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Abstract:  
The effect of cow’s milk acidification with different acidulates starter acidification; GDL acidification (glu-

cono D-lactone), and acidification with citric acid on the yield, composition and rheological properties of Moz-
zarella cheese was determined. Cheese was made from cow’s milk using yoghurt starter (control) treatment T1 
GD treatment T2 and citric acid treatment T3. The resultant cheese was determined for chemical rheological, and 
organoleptic properties when fresh and during a storage period at -18°C for 30 days. GDL cheese had higher 
acidity, TS, fat and TN values than the other treatments. Acidification of milk with GDL decreased the yield, 
DM, fat/DM, TN, ash/DM, salt/DM, calcium and oiling off values of resultant cheese while increasing WSN, 
TVFA and meltability values of   the cheese.  Treatment T2 (GDL) gained the highest scores points for all 
types of milk treatments. 

1. Introduction 

Mozzarella cheese has a soft-to-firm texture. 
However, when melted, the texture of Mozzarella 
cheese becomes smooth and creamy. The casein pro-
teins in Mozzarella are in such a form that the cheese 
is very elastic and has a high degree of stretchability. 
The pH of the curd is the critical factor in determin-
ing stretchability as pH influences the state of the 
casein molecules. The Italian legal standard for 
Mozzarella cheese requires a minimum 45% fat in 
dry-matter and moisture content of 52% to 55% and 
often closer to 60% (Kosikowvski 1982). 

Mozzarella cheese is the most important 
(Abd-El-Gawad et al., 2012). It was originated in 
Italy from buffalo milk which had widespread around 
the world and become the second cheese type in USA. 
In Egypt, a specification was set for full cream Moz-
zarella cheese (Egyptian Standards Specification, 
2000). Full fat Mozzarella cheese must contain F/DM 
not less than 45 % and moisture not more than 54%. 
Mozzarella cheese functional properties (e.g., melta-
bility, stretchability, browning, blister formation and 
oiling off) are important mainly due to their ability as 
a food raw material or food additive during the prep-
aration of different food products such as pizza, pasta, 
salads, and bakery. Thus the production of such type 
cheese could be controlled of these characteristics.  

Egyptian Organization for Standardization and 
Quality Control (ES 1008-14/2005) has defined 
Mozzarella cheese as the fresh soft cheese obtained 
after coagulation of fresh milk or retentate. Mozza-
rella cheese can be also obtained from coagulation of 
a mixture of fresh milk products, dried or pasteurized. 
In Egypt, there is a shortage in fresh milk production 
since there is a challenge between wheat production 
and forage growing. Prices of fresh milks are annual-
ly increasing, most of buffalo milk was consumed for 
drinking, while a part of cow milk is processing into 
soft white, and Ras cheese the rest is not enough for 
Mozzarella cheese production. Also, milk adultera-
tion led to decrease of the final dairy products quality. 

Hence, the present work focused on the production of 
mozzarella cheese which could be used for different 
products such as pizza, pasta, salads in home, hotels, 
and restaurants. It will be prepared form substitute 
materials as alternative for the high price liquid milk 
with vegetable oil as a replacement of natural milk 
fat.  

Thus, the present work aimed to produce moz-
zarella cheese from cow milk using three types acid-
ulates including starter culture, GDL, and acetic acid. 
The mozzarella cheese making, on the quality, chem-
ical, physical, sensorial, texture profile characteristics, 
and calcium content were investigated. 

 
2. Materials and Methods 

Raw materials and chemicals:  

Morning cow milk obtained from the Friesian 
herd of Sakha Animal Production Station was used 
for mozzarella cheese experiments. Yoghurt starter 
culture was obtained from CHR-HANSEN Company 
Copenhagen, Denmark. Local calf rennet 0.5 N was 
obtained from Kafr El-Shiekh Governorate was used 
during the investigation work. Sodium chloride salt 
brought from EL-Nasr Company, Alexandria for 
cheese salting. Acetic acid was obtained from 
El-Gomhoria Chemicals Company. L 

2.1 Mozzarella cheese production  

Mozzarella cheese made from fresh standardized 
cow milk contained 3.00% fat, 3.18% protein, 4.46% 
lactose, 8.10% solid not fat, and 11.34% total solids 
(milko-scan, model 133B, which acidified by add-
ed1% yoghurt starter culture as a control (T1) as de-
scribed by Kosikowski (1982). The other treatments 
acidified with GDL (T2) and citric acid (T3) to reach 
pH5.4 as a direct acidification procedure. The cheese 
curd was cut into blocks and slices. The slices were 
kneaded into hot water at 75±2 °C for 5 min to pre-
pare the homogeneous paste which is formed into 
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balls, directly thrown into the cold brine, left three 
hours. The salted cheese was left to dry on the open 
air, then rubbed with 3% solution of potassium sorb-
ate; and then left on dried cloth for 6 hours, packed in 
polyethylene bags. Finally, the cheese curd left for 24 
hours at 5±1 °C, then stored at -18 °C for 30 days. 

2.2 Chemical characterization of Mozzarella 

cheese 

Cheese yield: Cheese yield=kg of cheese / kg of 
milk×100. Moisture, fat, and ash contents of milk, 
and cheese samples were determined according to 
AOAC (2016). Salt content of cheese was determined 
using the modified Volhards procedure as described 
by (Kosikowski 1982). Protein content of milk, and 
cheese were estimated using the semi micro-Kjeldahl 
procedure according to Ling (1963). Water soluble 
nitrogen (WSN), and non-protein nitrogen (NPN) 
were determined in cheese samples as described by 
Ling (1963). Total volatile fatty acids (TVFA) of 
cheese samples were determined according to 
Kosikowiski (1982) with 0.1 N NaOH. Calcium con-
tent of cheese samples were determined as described 
by Hankinson (1975) using Atomic absorption spec-
trophotometer No. 3300 (PerkinElmer, US instrument 
Division Norwalk, CT, USA). Calcium content by 
flam photometer carried out according to Cottenie et 
al., (1982) 

2.3. Titratable acidity and pH of Mozzarella 

cheese  

The titratable acidity and pH of milk and cheese 
samples were determined using NaOH (N/9) and 
phenolphthalein as an indicator according to Ling 
(1963). The pH of the cheese samples was measured 
using a pH-meter (Hanna Instruments Model 170300, 
Ingold, Knick, Germany).   

2.4. Physical properties mozzarella cheese   

The physical properties of Mozzarella cheese 
were measured during storage for 30 days as follows: 
melt ability (mm) of cheese was measured in dupli-
cate by using the melting test tube as described by 
Olson and Price (1958) with the modification of Ra-
yan et al. (1980). Stretch ability test (cm) of cheese 

was evaluated as described by Sabikhi and Kanawjia 
(1992) method. The fat leakage method as described 
by Ghosh and Singh (1992) was used to determine 
the oiling off ratio. Oiling off was recorded by com-
pared the area of fat leakage with the area around the 
original disk. The fat leakage was reported as a ratio 
of A/B where, A= Area of fat ring, B = Area of orig-
inal disc.  

2.5. Rheological properties of Mozzarella cheese 

Texture profile analyses (TPA) of Mozzarella 
cheese samples during storage for 30 days’ ware 
measured at 23ºC as described by Kosikowski (1982). 
Using an Instron Universal Tasting Machin model 
1195, StableMicro system. (SMS) LTD., Godalming, 
UK, loaded with Dimension software SMS program. 
Likwise, Penetration. 

2.6. Organoleptic properties 

The organoleptic properties of the resultant 
cheese were assessed by a test panel of 15 persons in 
Sakha Animal Production Research Station, Animal 
Production Research Institute according to the 
scheme described by Nelson and Trout (1981). 

2.7. Statistical Analysis 

Results were statistically analyzed design to 
study the effect of treatment using SAS (2004). 
However, the significant differences among means 
were tested using Duncan’s Multiple Range Test 
Duncan (2004). 

3. Results 

Cheese yield: 

It is clear from Figure (1) the yield % was in-
creased in fresh cheese as compared with period 
storage. It is also observable that the yield of treat-
ment control (T1) was higher than other treatments in 
fresh and the end period storage, which contained 
10.85, 10.5, and 10 from control T1, T2 and T3, re-
spectively. During storage, the yield of cheese was 
decreased in all treatments with advanced storage, 
may be due to changes in the moisture content. 

   

 

Fig: (1). The yield of mozzarella cheese from cow milk using different acidulates during storage for 30 days. 
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Table 1. Chemical changes of mozzarella cheese from cow milk using different acidulates during storage for 30 
days  

Parameter  
Storage 

(day) 

Cheese treatment 
Mean ± SE 

 (Control) T1  T2 T3 

Dry matter 

(DM) % 

Fresh 45.83±0.21 44.50±0.2 44.40±0.21 44.91±0.12c 

15 46.80±0.2 45.23±0.21 45.42±0.2 45.82±0.12b 

30 47.84±0.2 46.65±0.21 46.58±0.2 47.02±0.12a 

Mean ± SE 46.82±0.12A 45.46±0.12B 45.47±0.12B  

Fat/DM % 

Fresh 46.91±0.28 45.41±0.28 44.23±0.3 45.52±0.16b 

15 46.37±0.28 48.20±0.28 45.42±0.3 46.66±0.16a 

30 46.40±0.3 47.44±0.28 45.72±0.28 46.52±0.16a 

Mean ± SE 46.56±0.16A 47.02±0.16 ᴀ 45.12±0.16B  

Ash/DM %  

Fresh 8.00±0.05 7.90±0.05 8.06±0.05 7.989±0.03a 

15 7.94±0.05 7.61±0.05 7.87±0.05 7.806±0.03b 

30 7.90±0.05 7.48±0.05 7.67±0.05 7.686±0.03C 

Mean ± SE 7.95±0.03A 7.66±0.03B 7.87±0.03A  

Protein/DM%  

Fresh 46.20±0.5 43.11±0.5 41.55±0.5 43.62±0.5b 

15 48.23±0.5 44.63±0.5 42.87±0.5 45.25±0.5a 

30 47.55±0.5 45.96±0.5 43.67±0.5 45.73±0.5a 

Mean ± SE   47.33±0.5A        44.57±0.5B        42.70±0.5C      

Salt/DM % 

Fresh 2.50±0.03 2.49±0.03 2.83±0.03 2.61±0.03c 

15 2.62±0.03 2.68±0.03 2.87±0.03 2.72±0.03ᵇ 

30 2.82±0.03 2.85±0.03 2.97±0.03 2.88±0.03ᵃ 

Mean ± SE 2.65±0.03B 2.67±0.03B 2.89±0.03A  

(Control) T1, starter acidification; T2, GDL acidification; T3, direct acidification with citric acid. All parameters are rep-
resented as mean of replicates ±standard error. Means with different superscript letters are significantly different at p ≤0.05 

Table 2. Titratable acidity and pH changes of mozzarella cheese from cow milk using different acidulates during 
storage for 30 days.    

Parameter  
Storage 

(day) 

Cheese treatment 
Mean ± SE 

(Control) T1 T2 T3 

TTitratable acidity  

% 

Fresh 0.65±0.02 0.65±0.03 0.76±0.03 0.75±0.03 ͨ

15 0.89±0.03 0.89±0.03 0.95±0.02 0.92±0.03ᵇ 

30 1.11±0.02 1.11±0.03 1.04±0.03 1.06±0.03ᵃ 

Mean ± SE 0.88±0.01ᵝ 0.93±0.01ᶺ 0.92±0.01ᶺᵝ  

pH 

Fresh 5.63±0.06 5.65±0.06 6.17±0.05 5.82±0.01ᵃ 

15 5.05±0.05 4.95±0.06 4.98±0.06 4.99±0.01ᵇ 

30 4.69±0.05 4.68±0.05 4.66±0.06 4.68±0.01 ͨ

Mean ± SE 5.12±0.03ᵝ 5.09±0.03ᵝ 5.27±0.03ᶺ  

(Control) T1, starter acidification; T2, GDL acidification; T3, direct acidification with citric acid. All parameters are rep-
resented as mean of replicates ±standard error. Means with different superscript letters are significantly different at p ≤0.05 

 

Chemical properties of cheese 

The results of the chemical composition of all ex-
perimental of mozzarella cheese in fresh are shown in 
Table (1). Cheese from (Control) T1 had a higher sig-
nificant differences (P<0.05) in DM, fat/DM, Ash /DM, 

and Protein /DM content than other treatments. These 
results are mainly attributed to add type of acidification 
in milk cheese. The Salt / DM in treatments (Control) T1 
andT2 were lower than treatment T3. During storage, the 
Salt / DM content of all treatments increased until the end 
of period storage, but the DM in all treatments were 
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increased. Differences in the moisture content ran paral-
lel that of the cheese yield which indicate that the change 
in yield was related to change in moisture content.  

Data presented in Table (2) showed that the Titrata-
ble acidity and pH changes of mozzarella cheese from 
cow milk using different acidulates during storage for 30 
days at -18 °C. T2 was higher significant differences 
(P<0.05) in titratable acidity and the pH was lower in 
this treatment were mainly due to add GDL acidification 
in milk cheese than other treatments. The addition of 
GDL to cheese milk decreased markedly the dry matter, 
ash and salt/DM contents of the resultant cheese. The 
acidity percentages of GDL cheese treatments were 
higher than that other treatments cheese. the acidic 
properties of GDL.  The observed differences in cheese 
acidity and pH between the treatments may be related to 
a difference in cheese buffering capacities. The acidity 
of cow's milk cheese by starter acidification was lower 
than other treatments.  

However, Mozzarella cheese stored at -18°C, the ti-
tratable acidity of all cheese treatments increased signif-
icantly (P< 0.001), while the pH values of all samples 
decreased significantly (P< 0.001) during storage. The 
increase in pH may be associated with the gradual in-
crease in para-casein hydration and the increased availa-
bility of various protein residues (e.g., ε- and α-carboxyl 
groups of aspartic and glutamatic acids), which combine 
with H+ during storage and thereby reduce the hydrogen 
ion activity of the moisture phase of the cheese. 

Table 3 shows different variation in TN whereas 
slight increase was found (Control) T1 when added yo-
ghurt starter while added GDL and citric acid were de-
crease.TN, WSN/TN, NPN/TN and Total volatile fatty 

acids (TVFA) contents in Treatment (Control) T1 was 
significantly higher than that of the other treatments.  
The concentrations of fat and TN increased significantly 
in all cheese during storage at -18°C for 30 days. The 
changes in WSN, WSN/TN and TVFA contents of 
cheese between different treatments and within storage 
are shown in Table (3). Treatments had a large impact 
on both WSN and TVFA. Age (during storage for 
30days) also had an effect on WSN and TVFA.  The 
treatment (Control) T1 had higher water soluble N, 
WSN/TN and TVFA than the other samples of cheeses.   

As storage time increased, both WSN and TVFA 
significantly (P< 0.001) increased in all cheese treat-
ments. The rate of increase in proteolysis during storage 
occurred faster in cheese made using GDL, yoghurt 
starter. and direct acidification with lactic acid to pro-
duce cheeses at pH 5.9 (by direct acidification) and pH 
5.5 (directs acidification and culture addition) and ob-
served greater stretch ability and flow ability of the pH 
5.5cheese even though both had similar calcium levels. 
However, because of adding culture, the pH 5.5 cheese 
had higher protein breakdown during 30 days of storage.  

Results in Table (4) show that Calcium content of 
mozzarella cheese was affected by acidification treat-
ment, and storage periods The acidified treatments had 
less calcium content than the treatments at all times, and 
this was correlated with lower cheese pH. Pre acidifica-
tion with GDL caused a larger decrease in calcium than 
other acidification. Generally, the observed decrease in 
cheese calcium content and increase in whey calcium 
content with acidification was expected. The addition of 
acid to milk causes an increase in no micellar calcium.

Table 3. Ripening indices properties of mozzarella cheese from cow milk using different acidulates during storage 
for 30 days.    

Parameter  
Storage 

(day) 

Cheese treatment 
Mean ± SE 

(Control) T1 T2 T3 

Total Nitrogen 

(TN%) 

fresh 45.83±0.21 44.50±0.2 44.40±0.21 44.91±0.12c 

15 46.80±0.2 45.23±0.21 45.42±0.2 45.82±0.12b 

30 47.84±0.2 46.65±0.21 46.58±0.2 47.02±0.12a 

Mean ± SE 46.82±0.12A 45.46±0.12B 45.47±0.12B  

WSN/TN % 

fresh 46.91±0.28 45.41±0.28 44.23±0.3 45.52±0.16b 

15 46.37±0.28 48.20±0.28 45.42±0.3 46.66±0.16a 

30 46.40±0.3 47.44±0.28 45.72±0.28 46.52±0.16a 

Mean ± SE 46.56±0.16A 47.02±0.16A 45.12±0.16B  

NPN/TN%  

fresh 8.00±0.05 7.90±0.05 8.06±0.05 8.02±0.05a 

15 7.94±0.05 7.61±0.05 7.87±0.05 7.806±0.05b 

30 7.90±0.05 7.48±0.05 7.67±0.05 7.686±0.05c 

Mean ± SE 7.95±0.05A 7.66±0.05B 7.87±0.05A  

Total volatile 

fatty acids 

(TVFA) %  

fresh 7.37±0.06 6.53±0.06 6.72±0.06 6.88±0.06c 

15 15.26±0.06 12.50±0.06 14.59±0.06 14.12±0.06b 

30 20.10±0.06 18.52±0.06 19.48±0.06 19.37±0.06a 

Mean ± SE 14.25±0. 06A 12.52±0. 06C 13.60±0. 06B  

(Control) T1, starter acidification; T2, GDL acidification; T3, direct acidification with citric acid. All parameters are rep-
resented as mean of replicates ±standard error. Means with different superscript letters are significantly different at p ≤0.05 
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Table 4. Calcium content of mozzarella cheese from cow milk using different acidulates during storage for 30 days.    

Parameter 

(mg/100g)  

Storage 

(day) 

Cheese treatment 
Mean ± SE 

(Control) T1 T2 T3 

Calcium  

Fresh 0.60±0.001 0.58±0.002 0.65±0.001 0.61±0.001c 

15 0.63±0.002 0.59±0.001 0.68±0.001 0.63±0.001b 

30 0.64±0.001 0.60±0.001 0.71±0.002 0.65±0.001a 

Mean ± SE 0.62±0.001B 0.59±0.001C 0.68±0.001A  

(Control) T1, starter acidification; T2, GDL acidification; T3, direct acidification with citric acid. All parameters are repre-
sented as mean of replicates ±standard error. Means with different superscript letters are significantly different at p ≤0.05. 

Table 5. Physical changes of mozzarella cheese using different acidulates during storage for 30 days.    

Parameter  
Storage 

(day) 

Cheese treatment 
Mean ± SE 

(Control) T1 T2 T3 

Meltability (mm) fresh 116.00±2.17 115.00±2.17 120.67±2.17 117.22±2.17c 

15 147.00±2.17 135.67±2.17 145.00±2.17 142.56±2.17b 

30 173.00±2.17 168.33±2.17 157.33±2.17 166.22±2.17a 

Mean ± SE 145.33±2.17A 139.67±2.17A 141.00±2.17A  

Stretchability (cm) fresh 75.33±0.55 70.08±0.55 75.00±0.55 73.47±0.55c 

15 97.67±0.55 96.90±0.55 92.00±0.55 95.52±0.55ᵇ 

30 116.33±0.55 116.97±0.55 113.00±0.55 115.43±0.55ᵃ 

Mean ± SE 96.44±0.55A 94.65±0.55B 93.33±0.55B  

Oiling off fresh 2.45±0.05 1.48±0.05 2.30±0.05 2.08±0.05c 

15 4.73±0.05 3.10±0.05 3.48±0.05 3.77±0.05ᵇ 

30 5.27±0.05 4.43±0.05 4.36±0.05 4.69±0.05ᵃ 

Mean ± SE 4.15±0.05A 3.01±0.05C 3.38±0.05B  

fat leakage (cm²) fresh 34.67±0.57 34.67±0.57 33.33±0.57 34.22±0.57c 

15 36.67±0.57 38.00±0.57 36.00±0.57 36.89±0.57ᵇ 

30 42.00±0.57 42.00±0.57 41.00±0.57 41.67±0.57ᵃ 

Mean ± SE 37.78±0.57A 38.22±0.57A 36.78±0.57A  

(Control) T1, starter acidification; T2, GDL acidification; T3, direct acidification with citric acid. All parameters are rep-
resented as mean of replicates ±standard error. Means with different superscript letters are significantly different at p ≤0.05 

Meltability, oiling off and fat leakage of Mozzarella 
cheese: 

In a statistical analysis of all of the data for days 
fresh, 15, and 30 days combined, the cheese meltability 
and oiling off were affected (P < 0.001) by acidification 
treatment and day of storage.  

Table (5) presents the changes in meltability of 
Mozzarella cheeses over 30 days of storage at -18°C. 
The treatment T2 made with adding GDL to cheese milk 
displayed the lowest meltability. Cheeses containing 
GDL and citric acid (Treatments 2 and 3) were expected 
to show greater meltability resulting from the combined 
effects of acidification that reduced the calcium–casein 
interactions and stimulated primary proteolysis by start-
er. This occurred in cow's milk cheese, meltability in-
creased by 117.22, 142.56 and 166.22% at the end of 
storage for (Control) T1, T2, and T3 respectively. These 

results establish the impact of calcium reduction on 
meltability of cheese. 

Reducing the calcium causes increased interaction 
of proteins with surrounding serum, causing more hy-
dration of proteins and better melting of the cheese. As 
moisture is absorbed from fat serum channels into the 
protein matrix, the proteins become more hydrated. This 
allows the proteins to flow more easily when heated and 
results in improved meltability. The microstructure of 
reduced calcium cheeses also showed that such cheeses 
had more fat particles entrapped in the protein matrix 
compared with the control cheese, which might have 
contributed in better melting. Casein in the reduced cal-
cium curd better emulsifies fat so that less fat oozes out 
when the cheese is heated, resulting into better melting. 
During storage, an increase in melt area of the cheeses 
was observed (Table5). However, improvement in 
meltability of high calcium cheeses (Control) T1was 
more noticeable upon storage compared with that of the 
low calcium other treatments.
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Table 6. Rheological characteristics of mozzarella cheese from cow milk using different acidulates during storage 
for 30 days at 5 °C. 

Parameter  
Storage 

(day) 

Cheese treatment 
Mean ± SE 

(Control) T1 T2 T3 

Hardness 

(kg) 

Fresh 0.60±0.01 0.58±0.01 0.58±0.01 0.59±0.01ᵃ 

15 0.42±0.01 0.44±0.01 0.48±0.01 0.45±0.01ᵇ 

30 0.41±0.01 0.41±0.01 0.42±0.01 0.41±0.01c 

Mean ± SE 0.47±0.01B 0.48±0.01B 0.50±0.01A  

Chewiness 

(kg/mm) 

Fresh 4.28±0.02 4.26±0.02 4.20±0.02 4.25±0.02c 

15 5.44±0.02 5.34±0.02 5.26±0.02 5.35±0.02ᵇ 

30 6.263±0.02 6.14±0.02 6.25±0.02 6.22±0.02ᵃ 

Mean ± SE 5.33±0.02A 5.25±0.02B 5.24±0.02B  

Springiness (mm) 

Fresh 13.57±0.11 12.87±0.11 12.87±0.11 13.11±0.11c 

15 14.51±0.11 13.94±0.11 13.84±0.11 14.10±0.11ᵇ 

30 15.27±0.11 14.83±0.11 14.56±0.11 14.89±0.11ᵃ 

Mean ± SE 14.45±0.11A 13.88±0.11B 13.76±0.11B  

Cohesiveness 

(ratio) 

Fresh 0.45±0.01 0.44±0.01 0.46±0.01 0.45±0.01c 

15 0.53±0.01 0.47±0.01 0.49±0.01 0.50±0.01ᵇ 

30 0.58±0.01 0.55±0.01 0.53±0.01 0.55±0.01ᵃ 

Mean ± SE 0.52±0.01A 0.49±0.01B 0.49±0.01B  

(Control) T1, starter acidification; T2, GDL acidification; T3, direct acidification with citric acid. All parameters are rep-
resented as mean of replicates ±standard error. Means with different superscript letters are significantly different at p ≤0.05. 

 

Changes in cheese structure due to protein break-
down play an important role in contributing to increase 
melting of cheese during storage. Proteolysis of casein 
allows fat globules, which are initially dispersed in the 
protein matrix, (Kiely et al., 1992; Tunick et al., 1997). 
An increase in the meltability of cheese during storage 
can be explained in terms of changes in water and pro-
tein status within the cheese. Data presented in Table (5) 
showed that the acidification significantly increased (P< 
0.05) the Stretchability and oiling off values of the 
cheese. This may be explained by added acids formed 
certain emulsifying system led to the retention and 
binding tightly the fat in the curd (El-Zoghby 1994). 
From the obtained results were found that the type of 
acidification affected the values of oiling off, and 
stretchability in general the all cheeses showed the 
highest oiling off in all treatments. This may be related 
to the size of fat globules of the milk. 

The rheological role of casein in cheese is to pro-
vide a continuous elastic framework for individual 
cheese granules. Cheese made from (T2) was lower sig-
nificantly (P<0.05) in hardness, Chewiness, Springiness 
and Cohesiveness and chewiness than the other cheese, 
the gumminess is the product of hardness, cohesiveness 
a chewiness of cheese made from (T2) was less adhe-
siveness but more cohesive than others treatments. This 
property expressed mathematically as the product of 
gumminess the same trend of those property. Include 
those factors that affect the curd moisture content (as 
temperature of coagulate and drain whey) cheese com-
position, pH casein and serum protein Ca content, salt, 
fat and manufacturing of cheese for its many desirable 
functional and texture. In addition, increasing the mois-
turecontent might result in increase in the level of free 
moisture in cheese, this increased the hardness. 
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Table 7. Organoleptic properties of mozzarella cheese from cow milk using different acidulates during storage for 
30 days. 

Parameter  
Storage 

(day) 

Cheese treatment 
Mean ± SE 

(Control) T1 T2 T3 

Flavor   

(50) 

Fresh 42.00±0.47 42.00±0.47 42.33±0.47 42.11±0.27 a 

15 41.33±0.47 43.67±0.47 42.00±0.47 42.33±0.27 a 

30 41.67±0.47 41.33±0.47 41.67±0.47 41.56±0.27 a 

Mean ± SE 41.67±0.27 A 42.33±0.27 A 42.00±0.27 A  

Body and texture  

(40) 

Fresh 33.33±0.54 34.67±0.54 34.33±0.54 34.11±0.31 a 

15 32.67±0.54 33.33±0.54 34.67±0.54 33.56±0.31 a 

30 34.33±0.54 34.33±0.54 34.33±0.4 34.33±0.31 a 

Mean ± SE 33.44±0.31 B 34.11±0.31 AB 34.44±0.31 A  

Appearance (10) 

Fresh 6.00±0.53 6.67±0.53 7.33±0.53 6.67±0.31 a 

15 7.67±0.53 6.00±0.53 6.00±0.53 6.56±0.31 a 

30 6.67±0.53 6.67±0.53 6.00±0.53 6.44±0.31 a 

Mean ± SE 6.78±0.31 A 6.44±0.31 A 6.44±0.31 A  

Overall acceptability  

(100) 

Fresh 81.33±0.84 83.33±0.84 84.00±0.84 82.89±0.48 a 

15 81.67±0.84 83.00±0.84 82.67±0.84 82.44±0.48 a 

30 82.67±0.84 82.33±0.84 82.00±0.84 82.33±0.48 a 

Mean ± SE 81.89±0.48 A 82.89±0.48 A 82.89±0.48 A  

(Control) T1, starter acidification; T2, GDL acidification; T3, direct acidification with citric acid. All parameters are rep-
resented as mean of replicates ±standard error. Means with different superscript letters are significantly different at p ≤0.05. 

 

Organoleptic evaluation of Mozzarella cheese: 

Test panel evaluation values were recorded in Table 
(7). Mozzarella cheese made using three types of differ-
ent acidulates yoghurt starter and GDL and citric acid 
gained the highest score when it was fresh and also at the 
end of storage period. The sensory evaluation of all 
cheese treatments gradually improved during storage 
period reaching the highest score after 30 days of storage. 
So, from the previous study acceptable Mozzarella 
cheese can be made using GDL (T2), citric acid, and 
yoghurt starter. 

4. Discussion 

The yield of cheese during storage were decreased 
in all treatments with advanced storage, may be due to 
changes in the moisture content. These findings are 
partly in agreement with those reported by Salama et al. 
(1982). Differences in the moisture content ran parallel 
that of the cheese yield which indicate that the change in 
yield was related to change in moisture content. These 
results agree with those reported by various workers 
(Hofei et al., 1979; Mehanna and Rashed, 1990; Shehata 
et al., 1995).   

Titratable acidity and pH changes of mozzarella 

cheese from cow milk using different acidulates during 

storage for 30 days at -18 °C. T2 was higher significant 

differences (P<0.05) in titratable acidity, and the pH was 

lower in this treatment were mainly due to add GDL 

acidification in milk cheese than other treatments. The 

addition of GDL to cheese milk decreased markedly the 
dry matter, ash and salt/dm contents of the resultant 

cheese. Similar results were found by Jensen et al., 

(1987) The acidity percentages of GDL cheese treat-

ments were higher than that other treatments cheese this 

attributed to the acidic properties of GDL. The observed 

differences in cheese acidity and pH between the treat-
ments may be related to a difference in cheese buffering 

capacities as a result of different calcium levels (Metzger 

et al., 2001). The acidity of milk cheese by starter acidi-

fication was lower than other treatments. While the pH 

values of all samples decreased significantly (P< 0.001) 

during storage. The increase in pH may be associated 

with the gradual increase in para-casein hydration and 

the increased availability of various protein residues 

(e.g., ε- and α-carboxyl groups of aspartic and glutamatic 

acids), which combine with H+ during storage and 

thereby reduce the hydrogen ion activity of the moisture 
phase of the cheese. In turn, the increase in para casein 

hydration may be affected by changes in the equilibrium 

concentrations of soluble and colloidal calcium phos-

phate (Guo et al., 1997). During cheese manufacture, the 

micellar calcium in milk is retained in the cheese, while 

the no micellar calcium is lost in the whey. Therefore, as 

a result of acidification, the high level of no micellar 

calcium caused the observed decrease in cheese calcium 

content and increase in whey calcium content. Increased 

calcium content, decreased pH, and increased acidity of 

the whey resulting from acidification may have impacts 

on whey processing and whey product functionality (van 
Hooydonk et al, 1986 and Dalgleish and Law, 1988). 

shows different variation in TN whereas slight increase 
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was found (Control) T1 when added yoghurt starter 

while added GDL and citric acid were decrease. Similar 

results were found by Fahey (2005) who acidified cheese 

milk with lactic acid and added GDL as a powder with 

salt to the curd.TN, WSN/TN, NPN/TN and Total vola-

tile fatty acids (TVFA) contents in Treatment (Control) 

T1 was significantly higher than that of the other treat-

ments.  The concentrations of fat and TN increased sig-

nificantly in all cheese during storage at 5°C for 30 days. 

These results are in agreement with El-Zoghby (1994). 

The changes in WSN, WSN/TN and TVFA contents of 

cheese between different treatments and within storage 
are shown in Table (3).  Treatments had a large impact 

on both WSN and TVFA. Age (during storage for 

30days) also had an effect on WSN and TVFA. The 

treatment (Control) T1 had higher water soluble N, 

WSN/TN and TVFA than the other samples of cheeses.  

This is in accordance with the results of Abdel-Kader 

(1993). As storage time increased, both WSN and TVFA 

significantly (P< 0.001) increased in all cheese treat-

ments.  The rate of increase in proteolysis during storage 

occurred faster in cheese made using GDL, yoghurt 

starter. and direct acidification with lactic acid, Sheehan 
and Guinee (2004) produced cheeses at pH 5.9 (by direct 

acidification) and pH 5.5 (directs acidification and cul-

ture addition) and observed greater stretchability and 

flowability of the pH 5.5 cheese even though both had 

similar calcium levels. Also, during storage the calcium 

content of cheese increased in all treatments. the type of 

acidification affected the values of oiling off, and 

stretchability in general the all cheeses showed the high-

est oiling off in all treatments. This may be related to the 

size of fat globules of the milk. The bigger size of fat 

globule. in milk led to more oiling off in the cheese 

product (Bikash et al., 1996). Also, Kindstedt (1993) 
mentioned that fat leakage was increased with increasing 

cheese fat on DM basis. The amount of free oil increases 

at higher cheese fat levels (Tunick, 1994; Tunick et al., 

1997). and pH 5.5 (directs acidification and culture addi-

tion) and observed greater stretchability and flowability 

of pH 5.5 cheese even though both had similar calcium 

levels. However, because of adding culture, the pH 5.5 

cheese had higher protein breakdown during 30 days of 

storage. Increased calcium content, decreased pH, and 

increased acidity of the whey resulting from acidification 

may have impacts on whey processing and whey product 
functionality (van Hooydonk et al., 1986; Dalgleish and 

Law, 1988). The stretchability and oiling off values of 

the cheese. This may be explained by added acids 

formed certain emulsifying system led to the retention 

and binding tightly the fat in the curd (El-Zoghby 1994). 
Changes in cheese structure due to protein play an im-

portant role in contributing to increase melting of cheese 

during storage. Proteolysis of casein allows fat globules, 

which are initially dispersed in the protein matrix, (Kiely 

et al., 1992). gumminess is the product of hardness, co-

hesiveness and chewiness of cheese made from (T2) was 

less adhesiveness but more cohesive than others, these 
results were in agreement with Kaminarides et al., 

(2000), and Awad (2011) who described the chewiness 

to be number of chews required to swallow a certain 

amount of sample. The sensory evaluation of all cheese 

treatments gradually improved during storage period 

reaching the highest score after 30 days of storage. So, 

from the previous study acceptable Mozzarella cheese 

can be made using GDL (T2), citric acid, and yoghurt 

starter. 

 5. Conclusions 

The results of the present study for manufactured 

Mozzarella cheeses from additives of acidification to 

milk showed that cheese from (Control) T1 was higher 

in yield DM, fat/DM, Ash /DM, Protein /DM, water 

soluble N, WSN/TN and TVFA content than other 

treatments while T2 was lower in the pH, Ca, hardness, 
Chewiness, Springiness, Cohesiveness, and chewiness 

than others treatments. Mozzarella cheeses cheese made 

from meltability increased by 117.22, 142.56 and 166.22% 

at the end of storage for T1, T2, and T3 respectively.  
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