during aging. Adding of
glucono-d-lactone, (GDL) alone to Mozzarella cheese milk decreases both actual and
moisture and salt adjusted cheese yields more than using GDL with yoghurt starter as
acidulate. The progressive reduction in moisture and salt adjusted cheese yield with
increasing preacidification was caused by a substantial reduction in calcium recovery
in the cheese and a tendency for decreased protein recovery in the cheese. This would
decrease moisture and salt adjusted yield [Ismail et al. 2007, Metzger et al. 2000].

Since buffalo milk has a major share in the total milk produced and processed
in Egypt and as this milk is quite suitable for Mozzarella cheese it also has a potential
market in industry, such as pizza.

Therefore the aim of this study was to investigate the effect of some milk coagulat-
ing enzymes on the compositional, rheological and sensory qualities of Mozzarella
cheese made from buffalo milk.

MATERIAL AND METHODS

Materials

Fresh raw buffalo milk was obtained from the herd of the Faculty of Agriculture,
Cairo University. Starter cultures of Streptococcus salvarius ssp. thermophilus and Lac-
tobacillus delbrueckii ssp. bulgaricus were obtained from Microbiological Resources
Centre (MIRCEN), Faculty of Agriculture, Ain Shams Univ. Calf rennet powder (HA-LA)
from CHR-Hansen’s Denmark; microbial rennet powder (formase ISOTL from Mucor
miehei) Gist-brocades, France and chymosin derived by fermentation (CDF) obtained
from Dairy Ingredients Division, Pfizer Inc. Dry Coarse table salt was obtained from El-
Nasr Company at Alexandria, Egypt.

Cheese manufacture. Buffalo milk was separated to cream and skim milk using
a mechanical separator. The obtained skim milk was divided into 2 equal portions. One
portion was standardized to 3% fat and 1.5% fat, using the separated cream. Each stand-
ardized milk was further divided into 3 equal portions and manufactured to Mozzarella
cheese as described by [Kosikowski 1982 a]. Using different types of coagulants. Three
replicates were made from the control and treatments and analysed for chemical, physi-
cal and rheological properties when (fresh, 1, 2, 3 and 4) weeks of cold storage (4°C).

Methods of analysis

A. Milk, whey and kneading water (stretching water). Dry matter (DM), fat and
total protein (TP) contents were determined according to the methods [AOAC 2007]
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while pH values were measured using a digital pH meter (M41150 USA) equipped with
glass electrode, Sodium chloride content of the kneading water was determined by the
method of [Case et al. 1985]. Total phosphorus (P) was determined in the ash according
to [Snell and Snell 1949] and total calcium (Ca) content as described by [Francesco and
Raffaello 1980].

B. Curd and cheese. Dry matter, fat, total protein contents and titratable acidity
were determined according to the methods [AOAC 2007], soluble nitrogen (SN) content
in cheese was determined by the micro-Kjeldahl method [Kosikowski and Mistry 1997],
sodium chloride content according to [Richardson 1985], and pH using pH meter. The
cheese was also analysed for total volatile fatty acids (TVFA) as described by [Kosi-
kowski 1982 b] soluble tyrosine and tryptophan contents of cheese samples were deter-
mined according to Vakaleris and Price [1959], total phosphorus content as described by
IDF [1966] and Calcium content as described by Raadsveld and Klomp [1971]. Separa-
tion of casein by slab gel electrophoresis was carried out by the method of Farkey et al.
[1991]. The cheese recovery was calculated according to Vandeweghe and Maubois
[1987].

The cheese samples were also analysed for meltability (tube) test as described by
Muthukumarappan et al. [1999] meltability (disc) and fat leakage test were determined
according to Guinee et al. [1999]. The method described by Kindsted and Fox [1991]
was adapted for estimation of free oil in method Mozzarella cheese using Gerber fat
testing equipment Bytrometer.

Cheese firmness. The firmness of cheese was measured at 15°C using Koehlerik
K19500 penetrometer (Sycamore, AVE USA). The penetrometer was equipped with
2 different weights, the standardized rod weight of 47.5 gm and an additional 35 gm.
Weights (total 82.5 gm) were used; the type of cone and the additional weight was se-
lected to allow a better differentiation of firmness values. The whole scale was calibrat-
ed into (35) units; each unit was further divided into 10 parts, 0.1 mm each. In making
the measurement, a cheese sample was placed on the base and the rod moved down until
the tip of the cone release button was depressed for 5 s for recording the distance in
units of 0.1 mm. The measurement was repeated three times using three different loca-
tions on the surface of a cheese sample and the average of three values was taken.

Sensory evaluation of cheese. The cheese samples were sensory evaluated accord-
ing to the score card suggested by Land and Shepherd [1988]. Samples were judged by
20 persons of the staff at the Dairy Department, NRC.

Statistical analysis. Statistical analysis was preformed using the GLM procedure
with SAS [2004] software. Duncan’s multiple comparison procedure was used to com-
pare the means. A probability to P < 0.05 was used to establish the statistical signifi-
cance.

RESULTS AND DISCUSSION

Chemical composition of milk

Table 1 shows the chemical composition of standardized buffalo milk to 3 and 1.5%
fat. It can be seen from the obtained results that the percentages of most components of
the milk are nearly the same.
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Table 1. Chemical composition of standardized fresh buffalo milk

Components, %
Fat

DM fat/DM TP TP/DM Ca Ca/DM P P/DM  acidity pH

3% 12.32 24.35 3.93 31.90 0.170 1.40 0.162 1.32 0.16 6.75
1.5% 10.85 13.83 3.94 36.31  0.171 1.58 0.163 1.50 0.16 6.74

Chemical composition of Mozzarella cheese curd

The chemical composition of buffalo Mozzarella cheese curd produced from stand-
ardized milk with 3 and 1.5% fat by using different types of coagulant is presented
in Table 2. The data revealed that, the moisture content of Mozzarella cheese curd made
by using chymosin was highest compared with calf rennet and Mucor miehei rennet.

Table 2. Effect of different coagulant on the chemical composition of Mozzarella cheese curd

Components Calf rennet Mucor miehei rennet Chymosin
% 3%F 1.5%F 3%F 1.5% F 3%F 1.5%F
DM 38.95 37.31 42.71 39.76 38.72 37.09
Fat/DM 39.28 25.20 39.30 25.15 39.25 25.07
TP/DM 51.22 65.02 51.99 65.52 50.96 65.25
Ca/DM 1.87 2.28 1.91 2.16 1.85 2.33
P/DM 1.86 2.23 1.89 2.15 1.82 231
Yield 17.94 14.98 16.20 14.04 18.34 15.12

These results are in agreement with those reported by Barabano and Rasmussen
[1992] and Dave et al. [2003] who found that, cheese made with fermented produced
chymosin contained higher moisture than cheese made from other coagulants. Table 2
revealed that fat/DM and TP/DM of curd made using the 3 different coagulants seemed
the same.

Furthermore, Table 2 shows the same trend for Ca and P/DM. It was nearly the same
in all types of cheese curd. The same table indicates that, the yield percentage of Mozza-
rella cheese curd increased in case of using chymosin compared with curd produced by
using calf rennet and Mucor miehei rennet.

These results are in line with the findings of Broom and Hickey [1990] who reported
higher cheese yields with fermented produced chymosin than other kinds of coagulants.
While Barabano and Rasmussen [1992] mentioned that the differences in cheese yield
are related to cheese moisture content and not to the coagulant.

Chemical composition of Mozzarella cheese whey and kneading water

The chemical composition of whey and kneading water of Mozzarella cheese pro-
duced by using different types of coagulants from buffalo milk standardized to milk
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3 and 1.5% fat are shown in Tables 3, 4. It was noticed that using different types of
coagulants had no effect on DM content of both whey and kneading water of Mozzarel-
la cheese made using the same level of fat percentage. Fat content of whey and knead-
ing water of all Mozzarella cheese produced using different types of coagulants was
nearly the same Tables 3, 4. Nearly the same values for TP, Ca and P of whey and
stretch water were recorded when 3 and 1.5% fat pre-cheese milk used with the three
coagulants types. These results are in agreement with those reported by Barabano and
Rasmussen [1992] who found that fat and protein loss in whey was not significantly
different for fermented produced chymosin and calf rennet.

Table 3. Effect of different coagulant on the chemical composition of Mozzarella cheese whey

Components Calf rennet Mucor miehei rennet Chymosin
% 3%F 1.5% F 3%F 1.5% F 3%F 1.5% F
DM 6.82 5.51 6.93 5.53 6.81 5.51
Fat 0.30 0.10 0.30 0.20 0.30 0.10
TP 0.43 0.41 0.44 0.42 0.43 0.35
Ca 0.05 0.04 0.05 0.05 0.04 0.04
P 0.04 0.04 0.05 0.04 0.04 0.03

Table 4. Effect of different coagulant on the chemical composition of Mozzarella cheese knead-

ing water
Components Calf rennet Mucor miehei rennet Chymosin
% 3%F 1.5% F 3%F 1.5% F 3%F 1.5% F
DM 4.17 3.90 4.27 3.95 4.13 3.90
Fat 0.20 0.1 0.20 0.10 0.20 0.10
TP 0.06 0.04 0.07 0.05 0.06 0.04
Ca 0.04 0.03 0.05 0.04 0.04 0.03
P 0.03 0.02 0.04 0.04 0.04 0.03
Salt 3.82 3.74 3.85 3.78 3.79 3.75

Chemical composition of Mozzarella cheese

From Table 5 it is clear that Mozzarella cheese produced by using different types of
coagulants showed that fat/DM%, TP/DM%, Ca/DM% and P/DM% nearly to be the
same for all cheese treatments which made from standardized buffalo milk to 3 or 1.5%
fat. Similar to the present results Sheehan et al. [2004], Sheehan and Guinee [2004],
Rudan et al. [1999], Dave et al. [2003], Oberg et al. [1992] indicated that the coagulant
type did not significantly affect cheese composition. This is contrary to the findings of
Tunkick et al. [1993] who reported a significantly lower moisture in non-fat-substance
content in low fat Mozzarella cheese manufactured with fermentation produced chymo-
sin (FPC) than in the cheese made with Rhizomucor pusillus proteinase (RPP), Crypho-
nectria parasitica or calf rennet.
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Table 5. Effect of different coagulant on the chemical composition of Mozzarella cheese

Components Calf rennet Mucor miehei rennet Chymosin
% 3%F 1.5% F 3%F 1.5% F 3%F 1.5% F

DM 44.50 43.38 46.80 43.84 44.05 43.30
Fat/DM 38.20 24.90 38.68 25.09 38.14 25.17
TP/DM 50.90 65.74 51.71 65.81 50.74 65.94
Ca/DM 1.65 1.96 1.61 1.92 1.66 2.13
P/DM 1.63 1.91 1.60 1.90 1.65 2.12
Salt 1.65 1.68 1.52 1.66 1.59 1.68
Yield 15.68 12.78 14.34 12.36 15.59 12.38

Recovery and loss of DM, fat and protein of Mozzarella cheese

Recovery of milk DM, fat and TP to both curd and cheese are presented in Table 6,
while their loss to whey and kneading water is shown in Table 7. The obtained data
showed that, the recovery of DM of both curd and cheese slightly decreases in case of
using Mucor miehei rennet, while their loss in whey and kneading water also slightly
increase, this may be due to the differences in moisture content of the cheese. These
results are in agreement with those reported by Barabano and Rasmussen [1992] they
mentioned that, there were significant differences in moisture content of the cheese
made with different coagulants. This might cause a difference in retention of whey sol-
ids in cheese made with different coagulants and create yield differences that are related
to cheese moisture content not to the coagulant.

Quality evaluated Mozzarella cheese from different milk sources Ayesha et al.
[2008], Ahmed et al. [2008] they indicated that buffalo milk is richer in fat and protein
especially casein and casein is the major constituent that influences the cheese yield and
chemical composition.

The recovery of fat, TP to both curd and cheese and their loss to whey and kneading
water is nearly the same when using the same standardized milk. Protein losses during
cheese making can occur by two mechanisms, loss of soluble casein proteolysis prod-
ucts and loss of curd fines. In the present study, curd fines were collected during whey

Table 6. Recovery of dry matter, fat and protein in Mozzarella cheese as affected by application
of different types of coagulant

Calf rennet Mucor miehei rennet Chymosin
Compo-
nents 3% 1.5% 3% 1.5% 3% 1.5%

%

’ curd cheese curd cheese curd cheese curd cheese curd cheese curd cheese
DM 56.72 55.01 51.51 50.10 56.10 5424 56.40 49.14 55.16 56.69 51.68 49.94
Fat 91.49 89.85 93.87 90.02 91.72 90.14 93.60 90.14 89.94 91.40 93.74 89.96
TP 91.37 90.17 92.17 90.51 91.51 89.99 92.82 90.50 90.12 91.50 92.87 89.71
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Table 7. Losses of dry matter, fat and protein in Mozzarella cheese as affected by application of
different types of coagulant

Calf rennet Mucor miehei rennet Chymosin
Compo- 3% 1.5% 3% 1.5% 3% 1.5%
nents
% knead- knead- knead- knead- knead- knead-
whey ing whey ing whey ing whey ing whey ing whey ing

water water water water water water
DM 3346 11.53 36.19 1340 3390 11.86 37.26 13.60 11.41 1141 36.66 13.40
Fat 750 270 865 133 706 280 853 133 736 270 871 1.33
TP 921 062 893 056 934 067 885 065 927 061 973 0.56

and were added back to the curd. Therefore, difference in protein losses reported in the
present study should reflect loss of soluble casein proteolysis products. Barabano and
Rasmussen [1992] found that, when fermentation produced chymosin, calf rennet and
adult bovine rennet were compared; there were no significant differences between coag-
ulants for protein recovery in the whey and cheese.

Soluble nitrogen (SN) content
Soluble nitrogen content of Mozzarella cheese made from standardized milk con-
taining 3 or 1.5% fat is presented in Table 8. It is clear that, the soluble nitrogen of all

cheeses increased with increasing the storage period.

Table 8. Effect of coagulants types on soluble nitrogen and total volatile free fatty acids of Moz-
zarella cheese during storage for 4 weeks at 4°C

Storage Calf rennet Mucor miehei rennet Chymosin
Properties period
weeks 3%F 1.5%F 3%F 1.5%F 3%F 1.5%F
Soluble nitro- fresh 0.135% 0.214% 0.144 0.245% 0.140% 0.230%
gen, % . . b , b ,
1 0.162° 0.225° 0.226 0.250° 0.216 0.242°
2 0.210° 0.248° 0.252° 0.284° 0.238° 0.254°
3 0.245° 0.262° 0.286° 0.322° 0.254° 0.278°
4 0.268° 0.284° 0.318° 0.348° 0.288° 0.311°
T.V.EA. fresh 3.0 2.0 3.10% 2.025 3.40% 3.00%
1‘1’11 01 N a a a b a a
NaOH/100 gm 1 4.0 3.14 4.0 3.19 4.60 3.42
cheese 2 6.30° 3.69* 6.46° 3.70° 8.0° 436
3 8.52° 6.28° 8.37° 6.24° 8.70° 6.82°
4 12.54° 10.92° 12.55° 10.88° 12.98° 10.52°

Dissimilar superscripts in the same row (for treatments) and the same column (for storage periods) are
significantly different (p < 0.05). Each value is a mean of 3 replicates.
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It could be seen from the previous table that the increasing rate of the soluble nitro-
gen in case of using Mucor miehei rennet in Mozzarella cheese making was higher
compared with that made from the other types of coagulants. The increasing of soluble
nitrogen content in case of using M. miehei rennet was due to the inactivation of the
other types of coagulants during the stretching, while Mucor miehei rennet stills active.

In accordance with our results Dave et al. [2003] found that, when low moisture
part-skim (LMPS) Mozzarella cheeses were made with single culture (SC) of Strepto-
coccus thermophilus or mixed culture (MC) of Streptococcus thermophilus and Lacto-
bacillus helveticus using coagulants chymosin or Cryphonectria parasitica (CP).
Cheeses were analysed for total solids, fat, protein, ash, salt, and calcium on day 1.
Changes in melt characteristics and proteolysis during storage (4°C) were monitored on
1, 7, 15, and 30 days. After 30 days storage, melt area increased only by approximately
2 times in cheeses made with SC as against 3-4 times in the cheeses made with MC.
Soluble nitrogen was also higher in MC cheeses as compared to those made using SC
only.

The statistical analysis of obtained results showed that, the soluble nitrogen content
was highly significant affected by the storage period (F = 249). While coagulants types
had highly significant effect on soluble nitrogen content in original milk used on cheese
soluble nitrogen content (F = 181). Moreover, the influence of storage period and fat
content in the original milk interaction with using different types of coagulants on the
soluble nitrogen had a highly significant effect (F = 546).

Electrophoresis patterns of cheese

The slab gel electrophoresis patterns of Mozzarella cheese during 4 weeks of refrig-
erated storage at 4°C are shown in Figure 1 A and B zone one contains asl- and os2-
-caseins and zone two contains B-casein. Proteolytic breakdown products of as- and B3-
-casein are shown as new bands which showed faster movement than the original bands.
The amount of asl- and as2-caseins as a percentage of total casein fractions decreased
for all cheeses during refrigerated storage which may be due to the photolytic enzymes
came from the bacterial cultures used in cheese making. The effect of coagulants types
on the breakdown of the protein was not clear in case of using calf rennet and chymosin,
while was clear in case of using, M. miehei rennet and could be attributed to the high
heat treatment used in stretching. These results are in line with the finding of Fox [1993]
who mentioned that, the protease from M. miehei was the most heat stable followed in
order by M. pusillus protease, calf rennet, bovine pepsin, E. parasitica protease and
porcine pepsin. These results are in agreement with those reported by Dave et al.
[2003]. The degradation of total as-casein was higher in the chymosin cheeses and that
of B-casein in the Cryphonectria parasitica (CP) cheeses. After 30 d storage, the highest
percentage breakdown of oas-casein was approximately 75% in cheeses made with
mixed culture (MC) using chymosin and that of B-casein was approximately 50% in
cheese samples prepared with MC coagulant from Cryphonectria parasitica. Meltability
of Mozzarella cheese was better correlated to hydrolysis of B-casein and was compara-
ble to soluble nitrogen but least to as-casein.

Di-Matteo et al. [1982], Farkye et al. [1991], Yun et al. [1993 b] who pointed that,
the residual coagulant activity in Mozzarella cheese was demonstrated by either
a decrease in intact casein content or an increase in soluble nitrogen content. Also,
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Fig. 1. The eletrophoresis gel of Mozzarella cheese made using (1) calf rennet, (II) chymosin and
(III) Mucor miehei rennet. A — 3% fat and B — 1.5% fat. Zone one — as-casein and zone
two — B-casein

Creamer [1976] observed a slower rate of casein degradation in Mozzarella cheese than
in Cheddar or Gouda and suggested that it may have been due to the high temperature
used during stretching. Also, the effect of the coagulant types on the breakdown of
B-casein is not clear. Yun et al. [1993 a] mentioned that, B-casein in cheese made with
CDF and M. miehei protease remained relatively constant during refrigerated storage.
However, 3-casein in cheese made with E. parasitica protease decreased significantly.

Total volatile free fatty acids (TVFA) content

Variations in total volatile free fatty acids of Mozzarella cheese made from standard-
ized buffalo milk to 3 or 1.5% fat with using different types of coagulants are illustrated
in Table 8.

The statistical analysis of the obtained results indicated that, the TVFA content of
cheese was highly significantly affected by the storage period (F = 807.91) and fat con-
tent of cheese (F = 194.73). Moreover, no significant effect could be seen by the actions
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of coagulants types on TVFA (F = 0.72). Furthermore, a significant influence was ob-
served on the TVFA of Mozzarella cheese by the interaction between the storage period,
fat content and the coagulant types (F = 2.01).

Soluble tyrosine and tryptophan contents

Soluble tyrosine and tryptophan expressed as mg/100 gm cheese are mentioned
in Table 9. Soluble tyrosine and tryptophan considered good indicators for cheese ripen-
ing during the storage period. The cheese content of tyrosine and tryptophan showed
the same trend during the storage period it could be noticed that they elevated with
the increasing of the storage period and decreased with increasing the fat content in the
original milk used. The rate of elevation in case of using M. miehei rennet was higher
compared with the other types of coagulants because M. miehei rennet remains active
when exposing to high temperature, than the other types.

Table 9. Effect of coagulants types on soluble tyrosine and soluble tryptophan of Mozzarella
cheese during storage for 4 weeks at 4°C

Storage Calf rennet Mucor miehei rennet Chymosin
Properties period
weeks 3%F 1.5%F 3%F 1.5%F 3%F 1.5%F
Soluble tyrosine  fresh 3.62* 4.24% 3.68% 5.95% 3.65% 5.56%
mg/100 g cheese
8.92% 9.79* 9.76* 11.89° 8.99* 11.32°
2 18.75° 20.26 20.41° 23.21b 18.82° 22.18°
3 40.87° 44.30° 54.32° 56.45° 44.84° 45.74°
4 52.21° 56.88° 60.85° 68.74° 56.40° 59.95¢
Soluble fresh 1.64% 1.89% 1.92% 2.20% 1.72% 2.04%
tryptophan a a a a a a
mg/100 g cheese 1 5.26 6.62 6.87 8.21 5.64 7.86
2 12.64° 15.28° 14.47° 17.18 12.82° 16.74°
3 25.86° 30.18° 27.38° 33.37° 26.08° 32.12°
4 37.87° 43.11° 39.74° 46.76° 37.97° 44.78°

Dissimilar superscripts in the same row (for treatments) and the same column (for storage periods) are
significantly different (p < 0.05). Each value is a mean of 3 replicates.

The statistical analysis of results indicated a higher significant effect of storage peri-
od (F = 243.81), (F = 457.11), fat content of the original milk used (F = 180.2), (F =
860.12) and coagulant types (F = 156.2), (F = 46.25) on the cheese tyrosine and trypto-
phan contents respectively. Furthermore, the interaction between storage period, fat
content and coagulant types was highly significant affected both soluble tyrosine and
tryptophan contents (F = 103.64), (F = 24.4) respectively.
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Acid and pH values

Table 10 shows the acidity and pH values of Mozzarella cheese made from standard-
ized buffalo milk to 3 or 1.5% fat using different types of coagulants.

Table 10. Effect of coagulants types on the acidity and pH value of Mozzarella cheese during
storage for 4 weeks at 4°C

Storage Calf rennet Mucor miehei rennet Chymosin
Properties period
weeks 3%F 1.5%F 3%F 1.5%F 3%F 1.5%F
Acidity, % fresh 0.64 0.70 0.68 0.74 0.66 0.72
1 0.66 0.72 0.74 0.78 0.70 0.74
2 0.68 0.74 0.78 0.82 0.72 0.76
3 0.70 0.76 0.84 0.80 0.74 0.78
4 0.74 0.78 0.90 0.84 0.78 0.80
pH fresh 53 53 53 53 53 53
1 5.2 5.2 5.10 5.0 5.2 5.1
2 5.1 5.0 4.80 4.65 5.0 4.8
3 4.8 4.8 4.6 4.40 4.7 4.6
4 4.4 4.60 4.00 4.00 425 4.4

It is clear from the obtained data that, the acidity increasing and pH value decreased
with the progressing of the storage period of all treatments. The types of coagulants had
no effect on the development of the acidity and decreased pH value due to the high
temperature used during stretching, and the changes of the obtained data caused by the
action of the bacterial cultures used. The fore-mentioned data showed that, high fat
cheese had lower acidity and higher pH value compared with that made low fat milk
(1.5%). These results are in line with the finding reported by Patel et al. [1986] who
mentioned that, high fat Mozzarella cheese was found to have lower acidity and higher
pH than those from low fat cheese.

Fat leakage and oiling off

The fat leakage and oiling off of Mozzarella cheese prepared from standardized buf-
falo milk 3 or 1.5% fat using different types of coagulants are presented in Table 11.
It was clear that, a direct relation was found between both fat leakage and oiling off of
cheese on the one hand and fat content of the original milk used in cheese making
on the other hand. The effect of coagulants types on fat leakage and oiling off was ne-
glected because of the high temperature used during stretching. Matheson [1981] found
that, residual rennet is not active in Mozzarella cheese owing to the high cooking tem-
perature.

The data revealed that fat leakage and oiling off of all the treatments increase during
the storage period at 4°C with sharp increases in the first 2 weeks. These results are
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Table 11. Effect of coagulants types on fat leakage and oiling off of Mozzarella cheese during
storage for 4 weeks at 4°C

Storage Calf rennet Mucor miehei rennet Chymosin
Properties period
weeks 3%F 1.5%F 3%F 1.5%F 3%F 1.5%F
Fat leakage, cm®>  fresh 66.24" 45.68% 67.42% 45.32% 67.86™ 46.90%
1 89.10° 52.62° 90.82° 52.80° 89.64° 69.72°
2 93.88° 68.10° 94.41° 69.64° 94.62° 70.98°
3 96.46" 71.82° 97.48" 72.43¢ 97.80° 74.88°
4 102.12° 74.74° 103.63¢ 76.45° 106.34° 79.70°
Oiling off, % fresh 3.5% 0.5% 3.4M 0.6 3.6M 0.55
1 5.5° 1.0° 5.5° 1.1° 5.6° 1.1°
2 7.7 1.5° 7.8 1.5° 7.7 1.4°
3 8.0° 1.6° 8.7° 1.6° 8.4° 1.6°
4 9.5° 1.8° 9.6° 1.9¢ 10.0° 1.8

Dissimilar superscripts in the same row (for treatments) and the same column (for storage periods) are
significantly different (p < 0.05). Each value is a mean of 3 replicates.

in agreement with those reported by Fox [1993] who mentioned that, free oil formation
showed characteristic pattern of change during aging, with a sharp increase in the first
1-2 weeks followed by a gradual increase thereafter. Also, the data revealed that, fat
content of the original milk used had a high effect on the fat leakage and oiling off of
the cheese. Fox [1993] maintained it was obvious that, fat content is a strong determi-
nant of oiling off, as indicated from surveys of commercial Mozzarella cheese. He men-
tioned also that, cheese with high F/DM tended to yield high free oil levels as measured
by the disk fat leakage test or the centrifugal free oil test.

The statistical analysis of the results showed that, both fat leakage and oiling off of
Mozzarella cheese was highly significantly affected by the fat percentage in the initial
milk used (F = 80.64) (F = 90.41). Also, the storage period showed a highly significant
effect on the fat leakage and oiling off of Mozzarella cheese (F = 33.43) (F = 27.08).
These influences of interaction of fat percentage of the original milk used and the stor-
age period had a significant effect (F =2.29) (F = 2.54).

Meltability

Meltability of Mozzarella cheese made from standardized buffalo milk 3 or 1.5% fat
using different types of coagulants are shown in Table 12. The meltability of Mozzarella
cheese either by disc or by tube methods grew with increasing of the storage period.
Although, many investigations showed that, the increase in meltability of the cheese
made using chymosin increased with faster rate during storage compared with the other
types of coagulants. In our study, the meltability increased with storage time in case of
using M. miehei rennet than calf rennet and chymosin because, the residual coagulant
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Table 12. Effect of coagulants types on the meltability by of Mozzarella cheese during storage for

4 weeks at 4°C
Storage Calf rennet Mucor miehei rennet Chymosin
Properties period
weeks 3%F 1.5%F 3%F 1.5%F 3%F 1.5%F
Meltability, mm  fresh 0.0 0.0 104 480 0.0 0.0
tube method
(o )y 58° 50° 720 64° 60 58°
2 76 60° 92° 77° 78 68
3 82° 700 106° 89° 85¢ 78°
4 112¢ 78° 134° 100° 116° 86°
Meltability, cm*  fresh 15.11% 8.785¢ 20.43% 9.885 17.60* 9.125
(disc method) b b b b b
1 20.24 8.89° 36.62 11.24 25.81 10.42%
2 25.30° 12.23° 42.81° 14.87° 31.64% 13.42°
3 30.85° 19.48° 48.67° 23.25° 34.62° 21.86°
4 41.68° 24.85° 54.88° 26.81° 45.73° 25.97°

Dissimilar superscripts in the same row (for treatments) and the same column (for storage periods) are
significantly different (p < 0.05). Each value is a mean of 3 replicates.

retained in the cheese inactivated by temperature and pH that occurred during cheese
making in case of using calf rennet and chymosin. These results are in line with the
findings of Dave et al. [2003] who showed that Melt characteristics of 7 days cheeses
prepared with mixed culture (MC) almost corresponded to those of 30 days cheeses
made with single culture (SC), suggesting faster ripening and increase in melt of chees-
es made with MC. Oberg et al. [1992] mentioned that stretch and melt of direct acidifi-
cation of Mozzarella cheese vary with choice of enzyme. Kindsted [1993] reported that,
in Mozzarella cheese, coagulant had been widely reported to be fully inactivated high
temperature during stretching. Fox [1993] found that, the protease from M. miehei was
the most heat stable followed in order by M. Pusillus protease, calf rennet, bovine pep-
sin and porcine pepsin. Also, he mentioned that the native protease from M. miehei and
M. Pusillus are rather thermo stable at pH 5.9-6.6. Abu-Alruz et al. [2009] showed that
use of proteolytic enzymes to induce meltability and stretchability of Nabulsi cheese
was proved to be an efficient method. The meltability and stretchability of Nabulsi
cheese treated with papain were still excellent after 4 weeks of storage than the after
coagulant enzyme.

The meltability of Mozzarella cheese made from pre-cheese milk 3% fat was higher
than that made from 1.5% fat. Patel et al. [1986], Tunkick et al. [1991], Sundar and
Upadhyay [1992] found that, the high fat cheeses had significantly higher meltability
which attributed to initially higher fat content in cheese milk resulting in cheese with
low viscosity or with soft texture, thus rendering it more meltable both horizontally and
vertically.

The statistical analysis of the obtained results showed a highly significant effect
on the cheese meltability either when disc or tube methods was applied (F = 2468.6 and
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457.1 for disc and tube test respectively). Also, the storage period was found to be high-
ly significant and affected the meltability of Mozzarella cheese (F = 1684.2 and 46.2
for disc and tube test respectively). Moreover, the inter action of fat content of the origi-
nal milk used with storage period and coagulants type significant was (F = 2.19 and
2.44 for disc and tube test respectively).

Firmness

Mozzarella cheese firmness values made from standardized buffalo milk 3 or 1.5%
fat using different types of coagulants are shown in Table 13. The data obtained re-
vealed that, the firmness of the cheese when fresh and after storage period at 4°C de-
creased with increasing the fat content of the original pre-cheese milk used. Also, the
data showed that, Mozzarella cheese made using M. miehei rennet, obtained the highest
firmness compared with those made using calf rennet or chymosin. These results are
in agreement with those reported by Walstra and Jenness [1984] who stated that, in-
creasing the fat content gives a weaker gel because of the reduced level of gel forming
protein and a physical interference of the fat globules with protein net work.

Table 13. Effect of coagulants types on the firmness* of Mozzarella cheese (as penetration dis-
tance in mm) during storage for 4 weeks at 4°C

Storage period Calf rennet Mucor miehei rennet Chymosin
weeks 3%F 1.5%F 3%F 1.5%F 3%F 1.5%F
Fresh 68" 565 64" 528 65 558
1 65° 50° 61° 48° 62° 50°
2 60° 48° 55° 44° 57° 46°
3 52° 44° 48° 40° 50° 42°
4 45° 40° 40° 34° 44° 38°

*The higher record the less firmness.
Dissimilar superscripts in the same row (for treatments) and the same column (for storage periods) are
significantly different (p < 0.05). Each value is a mean of 3 replicates.

The statistical analysis of Mozzarella cheese firmness showed that, the firmness of
Mozzarella cheese was highly significant affected by the fat content of the original milk
used (F = 457.1). Furthermore, the storage period of Mozzarella cheese had a highly
significant influence on the firmness (F = 46.25). Moreover, the interaction between
pre-cheese milk fat, storage period and coagulants types had a significant influence
on the firmness of Mozzarella cheese (F = 2.44).

Sensory evaluation

The Sensory evaluation of Mozzarella cheese made from standardized buffalo milk
to 3 or 1.5% fat with different types of coagulants are presented in Table 14. The flavour
of all cheese is nearly the same at the same level of the fat in the initial milk used when
fresh, while the appearance records increased with decreasing the fat content of the
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Table 14. Effect of coagulants types on the sensory evaluation of Mozzarella cheese during stor-
age for 4 weeks at 4°C

Storage Calf rennet Mucor miehei rennet Chymosin

Sensory evaluation period
weeks 3%F 1.5%F 3%F 1.5%F 3%F 1.5%F

Flavour (50) fresh 36 34 37 35 37 35
Body and texture (35) 23 20 22 19 23 19
Appearance (15) 13 14 13 15 13 15
Total (100) 72% 68> 72% 69" 734 69>
Flavour (50) 1 37 35 38.5 355 38 36
Body and texture (35) 24 21 24 21 24 20
Appearance (15) 11 13 12 14 11 13.5
Total (100) 72* 69" 74.5° 70.5* 73" 69.5°
Flavour (50) 2 38 36 40 37.5 39 37
Body and texture (35) 26 22 27 24 25 22
Appearance (15) 10 12 11 13 10 12
Total (100) 74° 70% 78° 74.5° 74 71°
Flavour (50) 3 39 37 42 40 40 37
Body and texture (35) 28 24 29 27 26 23
Appearance (15) 9.5 11 10 12 9.5 11
Total (100) 76.5° 72° 81¢ 79¢ 75.5° 72¢
Flavour (50) 4 41 38 45 42 41 39
Body and texture (35) 29 25 31 30 27 24
Appearance (15) 9 10 8 9 9 10
Total (100) 79° 73° 84° 81° 77° 73°

Samples were judged by 20 persons of the colleague staff members.

original milk used. The body and texture values of the cheese increased with the fat
content of the initial milk used. Also, the flavour records of all cheese increased during
the storage period, this increase can be attributed to the proteolysis of the cheese curd.
The rate of increasing flavour score in case of Mozzarella cheese made by using
M. miehei rennet was higher compared with that made by using calf rennet and chymosin.

The statistical analysis variance of Mozzarella cheese showed that, the flavour of the
cheese was highly significant effected by the fat content of the original milk used (F =
16.66). While the storage period was found to be highly significant effected the flavour
of Mozzarella cheese (F = 3.65). Furthermore, the cheese flavour was found be signifi-
cant effected as a result of the interaction between the fat content of the original milk
used, storage period and coagulants types (F = 2.65).

Body and texture of Mozzarella cheese tended to improve with increasing of the
storage period. It was cleared from the obtained data, the rate of improving in body and
texture was higher in Mozzarella cheese made by using M. miehei rennet compared with
the other type’s coagulant and this could be attributed to the heat resistance of M. miehei
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enzymes during stretching which remained active during the storage period at 4°C for
4 weeks.

The statistical analysis of the results showed that, body and texture of the cheese
were highly significant affect by the fat content of the initial milk used (F = 19.2).
While the storage period was found to be highly significant and affected the body and
texture of Mozzarella cheese (F = 30.00). Moreover, the influence of fat percentage
in the original milk used interacted with the storage period and coagulant types on the
body and texture had a significant effect (F = 2.48). The same table shows the appear-
ance score of the cheese with increasing the storage period at 4°C.

The statistical analysis showed that, the appearance score of Mozzarella cheese
when fresh was highly significant and affected by the fat percentage of the initial milk
used (F =19.24.71). Also, the storage period was found to be highly significant affected
the appearance records of Mozzarella cheese (F = 21.83). Furthermore, the influence of
the interaction between the fat percentage of the initial milk used, storage period and
type coagulants on the appearance had a significant effect (F = 2.38). It could be seen
that the total scores of Mozzarella cheese made using M. miehei rennet either when
fresh or after storage period for 4 weeks at 4°C gained the highest score. Also, the total
scores increased during the storage period for all treatments.
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WELASCIWOSCI SERA MOZZARELLA Z MLEKA BAWOLEGO
W ZALEZNOSCI OD RODZAJU UZYTEGO KOAGULANTU

Wstep. Ser mozzarella nalezy do najpopularniejszych serow podpuszczkowych migkkich
bez skorki. Przyczynami jego rozpowszechnienia, a tym samym podejmowania badan, sa
nie tylko walory smakowo-zapachowe i warto$¢ odzywcza, ale przede wszystkim wartos¢
funkcjonalna i uzytkowa. Celem pracy byta ocena jakosci $wiezego i przechowywanego
sera mozzarella z mleka bawolego oraz powstatej po jego wygniataniu serwatki i wody
w zalezno$ci od uzytej podpuszczki.

Material i metody. Mozzarellg zrobiono z wystandaryzowanego mleka bawolego zawie-
rajacego 3 i 1,5% ttuszczu. Efekt koagulacji mleka uzyskano z uzyciem podpuszczki cie-
lecej, chymozyny otrzymanej na drodze fermentacji i podpuszczki mikrobiologicznej
otrzymanej z Mucor miehei. Poddano analizie mleko, mleko ukwaszone, wode po wy-
gniataniu i gotowy ser. Do rozdzialu biatek kazeinowych zastosowano metode elektrofo-
rezy ptytowej. Uzyskane wyniki poddano analizie statystyczne;j.

Wyniki. Wigkszy byt odzysk suchej substancji w serze otrzymanym z wykorzystaniem
podpuszezki mikrobiologicznej Mucor miehei, mimo zawartos$ci ogoélnej biatka i thuszczu
takiej samej jak w pozostatych serach. Wraz z wydtuzeniem czasu przechowywania do-
szto do zwigkszenia ilo$ci azotu rozpuszczalnego, rozpuszczonej tyrozyny i tryptofanu.
Zaobserwowano wzrost zawarto$ci azotu rozpuszczalnego w serze otrzymanym z uzy-
ciem podpuszczki Mucor miehei w porownaniu z pozostatymi serami, w ktoérych zawar-
to$¢ wolnych kwasow ttuszczowych rosta z zawartoscia ttuszczu w mleku przerobowym.
Rozplywalno$¢ seréw zwigkszata si¢ wraz z wydluzaniem czasu przechowywania. Rodzaj
uzytego enzymu koagulujacego nie miat wplywu na rozptywalnos¢ serow i wyciek frakeji
olejowej.

Whioski. Ser mozzarella robiony z wykorzystaniem podpuszczki z Mucor miehei uzyskat
wigksza zwigzlo$¢ w pordwnaniu z serami otrzymanymi z uzyciem chymozyny z proce-
s6w fermentacyjnych i podpuszczki cielecej. Wyniki oceny smaku, wygladu oraz parame-
trow tekstury polepszyly si¢ wraz z wydluzeniem czasu przechowywania i jednocze$nie
byty lepsze dla sera uzyskanego z udziatem podpuszczki mikrobiologicznej Mucor mie-
hei. Natomiast pozadalnos$¢ ich wygladu zmniejszyta si¢ z wydtuzeniem okresu przecho-
wywania w 4°C.

Stowa kluczowe: ser mozzarella, mleko bawole, jako$¢, podpuszczka
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