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ABSTRACT 

 
This study was carried out to improve the functional properties of low fat 

mozzarella cheese and to extend its shelf-life via the use of exopolysaccharides 
(EPS) producing starter  cultures and different freezing conditions. Conventional 
starter culture consisting of both non EPS producing S. thermophilus St CH-1 in 
association with L. helveticus  Lh CH-5 with or without fat replacer (Simplesse.S-100), 
and two EPS-producing strains of S. thermophilus SFi-12 and SFi-39, each in 
combination with non-EPS L. helveticus  Lh CH-5 were used in manufacture of low fat 

Mozzarella cheese. The resultant cheeses were ripened at 4ºC for 28 days 
(refrigerated cheese).  

The results obtained indicated that cheeses made with EPS-producing S. 
thermophilus  had significantly(p< 0.05) higher level of moisture and moisture in non 

fat substances (MNFS) as compared with non-EPS cheeses with or without  
simpelesse when fresh or during the refrigerated storage period. In addition, the 
meltability and fat leakage values of EPS-cheeses were the highest among all 
experimented cheeses. However, the cheese made with EPS (SFi-39) exhibited the 
lowest  apparent viscosity (AV). Statistical analysis showed that meltability, fat 
leakage and AV were significantly affected by type of EPS culture (p < 0.001), 
ripening period (p < 0.001) and their interactions (p < 0.001 for meltability, p < 0.05 for 
fat leakage and AV). 

 As Mozzarella cheese is considered short storage lives, a freezing  scheme 
was designed to study its effect on the functional properties and shelf-life of the 
resultant cheese. The freezing schemes for the above experimental EPS and non 
EPS cheeses were as follows: a) Cheese ripening for 14d at 4ºC before freezing at -
20ºC for 60 days, then again ripening at 4ºC for 14d., and b) Cheese freezing 
immediately after manufacturing at -20ºC for 60 days then ripening at 4ºC for 28d.  

The results obtained indicated that frozen EPS cheeses retained the highest 
MNFS and TA at the end of frozen schemes (88d). Meltability and fat leakage of 
experimented frozen cheeses have  increased upon ripening at two stages (before 
and after freezing) or one stage (after freezing). AV of frozen Mozzarella cheeses was 
fluctuated during freezing and ripening schemes. 

 Regarding the microstructural properties of non EPS and EPS experimented 
cheeses, Scanning electron micrographs   (SEM) of the refrigerated cheeses (28d) 
showed that, the EPS-cheese was porous and had an open texture with numerous 
voids, whereas the non EPS cheeses had a closed and compact protein matrix. There 
were no  marked differences between the microstructure of all refrigerated  and frozen 
cheeses, which had a large voids in the cheese matrix.  

The obtained results confirmed that EPS-producing S. thermophilus  can be 
utilized to significantly increase  cheese moisture content and  to improve the texture 
and microstructure characteristics of resultant low fat Mozzarella cheese. In addition , 
freezing is a suitable alterative to prolong stability and shelf-life of low fat Mozzarella 
cheese without modifying  its functional properties.     
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INTRODUCTION 

 
Mozzarella cheese has with some justification, been called the glamour 

cheese of the 20th century. The pizza industry has played a major role in the 
dramatic rise in Mozzarella cheese production in the world. Nowadays, 
Mozzarella cheese become in great demand in Egypt, because of the wide 
spread of the fast food restaurants that deliver pizza. Additionally, the 
educational revolution brought a mass number of students to the school and 
universities who prefer pizza as a fast complete meal. 

In recent years, consumer demand for low fat foods has created 
interest in the development and manufacture of low fat Mozzarella cheese 
(Merril et al., 1994; Mistry et al.,, 1993; Oberg et al.,1996; Tunick et al., 1991 
and Broadbent et al., 2001). But removal of fat from Mozzarella cheese 
affects several physical properties of the cheese  especially melting capacity, 
stretchability, elasticity and free oil formation. Specifically resulted Mozzarella 
cheese becomes tough and rubbery, more heat is required for melting, and 
the cheese loses pliability rapidly during cooling (Mistry and Andrerson, 
1993).  

It was also established that these properties are heavily influenced by 
cheese moisture level (McMahon and Oberg, 1998). Examination of cheese 
microstructure shows that in full fat or part-skim Mozzarella cheese, much of 
the water is contained in channels formed in the protein matrix by entrapped 
fat  globules (McMahon et al.,1993; Oberg et al., 1993). Because there are 
very few fat globules to break up the protein matrix in low fat Mozzarella, 
these channels become much narrower with less space available for water 
retention. This results in cheese with a lower moisture level (Oberg et al., 
1993) and subsequently, a tough, rubbery texture and poor melt and stretch 
properties (McMahon and Oberg, 1998). 

Since, exopolysaccharides (EPS) have excellent water-binding 
properties, and moisture retention are vital to functionality in low fat cheese, 
McMahon and Oberg (1998) and Perry et al., (1997) investigated the 
influence  of an EPS-producing starter pair  S. thermophilus MR-1C and L. 
bulgaricus MR-1R on the moisture and melt properties of low fat (6%) 
Mozzarella cheese. As predicted, low-fat Mozzarella cheese manufactured 
with MR-1C and MR-1R contained significatntly (P<0.05) more moisture and 
had better melt properties than cheese made with an EPS- commercial starter 
pair (S. thermophilus TAO61 and Lactobacillus helveticus LH100).  

Moreover, the instability of some physical properties such as melting 
capacity and stretchability and the seasonality of milk production have led 
large-scale consumers and producers to freeze the cheese for storage 
(Alvarez, 1986; Pilcher and Kindstdt, 1990). The low temperatures suspend 
or reduce biochemical modifications which would occur during freezing 
storage. 

 Few studies have been carried out to investigate the effects of 
freezing and conditions of thawing on Mozzarella cheese. In studies 
conducted with Mozzarella, immediately after thawing, the cheese showed 
high fat leakage, low cohesiveness, free-surface moisture, bleached 
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discoloration and poor melting (Dahlstrom, 1978). All these alterations were 
reverted after 3 wk of refrigerated storage at 4.4 ºC. Tunick et al., (1991) 
froze Mozzarella cheese at –20 ºC for 8 wk. After thawing, they tempered the 
cheeses at 4ºC for 3 wk. and they observed that a greater melting capacity 
than that of the nonfrozen control. Bertola et al., (1996) reported that frozen 
Mozzarella produced with a thermophilic starter, and subsequently tempered 
for 14 to 21 days at –20 ºC, showed the same quality as refrigerated cheese.  

Evaluation of the extent of physical changes caused by freezing of 
Mozzarella is needed and this could contribute to a better understanding of 
changes occurring during refrigerated and frozen storage. Therefore, the 
objective of this study was to evaluate and compare effects of 
exopolysaccharides-producing strains of S. thermophilus and storage 
conditions (refrigerated and frozen stortage) on functional and microstructural 
properties of low fat Mozzarella cheese with and without adding fat replacer. 
 

MATERIALS AND METHODS 
 
Materials: 
Milk: fresh cow’s milk was obtained from the herd of the Faculty of 
Agriculture, Cairo University, Giza, Egypt. 
Starter cultures: Four strains of thermophilic cheese cultures were used in 
this study. Two lyophilized non-EPS-producing cheese cultures (S 
thermophilus St CH-1 and L. helveticus CH-5) were obtained from Chr. 
Hansens, Denmark. Two lyophilized EPS-producing cheese cultures (S 
thermophilus SFi-12 and SFi-39) were obtained from Nestle Research 
Centre, Switerland. 
Fat replacers: Simplesse® S100 based on whey proteins was obtained from 
Nutrasweet Co., Deerfield, II, USA. 
Cheese Making: Fresh cow’s milk standardized to a casein/fat ratio 3.5 was 
used for making low fat Mozzarella cheese according to the method of Merril 
et. al., (1994). Standarized milk was preacidified to pH 6.0 using diluted 
acetic acid (1:10 v/v) and devided into equal four portions (45 kg each), in the 
first portion regular starter culture consists of non EPS-producing S 
thermophilus (St CH-1) and L. helveticus (Lh CH-5) was added at the rate of 
3% (v/v) (2% St CH-1 + 1% Lh CH-5,v/v). A starter culture of non-EPS 
producing culture of Lh CH-5 with each one of the EPS-producing cultures of 
SFi-12 and SFi-39 was separately added to the second and thired portions at 
the rate of 3% each. The remained fourth portion was mixed with 0.1% 
Simplesse S-100 (protein-based fat replacer) at 4ºC and vigorously agitated 
for 2 min and milk was then tempered to 34ºC and inoculated with regular 
starter culture (2% St CH-1 and 1% Lh Ch-2). After 30 min of ripening, 90 ml 
of standardized diluted calf rennet were added to each of the four portions. 
The cheese curds were cut 10 min after rennet addition using 1.9 cm knifes. 
Curd particles were left undisturbed for 15 min, followed by 30 s of gentle 
agitation every 15 min. The temperature of all curd particles from the four 
treatments was raised to 40ºC over 10 min with periodic gentle agitation. 
Then whey was drained at pH 6.0 and the curds were hand-cheddared 
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(turning every 20 min) at 40 ºC until the curd pH reached 5.2. Curds were cut 
and salted with 1% (w/w) of dry salt. At pH 5.2, the curd was hand-stretched 
in 5% hot brine solution  (80ºC) until elastic and smooth mass was attained. 
The curds were then immersed in ice bath for 1 h. Blocks of resulted cheese 
were vaccum-packaged. Three replicats were made for each control and 
experimental cheeses on 3 separate days. Each of the four cheeses 
produced was randomly divided into 3 parts, each one part being subjected to 
the following treatments: i- maintained under refrigeration at 4ºC for 28 days; 
ii-frozen at –20 ºC for 2 months, then tempered at 4ºC for 28 days;  iii- 
tempered for 14 days at 4ºC, then frozen at –20 ºC for 2 mon., again 
tempered at 4 ºC for 14 days to complete their ripening period. 
 
Analytical methods: For all analysis, except meltability, the cheese samples 
were ground in a blender to provide a particle size of about 2-3 mm. All 
analysis were done in triplicates. 
 
Chemical analysis: Moisture, titratable acidity, total nitrogen (TN) and fat 
contents were determined according to the method mentioned by Ling 
(1963). pH-values were measured using an electric pH-meter (model Jenway 
3305, England). Salt content was determined by the IDF method (1972). 
Calcium content was determined by the method of Natailianas and Whitney 
(1964) using calcein as an indicator. 
 
Meltability tube test: The meltability of cheese samples was examined using 
tube test as described by Olson and Price (1958) which Modified by Rayan et 
al., (1980). 

A Pyrex glass tube 30 mm diameter and 250 mm length was used to 
hold the cheese during the test. One end of the tube was closed with a rubber 
stopper and the other end was covered with aluminum foil. A cylinder shape 

cheese sample (15 g  0.2) was placed in the tube and a reference line was 
marked on the tube aligned with the front edge of the cheese cylinder. 
Melting tubes were placed in a horizontal position in an oven at 110 ºC for 30 
min. The distance between the reference line and the end line of flow (leading 
edge) of the melted cheese was recorded in mm as cheese meltability.  
 
Free oil formation: The amount of free oil released from Mozzarella cheese 
during melting was measured using fat leakage test as described by Bertola 
et al.,, (1996).  

Cheese disks (25-mm in diameter x 5-mm thick) were cut from the 
inside of cheese sample. the teat portions were placed   in a Petri dishes. 

Filter paper disks (Whatman 1, 9-mm in diameter) were placed inside glass 
Petri dishes. Triplicate disks for each cheese sample were placed on the filter 
papers in an oven at 110 ºC for 30 min. The Petri dishes were cooled to room 
temperature. The diameter of each oil ring formed on filter paper was 
measured to the nearest 0.01 cm at four different angles, and means were 
calculated. 
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Apparent viscosity (AV): Apparent viscosity of mozzarella cheese was 
measured as described by Fife et. al. (1996). A Brookfield DV 11+ helical 
viscometer (Brookfield Engineering Laboratories, Inc., Stoughton, MA) fitted 
with a T-bar spindle (T-F with a 9.0 mm crossbar) was used to measure AV of 
melted cheese. An IBM-compatible computer, equipped with Brookfield DV 
Gather+ 1.0 software, was used to record AV every second for 2 min. The 
mean of the readings during period of 0.5 to 1.5 min was reported as AV and 
expressed as cP. 
 
Cheese microstructure: 

Cheese cubes (3 x 3 x 10 mm) were prepared from samples of 
stretched cheese and fixed in 4 % glutaraldehyde in 0.1 M phosphate buffer 
at pH 7.2 for 2 hr to fix the protein. The cubes were washed several times in 
0.1 M phosphate buffer (pH 7.2) for 15 min intervals, then post fixed  in 1% 
osmium tetroxid (OsO4) in 0.1 M phosphate for 1-2 hr for fat fixation. The 
cheese samples were re-washed several times in 0.1 M phosphate buffer for 
15 min intervals. Then specimens were dehydrated in series of aqueous 
ethanol solutions (25%, 50%, 75%, 95% and 100%) for 15 min each. The 
samples were dried to critical point using CO2 in a Critical Point Dryer 
(Polaron, Waterford, England), and mounted on aluminum SEM stubs, 
sputter-coated with gold (Spi module sputter coater, spi supplies division of 
structure probe.inc). Samples were examined at 5 KV through Scanning 
Electron Microscope JEOL – jsm 5200 equiped with an IBM-compatible 
computer to recording the images. 
 
Statistical analysis: 

 The two-way statistical analysis of variance (ANOVA), mean 
separation, correlation and factor factorial was performed by running the 
MSTAT-C (ver.2.10, Michigan state university, USA.) package on a personal 
computer. The same program was used to analyze a factorial analysis of 
variance completely randomized design.  The statistical significance of the 
data was determined using P value was equal to or less than 0.05. 
 

RESULTS AND DISCUSSION 
 
Initial composition of cheese: 

 The gross composition of the experimented low fat Mozzarella 
cheeses {non-EPS cheese (St CH-1/Lh CH-5) without simplesse, the St CH-
1/Lh CH-5 cheese with simplesse and the EPS-cheeses (SFi-12/Lh CH-5 and 
SFi-39/Lh CH-5)} is summarized in Table 1. Cheese made with EPS-
producing  culture (SFi-12/Lh CH-5 and SFi-39/Lh CH-5) contained 
significantly (P<0.05) more moisture and moisture in non-fat substances 
(MNFS) than that of non-EPS-cheeses with or without simplesse (Table 1). 
This might be due to the water-binding effect of exopolysaccharides produced 
by EPS-strains (Hassan et al., 1996 and Mistry, 2001). In comparison, SFi-
39/Lh CH-5 cheese exhibited the highest content of moisture , MNFS and 
FDM followed by SFi-12/Lh CH-5 cheese. Using EPS- SFi-39 increased the 
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contets of moisture and MNFS by 6.53 and 6.88%, over that of non-EPS 
cheese (St CH-1/Lh CH-5) respectively. The protein and S/M content of the 
experimented Mozzarella cheeses were found to be higher in non-EPS-
cheese (control) than that of other cheeses. Contrary to this, calcium content 
and TA% were found to be higher in EPS+ SFi-39 than that of other 
experimented cheeses. 

 The increase in the levels of moisture and MNFS in the cheeses 
made with EPS+ S. thermophilus strains, is an agreement with earlier studies 
(Low et al, 1998; Perry et al, 1997 and Petersen et al, 2000). 
 
Table 1 : Initial composition of low fat Mozzarella cheese as affected by 

EPS-producing S. thermophilus. 

Composition 

Strain cultures* 

St CH-1/Lh CH-5 
St CH-1/Lh CH-5 

+ simplesse 
SFi-12/Lh CH-5 SFi-39/Lh CH-5 

Moisture, % 56.05d±0.069 58.03c±0.023 58.75b±0.001 59.71a±0.028 
MNFS†, % 59.74d±0.017 61.86c±0.011 62.84b±0.025 63.86a±0.037 
Fat, % 6.2b±0.010 6.2b±0.020 6.5a±0.020 6.5a±0.040 
FDM†, % 14.11d±0.030 14.77c±0.050 15.76b±0.009 16.13a±0.030 
S/M†, % 2.32a±0.010 2.29b±0.030 2.02d±0.010 2.26c±0.020 
Calcium, % 0.694c±0.002 0.789a±0.002 0.765b±0.002 0.798a±0.001 
Protein, % 26.30a±0.60 25.40b±0.10 25.90ab±0.40 25.70ab±0.10 
PH 5.21a±0.010 5.20a±0.010 5.17b±0.010 5.17b±0.010 
TA, % 0.68c±0.010 0.73b±0.20 0.80a±0.20 0.80a±0.030 
a – d Mean values (± SD n=3) with different superscripts in the same row are significantly 

different (P<0.005). 
* See text for details of strain cultures. 
† MNFS = Moisture-in-non-fat substances; FDM = Fat-in-dry matter; S/M = Salt-in-Moisture. 

 
The statistical analysis showed that the moisture, MNSF, Ca and S/M 

contents of the low fat Mozzarella cheese were highly significant affected by 
the strain of S. thermophilus  used (SFi-12 or SFi-39) in the starter blend. On 
contrary, the protein, TA and pH values were not highly significant (P<0.05) 
affected by them (Table 1). 
 
Cheese properties as affected by EPS-culture and storage conditions: 
Refrigerated cheese: 

 As shown in Table 2 MNFS contents of all cheeses were decreased 
by extending the refrigerated storage period. At day 28 of storage, the 
cheeses made with EPS-producing cultures (SFi-12/Lh CH-5 and SFi-39/Lh 
CH-5) resulted in the highest MNFS contents compared to non-EPS cheeses 
(St CH-1/Lb CH-5) with or without simplesse, the MNFS content of EPS-
cheeses (SFi-12/Lh CH-5 and SFi-39/Lh CH-5) increased by 6.83 and 6.06% 
over than that of the non-EPS cheese (St CH-1/Lh CH-5), respectively,  
whereas MNFS content of non-EPS cheese with simplesse increased by 
5.06%. The results are in agreement with that reported by Bhaskarachary & 
Shah (2001); Perry et al., (1997) and Broadbent et al. (2003). Significant 
decrease (P<0.05) in S/M% of cheese made with EPS-cultures (SFi-39/Lh 
CH-5 and SFi-12/Lh CH-5) was noticed compared to that of non-EPS- chees 
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(St CH-1/Lh CH-5), at the end of refrigerated storage (Table 2). The results 
also indicated that, no significant changes (P<0.05) in the pH values of all 
cheeses throughout storage period. The pH values decreased from 5.17 – 
5.21 when fresh to 4.90 – 5.01 at the end of storage. In contrast, the titratable 
acidity  of all cheese increased significantly (P<0.05) over the storage period. 
At the end of storage, a significantly increase was observed in TA of cheeses 
made with EPS-cultures SFi-39/Lh CH-5 and SFi-12/Lh CH-5 compared to 
that of non-EPS cheese with or without fat replacer, but there was no 
significant differences between TA% of cheeses made either with SFi-12/LH 
CH-5 or SFi-39/Lh CH-5. 
 
Table 2 :Changes in the chemical composition of low fat Mozzarella 

cheese as affected by EPS-producing S. thermophilus and 
refrigerated storage at 4ºC. 

Strain culture* 
Cheese component 

Refrigerated period, d 

 Fresh 7 14 21 28 

 MNFS†, % 
St CH-1/Lh CH-5 59.74i±0.20 59.48j±0.03 59.23k±0.01 59.15k±0.02 58.74l±0.10 
St CH-1/Lh CH-5 
+ simplesse 

61.86g±0.01 62.02g±0.06 61.97g±0.02 61.75h±0.06 61.71h±0.01 

SFi-12/Lh CH-5 62.84c±0.06 62.58d±0.04 62.47de±0.01 62.39ef±0.03 62.30f±0.03 
SFi-39/Lh CH-5 63.86a±0.01 63.63a±0.04 63.27b±0.03 63.18b±0.02 62.75c±0.04 
 S/M†, % 
St CH-1/Lh CH-5 2.319l±0.03 2.506g±0.02 2.575f±0.05 2.758c±0.04 2.905a±0.02 
St CH-1/Lh CH-
5+ simplesse 

2.294m±0.02 2.353k±0.02 2.412j±0.03 2.653e±0.02 2.775b±0.05 

SFi-12/Lh CH-5 2.016q±0.02 2.069p±0.01 2.193o±0.02 2.305lm±0.01 2.429i±0.02 
SFi-39/Lh CH-5 2.263n±0.03 2.340k±0.03 2.449h±0.02 2.573f±0.03 2.698d±0.05 
 pH 
St CH-1/Lh CH-5 5.17b±0.01 5.15bc±0.03 5.06bcde±0.02 4.96de±0.03 4.92de±0.02 
St CH-1/Lh CH-5 
+ simplesse  

5.20b±0.02 5.17bc±0.04 5.40a±0.43 5.07bcd±0.02 5.01cde±0.03 

SFi-12/Lh CH-5 5.21b±0.02 5.17bc±0.01 5.07bcd±0.02 4.92de±0.02 4.90e±0.02 
SFi-39/Lh CH-5 5.17b±0.10 5.13bc±0.02 5.08bcd±0.01 4.95de±0.04 4.92de±0.03 
 TA, † % 
St CH-1/Lh CH-5 0.68i±0.02 0.75g±0.02 0.82de±0.04 0.86c±0.02 0.90b±0.01 
St CH-1/Lh CH-5 
+ simplesse 

0.73h±0.02 0.80f±0.02 0.85c±0.01 0.86c±0.01 0.89b±0.02 

SFi-12/Lh CH-5 0.80f±0.02 0.81ef±0.01 0.86c±0.02 0.90b±0.03 0.96a±0.02 
SFi-39/Lh CH-5 0.80f±0.02 0.83d±0.02 0.85c±0.01 0.90b±0.02 0.95a±0.02 
a – r Mean values (± SD; n =3) with different superscripts in the same row are significantly 

different (P<0.005). 
* See Table 1 and text for details of cheese component and strain cultures. 
† MNFS = Moisture-in-non-fat substances; S/M = Salt-in-Moisture; TA = titratable acidity. 

 

Functional properties: 
Meltability: 

 Fig 1 illustrated the  average meltability values in terms of cheese 
flow (mm) for low fat Mozzarella cheese made with or without EPS-producing 
cultures throughout 28 days of storage period at 4ºC. Meltability of fresh 
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cheeses made with the EPS cultures (SFi-12/Lh CH-5 and SFi-39/Lh CH-5) 
was  more than that of their non-EPS cheeses (St Ch-1/Lh CH-5) with or 
without added fat replacer. The meltability valued 40 mm for each EPS-
cheeses and 32 mm for non-EPS cheeses (Fig 1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

    Fig. 1 : Mean values of meltability of low fat Mozzarella cheese as 
affected by EPS-producing S. thermophilus and refrigerated 
storage period at 4ºC. 

Fig 2 : Mean values of apparent viscosity (AV) of low fat 
Mozzarella cheese as affected by EPS-producing S. 
thermophilus and refrigerated storage period at 4ºC. 
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Meltability of all cheeses increased from d 1 to d 14 and then decreased in 
meltability from d 14 to d 28, except for the non-EPS cheese (control) (ST 
CH-1/LH CH-5 without added fat replacer),  which decreased in meltability 
from d 21 to 28. The cheese made with EPS-cultures SFi-39/Lh CH-5 
exhibeted the highest meltability at all days of storage, followed by cheese 
made with EPS-culture SFi-12/Lh CH-5  (Fig 1). The increase in meltability 
observed as affected by EPS-starter and refrigerated storage are in 
agreement with those reported by Fife et al. (1996); Perry et al. (1998) and 
Broadbent et al. (2003). Statistical analysis showed that the use of EPS-
starter culture (SFi-39 or SFi-12), storage period and their interactions  
affected significantly (P<0.001) cheese melting (Table 4). 
 
Fat leakage: 

 The free oil “fat leakage” test is important because an excess of free 
oil on the surface of a pizza after baking is a major quality defect for 
Mozzarella cheese manufacturers. The results in Table 3 showed that the oil 
ring diameter of fat leakage of EPS+-cheeses (SFi-12/Lh CH-5 and SFi-39/Lh 
CH-5) were the largest values compared to those of non-EPS cheeses with 
or without simplesse at all days of refrigerated storage. These findings are in 
line with the results of Rudan et al (1999) who reported that the free oil 
results seemed to be related to melted cheese functionality. 

 
Table 3 : Fat leakage values of low fat Mozzarella cheese as affected by 

EPS-producing S. thermophilus and refrigerated storage at 
4ºC. 

Strain culture* Refrigerated storage, d 

Fresh 7 14 21 28 

 Fat leakage, mm 
St CH-1/Lh CH-5 36.00jk±1.0 39.00i±2.0 41.00h±1.0 35.00k±1.5 33.00l±1.0 
St CH-1/Lh CH-5 + 
simplesse 

41.00h±1.5 43.00fg±1.0 46.00cd±2.0 43.00fg±1.5 37.00j±1.0 

SFi-12/Lh CH-5 45.00de±1.5 47.00c±1.0 51.00a±1.5 47.00c±1.0 42.00gh±1.0 
SFi-39/Lh CH-5 46.00cd±2.0 49.00b±1.5 52.00a±1.0 47.00c±2.0 44.00ef±1.5 
a – l Mean values (± SD; n =3) with different superscripts in the same row are significantly 

different (P<0.005). 
* See Table 1 and text for details of cheese component and strain cultures. 

 
 The statistical analysis indicated that, significant (P<0.05) differences 

were found in fat leakage between EPS and non-EPS-cheeses. Fat leakage 
was significantly affected by EPS starter cultures (P<0.001), storage period 
(P<0.001) and their interaction (Table 4). 
 
Apparent viscosity (AV) : 

The data in Fig. 2 indicated that there were  differences in AV-values 
between EPS and non-EPS-cheeses (St CH-1/Lh CH-5) with or without 
simplesse. During refrigerated storage, the AV of all cheeses (EPS and non-
EPS) was decreased.  Fig. 2 also  showed that the lowest AV was attained 
when EPS SFi-39 or SFi-12 culture was used for making low fat Mozzarella 
cheese (2.45 x 105 and 5.04 x 105 cP, respectively) at the end of storage 
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period. In contrast, low fat cheeses with higher AV were obtained by using 
non-EPS culture (St CH-1/Lh CH-5) without fat replacer (10.31 x 105 cP). 
These results are in line with that of Fife et al (1996) and Merill et al (1994) 
who found that AV of low fat Mozzarella cheese decreased with time of 
refrigerated storage. The analysis of variance indicated that the mean level of 
AV over the 28 d of storage period was significantly affected by EPS culture 
type, storage period and their interaction (Table  4). 
 
Table 4 : Mean squares (MS) and probabilities (P) for meltability, fat 

leakage and apparent viscosity (AV) of low fat Mozzarella 
cheese made with EPS-producing cultures and stored at 4 ºC 
for 28 days. 

Factor Meltability Fat leakage AV 
 MS P MS P MS(x 1010) P 

EPS-culture type (A) 3352.13 *** 360.00 *** 526.30 *** 
Storage period (B) 2710.29 *** 117.90 *** 459.70 *** 
Interaction (A x B) 390.09 *** 2.00 * 56.09 * 

Error 4.23  1.00  22.87  
* P <0.05  *** P<0.001 

 

Frozen cheese: 
Chemical composition: 

 Tables 5 and 6 showed the effect of the use of  both EPS-producing 
S. thermophilus and different frozen conditions on the chemical composition 
of low fat Mozzarella cheese. Regarded of frozen conditions, cheese made 
with EPS-producing culture (SFi-12/Lh CH-5 and SFi-39/Lh CH-5) contained 
significantly (P<0.05) more MNFS and TA than those of non-EPS cheeses 
with or without simplesse. While cheeses ripenied for 14 d before and 14 d 
after freezing for 60 d there was a slightly significant differences (P<0.005) in 
the chemical composition indices during the storage period (Table 5). On the 
other hand, low fat Mozzarella cheese, which immediately frozen -20 ºC) after 
manufacturing for 60 days and then ripened for 28 d at 4 ºC showed no 
significant differences in MNFS,S/M and TA during the freezing time (Table 
6). 
 

 
Meltability: 

 Fig 3 A, B illusterated the effect of EPS-producing culture and frozen 
conditions on the meltability of low fat Mozzarella cheese. Ripening of cheese 
at 4ºC for 14 d before freezing at  -20 ºC  for 2 mon, increased the meltability 
from d 1 to d 14 and reached the maximum value at the 14th d, then 
decreased during freezing time. Furthermore, the meltability re-increased 
during the second ripening process carried out (14 d/4ºC ) after freezing, but 
the increment was not equal to that happened at first ripening stage prior 
freezing. For cheese frozen immediately after manufactureing, the melt 
capacity decreased slightly during the freezing period then significantly 
(P<0.05) increased when ripened and reached the maximum value at the end 
of ripening period (28 d after 2 months of  freezing). In general, frozen 
storage decreased meltability of cheeses ripened for 7 d before and again 
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ripened for 7d after freezing (Fig. 3 A, B).  These results are in line with those 
reported by Bertola et al.,(1996); Oberg et al., (1992) and Tunick et al., 
(1993) who found that frozen storage decreased Meltability of stored 
cheeses.  

However, it is of interest to note that, regardless of freezing conditions, 
meltability of cheeses made with EPS-producing strains of S. thermophilus 
retained the highest values during the frozen storage. It is also important to 
report  that meltability of the experimented frozen cheeses did not differ than 
that of its refrigerated correspondences at the end of storage (Figs. 1  and 3 
A&B).  
 
 

 

Fig. 3 : Mean values of meltability of low fat Mozzarella cheese as 
affected by EPS-producing S. thermophilus and frozen 
conditions; (A) 14 d ripening time at 4ºC before and after 
freezing time for 60 d at –20ºC; (B) freezing time for 60 d at -
20ºC then 28 d ripening time at 4ºC. 
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Fat Leakage:  
The results in Table 7 A& B showed that all cheeses exhibited the 

greatest diameter of oil ring during the ripening time either occurred before or  
after freezing  as compared with that of the same cheeses during the freezing 
period. Moreover, the oil ring diameter of  fat leakage of all cheeses was 
decreased upon freezing when employed after the first stage of ripening. This 
binding is in accordance with the results of Diefes et al., (1993) who reported 
that Mozzarella cheese changed in rheological behaviour over 90-days of 
frozen storage. 
 
Viscosity: 

Apparent viscosity of cheeses was markedly affected by frozen 
storage and ripening time. Fluctuation changes over the storage period were 
observed (Table 8). Regardless of the ripening time (before or after freezing) 
the  apparent viscosity values of all frozen cheeses were considerably 
decreased  at the end of the storage period, except for AV of cheese made 
with the non-EPS culture (St CH-1/Lh CH-5) + simplesse which was 
increased (Table 8). The lowest AV was attained when EPS-producing 
culture of S. thermophilus (SFi-39) was used for making low fat Mozzarella 
cheese at the end of storage period. 

The statistical analysis (Tables 9 a, b)showed that the rheological     
indices (meltability, fat leakage and AV) were significantly affected by the 
EPS-culture type and the frozen conditions as well as their interactions. 
 
Microstructure : 

Fig 4 A shows the microstructure of a 28 - day- old low fat Mozzarella 
cheese made with non EPS producing starter (St CH-1/Lh CH-5). The cheese 
showed a close and compact protein matrix, which was sparingly indented 
with the serum and fat voids located on the exposed surface. Using 
simplesse as a fat replacer in the manufacture of low fat Mozzarella cheese 
made with non  EPS - starter culture (St CH-1/Lh CH-5) let to an increase in 
the openness of the cheese structure than that of the control cheese (Figs 4 
A & B).  As show in Fig. 4 C and d Low fat Mozzarella cheeses made with 
EPS- starter cultures (  SFi-12/Lh CH-5 and SFi-39/Lh CH-5 ) were porous 
and had an open texture with numerous voids. Such voids were probably 
formed from dehydration of the EPS ( secreted by the starter cultures ) which 
might have formed globs . Such globs of EPS when extracted from the 
fractured surface of the cheese during SEM preparation , leave behind voids . 

This effect of the EPS on the cheese matrix could lead to an increased 
porosity. These results are similar to those reported by Hassan et al. (2003) 
and Bhaskarachary and Shah (2000) Mistry and Anderson (1993) and 
Hassan et al. (1995) who observed that ropy EPS produced a spongy 
structure in the casein matrix. 

For frozen cheeses which ripened in two stages ( before and after 
freezing ) , electron micrographs (Fig. 5 A,B,C,D ) showed the EPS - cheeses  
(SFi-12/Lh CH-5 and SFi-39/Lh CH-5) exhibited also a porous and open 
texture, whereas the non EPS cheeses showed a closed and compact protein 
matrix and fewer voids.  
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The results of Bertola et al (1996 ) who reported that , as Mozzarella cheese 
aged, the para casein matrix porosity increased because of proteolysis, thus 
the para casein matrix presented less resistance to stretching and greater 
elasticity may confirm the obtained results. 
 
Table 9 : Mean squares (MS) and probabilities (P) for meltability, fat 

leakage and apparent viscosity (AV) of low fat Mozzarella 
cheese made with EPS-producing cultures and stored as 
follows: 
(a) : ripening for 14 days at 4ºC before and after freezing for 60 days 

at –20ºC.  
(b): frozen at –20ºC for 60 days; then 28 days ripening time at 4ºC 

 

(a) 

Factor 
Meltability Fat leakage AV 

MS P MS P 
MS 

(x 1010) 
P 

EPS-culture type (A) 9590.09 *** 286.79 *** 379.85 * 
Storage period (B) 1699.16 *** 110.33 *** 262.89 * 
Interaction (A x B) 264.31 *** 6.94 *** 288.59 ** 

Error 2.47  1.79  131.00  
* P <0.05                             *** P<0.001 

(b) 

Factor 
Meltability Fat leakage AV 

MS P MS P 
MS 

(x 1010) 
P 

EPS-culture type (A) 1583.25 *** 376.84 *** 421.29 *** 
Storage period (B) 1920.43 *** 161.08 *** 9.55.75 *** 
Interaction (A x B) 63.61 *** 7.75 *** 966.02 *** 

Error 3.03  3.14  11.53  
* P <0.05                                *** P<0.001 

 
 In case of cheeses frozen immediately after manufacturing at -20ºC 

for 2 mon. and then ripened at 4ºC for 28 day (Fig. 6 A,B,C & D ) , differences 
can be seen between the non EPS cheeses with and without simpelesse and 
the EPS cheeses. The non EPS- cheeses showed also a compact protein 
matrix , which was sparingly indented with serum and fat voids located on the 
exposed surface. Addition of simplesse ( Fig. 6 B ) increased the openness of 
the cheese structure than that of the control cheese ( Fig. 6 A ). As shown in 
Fig. 6 C&D , the EPS cheeses made with SFi-12/lh cH-5 and SFi-39/ lh cH-5 
appeared more porous and open texture with a very large voids . 

From the foregoing results it is recommended to use  EPS-producing 
strains of S. thermophilus in order to increase the moisture of low fat 
Mozzarella cheese and to improve its melt properties. Moreover, it was found 
that the functional and microstructural properties of EPS frozen cheeses are 
comparable with those of their corresponding refrigerated  cheeses. 
Therefore, freezing may be considered as a suitable alternative to prolong 
stability and shelf life of low fat Mozzarella cheese without modifying its 
functional properties.  
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Fig. 4: Scanning electron micrograph of a 28 days old low fat Mozzarella 

cheese made with different starter cultures: (A) St CH-1/Lh CH-5; 
(B) St CH-1/Lh CH-5 + simplesse; (C) SFi-12/Lh CH-5 and (D) SFi-
39/Lh CH-5. All cheeses stored at 4 ºC for 28 d. 
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Fig. 5: Scanning electron micrograph of a 88 day-old low fat Mozzarella 

cheese made with different starter cultures: (A) St CH-1/Lh CH-
5; (B) St CH-1/Lh CH-5 + simplesse; (C) SFi-12/Lh CH-5 and (D) 
SFi-39/Lh CH-5. All cheeses ripened at 4 ºC for 14 d and frozen 
at –20 ºC for 60 d, then ripened at 4 ºC for 14 d. 
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Fig. 6: Scanning electron micrograph of a 88 day-old low fat Mozzarella 

cheese made with different starter cultures: (A) St CH-1/Lh CH-
5; (B) St CH-1/Lh CH-5 + simplesse; (C) SFi-12/Lh CH-5 and (D) 
SFi-39/Lh CH-5. All cheeses frozen at -20 ºC for 60 d and then 
ripened at 4 ºC for 28 d. 
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لمنخفض الدهن بتأثيير لاألا م مأن الخواص الوظيفية والتركيبية للجبن الموزاريلا ا
S.thermophilus المنتجة لللاكريام العديدة وظروف التخزين 

 اللايدالهام مصطفي 
 مصر -الجيزة -جامعة القاهرة -كلية الزراعة –قلام علوم الألبان 

 

الهدف من البحث هو تحسين الخووا  الوييييوو والتيبيبيوو لن وبن الموو اييف مولخين الودهن و   لوو 
يه  دون فقد منموس في خواصه وذلك عن  ييق استخدام الم ايع الببتيييو الملت و لنسوبيي   الدديودة مدة حي

 :نوالحيي عن  ييق الت ميد. حيث تم تقسيم الدياسو  لي   ئيي
الملت وووو  S.thermophilusتووم اختيووو ي سيبووب سووفة  ببتيييووو ملهووو  سووفلتين موون ببتييوو  فأأي الجأأزو الأو   
 S thermophilusوسفلو ببتيييوو  مون بون مون                SFi-12, SFiٍ   -39هم    لنسبيي   الدديدة

St CH-1 ,  L. helveticus Lh CH-5    غيي الملت و لنسبيي   الدديدة . حيث تم تصوليب سيبوب  مدو مف
م فووي موون ال ووبن المووو اييف موولخين الوودهن ب سووتخدام تووفث موو ايع مختن ووو موون السووفة  السوو بقو . واسووتخد

( غيوي الملت وو لنسوبيي   الدديودة بمق يلوو St CH-1/Lh CH-5المد منوو اوولوي والت ليوو الم يعوو التقنيديوو  
-SFiوالمد منوو الت لتوو واليابدوو اسوتخدام  المو ايع المختن وو   simplesseبدون وبإضو فو  بودين دهلوي هوو 

12/Lh CH-5    وSFi-39/Lh CH-5 م حيي ال بن الل تج عنى دي وو حوياية الملت و لنسبيي   الدديدة  وت
4 º يوم . 82م لمدة 

سع وو   ووبن المووو اييف الموولخين الوودهن المصوولب ب سووتخدام السووفة  الببتيييووو الملت ووو لنسووبيي   
 يوو دة مدلويووو فووي محتواهوو  موون الي وبووو والي وبووو  SFi-12/Lh CH-5و  SFi-39/Lh CH-5الدديوودة 

( Meltability(. بم  تمي   ب يتي ع خ صويو الق بنيوو لفلصوه ي  MNFSملسوبو  لى المبول   غيي الدهليو  
وذلك ب لمق يلو ب ل بن المصلب ب ستخدام الم يعو غيي الملت وو لنسوبيي    Fat leakageوقيم اليص ن الدهن 

(   سواء بدون سو بإض فو البدين الدهلي وهي     وو سو ستلو ء مودة التخو ين.  St CH-1 /Lh CH-5الدديدة  
سقوون قيمووو لن و ووو علوود له يووو موودة التخوو ين بموو   SFi-39/Lh CH-5وقوود سع ووى ال ووبن المصوولب ب سووتخدام 

الن و وو(  -الق بنيو ةليص ن الدهن  -سيهي  لت ئج التحنين الإحص ئي تأتي الخوا  الوييييو  الق بنيو لفلصه ي
ًٍ ببن من لوع الب دئ المستخدم ومدة التخ ين و التي عن بيلهم ً   .مدلوي 

 تم دياسو تأتيي الحيي ب لت ميد ب ييقتين:  وفي الجزو الياني  
يوووم تووم         02م لموودة 82º–يوووم تووم الت ميوود عنووى  14م لموودة º 4خ لوو  ال ووبن بدوود التصووليب مب  ووية عنووى  - 1  

 يوم سخيى.       14م لمدة 4ºاستبمن  فتية التسويو عنى 
82م لمودة  4ºيووم توم التخو ين عنوي  02م لمودة º 82– ميود عنوى تم حيي ال بن مب  وية بدود التصوليب ب لت -8 

 يوم. 
 ,Lh CH-5/SFi-39/Lh CH-5وقود سيهوي  اللتو ئج المتحصون عنيهو  احتيو ي ال وبن المصولب  

SFi-12 الملت و لنسبيي   الدديدة بأعنى لسبو ي وبو ملسوبو لنمبولو   غيوي الدهليوو وبوذلك لقويم الحموضوو )
ي بف ال ييقتين. بم   اد  دي و الق بنيو لفلصوه ي واليصو ن الودهن علود التخو ين عنوي علد له يو مدة الحيي ف

4º . م قبن سو بدد الت ميد بيلم  تذبذب  قيم الن و و لن بن  الم مد ببف ال ييقتين 
وقوود سيهووي  دياسووو التيبيووي البلوو ئي الوودقيق ب لميبيوسووبوي اةليبتيولووي لمدوو مف  ال ووبن المصوولب 

( الملت وو لنسوبيي   الدديودة والتوي Lh CH-5/SFi-39/Lh CH-5, SFi-12مو ايع الببتيييوو  ب ستخدام ال
يوووم ببلوو ء تيبيبووي ميتوووش مووب الت وو ي ف وووا  بيليووو صووبيية وببيووية داخوون  ووببو  82م لموودة 4ºتووم حييهوو  عنووى 

 St  الدديودة  البويوتين مق يلوو بتيبيوي بلو ئي ملودمج خو لي مون الي ووا  ل وبن المق يلوو غيوي الملوتج لنسوفة
CH-1/LhCH-5).  وفي ح لو استخدام البدين الدهلي ل بن المق يلو تمي ال بن الل تج بتيبيي ميتوش لسوبي  موب

عدد ف وا  سقن من ال بن المصلب ب ستخدام المو ايع الملت وو لنسوبيي   الدديودة. بمو  لوم يفحوي اخوتفف ببيوي 
ن فوي المدوو مف  المختنيووو ب لمقو يلو ب لتيبيووي البلوو ئي لووليس لتوأتيي  ييقتووي الت ميوود عنوى التيبيووي البلوو ئي لن ووب

يووم( حيووث تميو  ب يو دة لسووبو الي ووا  الببيووية خ صوو ب للسووبو  82م /4ºالمدو مف  والتوي تووم حييهو  ب لتبييوود  
 لن بن المصلب ب ستخدام الم ايع الملت و لنسبيي   الدديدة. 
الملت وو لنسوبيي   الدديودة   S.thermophilus  وت يي لتو ئج الدياسوو  لوى  مب ليوو اسوتخدام سوفة

لتحسووين الخوووا  التيبيبيووو والوييييووو ل ووبن المووو اييف موولخين الوودهن بموو  يمبوون اسووتخدام الت ميوود بوسووينو 
 مل سبو لإ  لو مدة حيي ال بن المو اييف ملخين الدهن بدون فقد منموس لخواصه الوييييو. 

  

C 
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Table 5 : Changes in the chemical composition of low fat Mozzarella cheese as affected by EPS-producing S. 
thermophilus and frozen conditions (ripening for 14 days at 4ºC before and after freezing for 60 days at –
20ºC) 

Strain culture* 

 
Storage period 

Ripening time at 4ºC, d  Freezing time at – 20ºC, mon.  Ripening time at 4ºC, d 

 Fresh 7 14 1 1.5 2  7 14 

 MNFS† 
St CH-1/Lh CH-5 59.74j ±0.02 59.48k±0.02 59.23lm±0.01 59.17m±0.17 59.11m±0.01 59.37kl±0.49 58.45o±0.42 58.79n±0.08 
St CH-1/Lh CH-5 + simplesse 61.86g±0.04 62.04g±0.02 61.97g±0.02 61.94g±0.03 61.68i±0.41 61.91gh±0.01 61.76hi±0.03 61.74hi±0.03 
Sfi-12/Lh CH-5 62.84d±0.06 62.58e±0.05 62.47ef±0.03 62.47ef±0.03 62.49ef±0.06 62.43ef±0.01 62.33f±0.04 62.36f±0.04 
Sfi-39/Lh CH-5 63.86a±0.06 63.63a±0.01 63.22b±0.09 63.18b±0.01 63.18b±0.01 63.17b±0.02 63.11bc±0.02 62.96cd±0.03 
 S/M† 
St CH-1/Lh CH-5 2.30l±0.3 2.51g±0.02 2.58e±0.03 2.58e±0.03 2.58de±0.01 2.58de±0.02 2.70b±0.03 2.817a±0.02 
St CH-1/Lh CH-5 + simplesse 2.29l±0.02 2.34k±0.10 2.41j±0.10 2.41j±0.02 2.42j±0.01 2.42j±0.01 2.47h±0.03 2.64c±0.03 
Sfi-12/Lh CH-5 2.02p±0.02 2.07o±0.03 2.19n±0.02 2.19n±0.02 2.20n±0.04 2.20n±0.03 2.26m±0.03 2.34k±0.02 
Sfi-39/Lh CH-5 2.26m±0.05 2.34k±0.05 2.45i±0.04 2.45i±0.03 2.45i±0.03 2.45i±0.02 2.53f±0.20 2.60d±0.04 
 PH 
St CH-1/Lh CH-5 5.18b±0.06 5.15c±0.01 5.06gh±0.20 5.06gh±0.30 5.06gh±0.01 5.05h±0.06 5.03i±0.80 4.93m±0.30 
St CH-1/Lh CH-5 + simplesse 5.20a±0.10 5.17b±0.10 5.13d±0.05 5.13de±0.01 5.12e±0.06 5.12de±0.10 5.05h±0.01 4.97k±0.05 
Sfi-12/Lh CH-5 5.21a±0.01 5.17b±0.06 5.07fg±0.01 5.07fg±0.01 5.06gh±0.01 5.06gh±0.01 5.00j±0.06 4.95l±0.01 
Sfi-39/Lh CH-5 5.18b±0.01 5.13de±0.01 5.08f±0.01 5.08f±0.01 5.07fg±0.01 5.07fg±0.01 5.00j±0.06 4.92m±0.05 
 TA, %† 
St CH-1/Lh CH-5 0.68o±0.01 0.74n±0.01 0.81kl±0.06 0.81kml±0.01 0.82jk±0.01 0.83ij±0.10 0.89d±0.01 0.94b±0.01 
St CH-1/Lh CH-5 + simplesse 0.73n±0.01 0.80lm±0.01 0.83ij±0.01 0.83ij±0.01 0.84hi±0.01 0.85gh±0.10 0.89d±0.01 0.91c±0.20 
SFi-12/Lh CH-5 0.80m±0.06 0.81klm±0.10 0.84hi±0.30 0.86fg±0.01 0.87ef±0.01 0.88de±0.01 0.93b±0.06 0.96a±0.01 
SFi-39/Lh CH-5 0.80lm±0.01 0.83ij±0.01 0.85gh±0.01 0.85gh±0.01 0.87ef±0.01 0.88de±0.06 0.94b±0.01 0.97a±0.01 
a – o Mean values (± SD; n =3) with different superscripts in the same row are significantly different (P<0.005). 
* See Table 1 and text for details of cheese component and strain cultures. 
† MNFS = Moisture-in-non-fat substances; S/M = Salt-in-Moisture; TA = titratable acidity. 
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Table 6 : Changes in the chemical composition of low fat Mozzarella cheese as affected by EPS-producing S. 
thermophilus and frozen conditions (frozen storage at –20ºC for 60 days; and then 28 days ripening 
time at 4ºC) 

Strain culture* 

 

Storage period 

Freezing time at –20ºC, m Ripening  time at 4ºC, d 

Fresh 1 1.5 2  7 14 21 28 

 MNFS†, % 
St CH-1/Lh CH-5 59.74l±0.03 59.73l±0.02 59.72 l ±0.01 59.72 l ±0.01 59.59m±0.01 59.53m±0.02 59.17n±0.01 59.07n±0.03 
St CH-1/Lh CH-5 + simplesse 61.86i±0.01 62.06i±0.01 62.66f±0.02 62.69ef±0.01 61.90j±0.01 61.84jk±0.01 61.77k±0.01 61.75k±0.01 
SFi-12/Lh CH-5 62.84d±0.01 62.83d±0.01 62.82d±0.01 62.59fg±0.39 62.80de±0.01 62.59fg±0.02 62.48gh±0.01 62.37h±0.01 
SFi-39/Lh CH-5 63.86a±0.01 63.65a±0.01 63.64ab±0.01 63.63ab±0.02 63.60ab±0.02 63.53b±0.01 63.56ab±0.01 63.32c±0.03 
 S/M†, % 
St CH-1/Lh CH-5 2.3cdef±0.01 2.3cdef±0.01 2.3cdef±0.01 2.3cdef±0.01 2.5bcdef±0.02 2.60bcd±0.02 2.70bc±0.04 2.90b±0.01 
St CH-1/Lh CH-5 + simplesse 2.02f±0.01 2.02f±0.01 2.02f±0.01 2.02f±0.01 2.09ef±0.01 2.12def±0.01 2.25cdef±0.01 2.5bcdef±0.01 
SFi-12/Lh CH-5 2.26cdef±0.01 2.26cdef±0.01 2.26cdef±0.01 2.27cdef±0.01 2.39cdef±0.01 2.35cdef±0.01 2.56bcde±0.01 2.58a±0.01 
SFi-39/Lh CH-5 2.29cdef±0.7 2.29cdef±0.01 2.30cdef±0.01 2.30cdef±0.01 2.40bcdef±0.09 2.44bcdef±0.01 2.51bcdef±0.01 2.53bcde±0.01 
 pH 
St CH-1/Lh CH-5 5.17b±0.01 5.18b±0.01 5.18b±0.01 5.18b±0.01 5.14c±0.01 5.07f±0.02 4.94j±0.02 4.91k±0.03 
St CH-1/Lh CH-5 + simplesse 5.20 a±0.01 5.20a±0.01 5.20a±0.01 5.20a±0.01 5.17b±0.01 5.05g±0.02 5.01h±0.02 4.96i±0.01 
SFi-12/Lh CH-5 5.18b±0.01 5.18b±0.01 5.18b±0.01 5.18b±0.01 5.15c±0.01 5.09e±0.01 4.96i±0.01 4.92k±0.01 
SFi-39/Lh CH-5 5.21a±0.04 5.21a±0.01 5.21a±0.02 5.21a±0.03 5.17b±0.01 5.11d±0.01 5.04g±0.02 4.95ij±0.02 
 T.A†, % 
St CH-1/Lh CH-5 0.68n±0.01 0.68n±0.01 0.69mn±0.01 0.70m±0.04 0.81hi±0.01 0.87de±0.01 0.90c±0.01 0.93b±0.01 
St CH-1/Lh CH-5 + simplesse 0.73l±0.01 0.73l±0.01 0.74kl±0.01 0.75k±0.01 0.79j±0.01 0.82gh±0.01 0.86e±0.01 0.91c±0.01 
SFi-12/Lh CH-5 0.80ij±0.01 0.80ij±0.01 0.82gh±0.01 0.83fg±0.01 0.88d±0.01 0.90c±0.01 0.94b±0.01 0.97a±0.01 
SFi-39/Lh CH-5 0.80ij±0.01 0.80ij±0.01 0.83fg±0.01 0.84f±0.01 0.87de±0.01 0.90c±0.01 0.93b±0.01 0.96a±0.01 
  a – n Mean values (± SD; n =3) with different superscripts in the same row are significantly different (P<0.005). 
* See Table 1 and text for details of cheese component and strain cultures. 
† MNFS = Moisture-in-non-fat substances; S/M = Salt-in-Moisture; TA = titratable acidity. 
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Table 7 : Fat leakage of low fat Mozzarella cheese as affected by EPS-producing S. thermophilus and frozen 
conditions: (A): ripening for 14 days at 4ºC before and after freezing for 60 days at –20ºC; (B): frozen 
storage at –20ºC for 60 days; then 28 days ripening time at 4ºC 

                                                               (A) 
Strain culture* 

 
Fat leakage, mm 
Storage period 

Ripening time at 4ºC, d Freezing time at –20ºC, m Ripening time at 4ºC, d 

 Fresh 7 14 1 1.5 2 7 14 

St CH-1/Lh CH-5 37.0ijk±1.0 39.0ghi±1.0 41.0fg±1.0 39.0ghi±2.0 36.0jk±1.0 35.0k±1.0 36.0jk±2.0 37.0ijk±2.0 
St CH-1/Lh CH-5 + simplesse 45.0de±1.0 47.0cd±1.0 51.0ab±2.0 43.0ef±2.0 41.0fg±1.0 37.0ijk±2.0 38.0hij±1.0 43.0ef±1.0 
SFi-12/Lh CH-5 46.0d±2.0 49.0bc±2.0 52.0a±1.0 46.0d±1.0 45.0de±2.0 39.3gh±1.0 43.0ef±1.0 46.0d±1.0 
SFi-39/Lh CH-5 41.0fg±1.0 43.0ef±2.0 46.0d±1.0 43.0ef±2.0 41.0fg±1.0 39.0ghi±2.0 41.0fg±1.0 42.0f±1.0 

 
(B) 

        Fat leakage, mm 
       Storage period 

                               Freezing time at – 20ºC, m                                                          Ripening time at 4ºC, d 
                                                          Fresh                      1                   1.5                 2                         7                    14                  21                     28 
 
St CH-1/Lh CH-5 37.0ijk±2.0 35.0kl±1.0 32.0mn±1.0 31.0n±1.0 31.7mn±2.1 35.0kl±2.0 37.0ijk±1.0 38.0ij±2.0 
St CH-1/Lh CH-5 + simplesse 45.0de±2.0 41.0gh±1.0 36.0jkl±1.0 34.0lm±3.0 35.0kl±1.0 41.0gh±1.0 43.0efg±2.0 44.0def±2.0 
SFi-12/Lh CH-5 46.0cd±1.0 41.0gh±1.0 39.0hi±3.0 37.0ijk±2.0 43.0efg±2.0 48.0bc±2.0 49.0ab±1.0 51.0a±1.0 
SFi-39/Lh CH-5 41.0gh±1.0 38.0ij±1.0 37.0ijk±1.0 34.0lm±1.0 36.0jkl±2.0 41.0gh±2.0 42.0fg±1.0 43.0efg±3.0 
a – n Mean values (± SD; n =3) with different superscripts in the same row are significantly different (P<0.005). 
* See Table 1 and text for details of cheese component and strain cultures. 
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Table 8 : Apparent viscosity (AV) of low fat Mozzarella cheese as affected by EPS-producing S. thermophilus and frozen 
condition: (A): ripening for 14 days at 4ºC before and after freezing for 60 days at –20ºC; (B): frozen storage at –20ºC 
for 60 days; and then 28 days ripening time at 4ºC 

 
                     (A) 

 
Strain culture* 

 

AV†, cP 
Storage period 

Ripening time at 4ºC, d Freezing time at –20ºC, m Ripening time at 4ºC, d 

 Fresh 7 14 1 1.5 2 7 14 

St CH-1/Lh CH-5 29.87±0.26 56.73±0.16 16.18±0.17 9.97±0.07 6.07±6.46 9.25±6.88 18.81±0.39 10.38±0.15 
St CH-1/Lh CH-5 + simplesse 18.31±13.1 19.46±14.5 17.84±0.24 20.25±0.05 16.81±0.19 13.42±0.38 15.37±0.15 21.79±28.2 

SFi-12/Lh CH-5 27.90±1.98 15.21±0.10 4.34±0.01 28.72±0.14 4.65±0.04 8.30±0.06 36.86±0.021 2.72±35.7 
SFi-39/Lh CH-5 16.78±0.07 6.09±0.08 4.00±0.10 4.20±0.04 5.51±0.05 36.73±40.5 5.81±0.29 2.16±0.04 

 
                           (B) 

                                   AV‡, cP 
                         Storage period 

                                         Freezing time at –20ºC, m                                                           Ripening time at 4ºC, d 
                                                   Fresh                 1                        1.5                2                       7                            14                   21                     28 

 
St CH-1/Lh CH-5 29.87±0.26 28.40±0.18 23.02±0.07 17.74±0.20 29.63±0.26 21.31±0.24 2.98±0.05 2.33±0.11 

St CH-1/Lh CH-5 + simplesse 26.05±0.30 28.76±17.55 23.33±0.12 5.04±0.49 19.62±0.17 9.96±7.41 3.33±0.04 5.97±0.08 
SFi-12/Lh CH-5 27.90±1.98 32.87±0.52 14.94±0.04 13.27±0.09 32.90±0.26 17.62±0.39 2.66±0.04 5.24±1.00 
SFi-39/Lh CH-5 16.78±.67 8.44±0.04 25.09±0.09 14.77±0.18 10.83±0.13 4.62±0.06 1.64±0.03 1.77±0.03 

* See Table 1 and text for details of cheese component and strain cultures. 
† Mean values (± SD; n =3),  LSD = 5905 cP 
‡ Mean values (± SD; n =3),  LSD = 5540 cP 

 


