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Abstract: The objective of the current study was to investigate the impact  of using Transglutaminase at different 
dosage on some Physico-Chemical, and sensory attributes of obtained low fat kashkaval cheese and to monitor the 
changes of cheese quality during  the ripening  period. Results revealed that, by adding TGase, low fat cheese yield 
increased. There is also an increase in moisture, fat based on dry matter, total nitrogen, Salt on moisture content as 
compared to low fat control cheese. These increments were proportional with TGase level added. While, there is a 
significant (p≤ 0.05) decrease in acidity %. Data showed that using Transglutaminase increased WSN %, WSN/TN %, 
FAA and TVFA compared with full and low fat control cheese. The addition of Transglutaminase to low-fat kashkaval 
cheese highly (P≤ 0.05) improved the flavour, the body & texture, appearance and overall acceptability. A linear 
relationship was found between the concentration of TGase used and the improvement of cheese sensory attributes. 
Low fat Kashkaval cheese can be successfully made from milk treated with 0.7 g TGase/L in order to obtain cheese of 
improved flavour, acceptable texture and good body. 
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INTRODUCTION 

Kashkaval cheese is one of the most popular semi-
hard cheeses in many Mediterranean countries. 
Kashkaval cheese formerly manufactured from sheep's 
milk. At present, it is manufacture from cows, goats, 
buffalo's or from a mixture of these milks, which may be 
raw or pasteurized. Kashkaval name is derives from the 
Italian cheese "Caciocavallo". It is particularly popular in 
Eastern Europe and Mediterranean region. This cheese is 
also found in Hungary, Croatia, and Turkey. The 
Romanians call this cheese cascaval, the Greeks kasseri 
while the Turkish prefer to interpret it as Ksara. 
Kashkaval belongs to the pasta filata cheeses. This means 
that the curd is given a hot bath during the production 
process (Alichanidis and Polychroniadou, 2008). 

In recent years, increased consumer interest on 
healthy lifestyle has led to an increased demand for low 
fat foods in particular low fat cheese. Fat acts as a 
plasticizer and affects cheese texture. Reduced and low 
fat cheeses are lacking in the distinctive cheese flavor 
and texture is not comparable to full fat cheeses (Koca 
and Metin, 2004; Ahmed et al., 2015). 

Transglutaminase (TGase) is one of the enzymes 
used recently to enhance the texture of cheese that is 
low in fat. By cross-linking the amino acids TGase 
forming bonds between several proteins reduces the 
protein bond between glutamic and lysine. The rate of 
TGase cross-linking depends on the macromolecular 
structure of protein involved. Many food proteins, 
particularly casein, which is the principle protein in 
milk, are good substrates for TGases. The cross-links 
introduced by this enzyme alter the structure of the 
protein and enhance its functional properties, such as 
texture, viscosity and capacity to retain water, without 
decomposing the nutritional content of the lysine 
residue (Seguro et al., 1996). TGase treatment can 
reduce cheese lesses, improve water retention in 
reduced fat cheeses and in turn increasing cheese yield 
and improving cheese quality. 

Therefore, the aim of this study was to 
investigate the impact of using transglutaminase at 
different dosage on some Pyhsico-Chemical, and 
sensory properties of obtained low fat kashkaval cheese 
and to monitor the changes of cheese quality during the 
ripening period. 

 
MATERIALS AND METHODS 

Materials: 
Fresh Cow’s and buffalo's milk were obtained 

from the herd of Faculty of Agriculture, Suez Canal 
University, Ismailia governorate. Direct Vat Starter 
(DVS) yoghurt culture containing Streptococcus 
thermophiles and Lactobacillus delbrueckii ssp. 
bulgaricus and Rennet powder, CHY-MAX were 
obtained from Chr-Hansen's laboratories, Denmark. 
Commercial salt was obtained from the local market. 
Calcium chloride was obtained from El-Naser 
pharmaceutical and chemical company, Cairo 
governorate, Egypt. Transglutaminase was obtained 
from Ajinomoto Europe Sales GmbH, Hamburg, 
Germany. 

Experimental procedure: 

Five treatments were carried out. Treatment 1 
(T1) was made from mixture of buffalo's and cow ̓s milk 
(1:1) standardized to 3.25% fat to serve as full fat 
cheese control. The other four treatments were made 
from mixture of buffalo's and cow’s milk (1:1) 
standardized to 1% fat, milk then divided to four 
portions: the first portion treatment 2 (T2) was regarded 
as low fat Kashkaval cheese control. Treatment 3 (T3), 
treatment 4 (T4) and treatment 5 (T5) were made by 
adding Transglutaminase (TGase) at the rate of 0.3, 0.5 
and 0.7 g/Liter respectively. Kashkaval cheese was 
manufactured according to Simov and Ivanov (2005) by 
the process described in Fig. (1). The levels, incubation 
and the inactivation temperature of TGase were used 
according to Ajinomoto applications data. The resultant 
cheese was stored for 45 days at 10°C and 80% relative 
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humidity. The whole experiment was repeated in 
triplicate and each analysis in duplicate and average 
results were tabulated. The chemical composition of 

standardized milk used to make full and low fat 
Kashkaval cheese is shown in Table (1). 

 
Table (1): Chemical composition (%) of standardized milk used to make low fat Kashkaval cheese (Mean value of 

three replicates) 

Type of milk TS% Fat% Casein C/ F 

Buffalo's and cow's milk (1:1) 12 3.25 2.6 0.8 

Low fat buffalo's and cow's milk (1:1) 9.5 1 2.6 2.6 

 
Cheese samples were analyzed when fresh, 15, 30 and 45 days for the chemical analysis and sensory evaluation. 

 
 

 
 

Milk 
   

Standardized to C/F=0.8/or 2.6 
   

Heating at 75°C/15 sec 
   

Cooling to 40°C 
   

Addition TGase 
   

Incubating at 40°C/60 min. 
   

Inactivation of TGase at 80°C/ 1 min. 
   

Cooling to 33°C 
   

Addition of Starter culture (1U/100L) 
                                                                              30 min.     
   

Addition of Starter culture (1U/100L) 
   
   

Addition of CaCl2 (0.02%w/v) 
   
   

Addition of rennet 
                                                   30-40 min.   
   

Addition of rennet 
   
   

Cutting curd (2cm)- stirring curd 
   

Scalding to 38-40°C for 40 min. 
   

Drainage-off the whey 
   

Cheddaring (36°C- 2h.) 
   

Kneading of curd (hot 12% NaCl solution 72°C) for 2 min. 
   

Moulding of cheese curd 
                                                                                 15 h.   

Waxing 
   

Storage at 10°C and 80% relative humidity for 45 days 
   

Fig (1): Flow sheet of the production of Kashkaval cheese treated with TGase 
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Methods of analysis: 

Analysis of cheese milk (Total solids; Fat; and 
Casein content) was carried out according to the 
methods described in AOAC (2007). Cheese samples 
were analyzed chemically when fresh and after 15, 30 
and 45 days of storage. Moisture content, water soluble 
nitrogen (WSN) and total nitrogen content (TN) were 
measured by Kjeldahl method using semi-micro 
Kjeldahl according to the methods described by AOAC 
(2007). Acidity was determined by the titration method 
according to Vujicic et al. (1996). pH value was 
measured by using (Jenway digital pH meter, Jenway 
Limited, England). Salt content was determined 
according to Volhard method and fat content by Gerber 
butyrometer described by Ling (1963). The yield of 
fresh cheese was recorded as kg of cheese/100 kg of 
cheese milk as the formula given by Fox et al. (2000). 
Free amino acids value was estimating (expressed as 
Absorbance at 507 nm/100µl WSN) using cadmium-
ninhydrin method as described by Folkertsma and Fox 
(1990). Total volatile fatty acids contents (TVFA) were 
estimated by the distillation method according to 
Kosikowski (1982), results were expressed as ml N/10 
NaOH per 100 g cheese. 

Sensory evaluation: 
The  sensory evaluation of cheese samples was 

evaluated according to the method of Pappas et al. 
(1996) when fresh and after 15, 30 and 45 days of 
storage with maximum score points for flavour (50 
points), body and texture (40 points) and appearance 
and colour (10 points). The sensory evaluation was 
carried out by 15 members of Dairy department, Faculty 
of Agriculture, Suez Canal University. 

Statistical analysis: 
All measurements were done in triplicate and 

analysis of variance with two factorial (treatments and 
storage period) were conducted by the procedure of 

General Linear Model (GLM) using CoStat (1998) 
under windows software version 6.311 and least 
significant difference (LSD) test were employed to 
determine significant difference at p<0.05. 

 
RESULTS AND DISCUSSION 

Cheese yield and chemical composition of cheese 
whey: 

Full fat cheese (T1) exhibit the highest yield 
(P≤0.05) among all treatments that is because the milk 
fat is one of the major components in which it is trapped 
in the protein matrix during cheese making Table (2). 
While, yield of low fat Kashkaval cheese decreased 
significantly (P≤0.05) compared to control full fat 
cheese. This due to fat in cheese can be replaced by 
moisture, but the increased moisture was not enough to 
fill the volume left by the reduction in fat (Ya-nan Hu et 
al., 2013). Cheese made from milk treated with 0.7 g/L 
TGase (T5) had higher (P≤0.05) yield than control low 
fat Kashkaval cheese and other treatments treated with 
TGase. Han and Spradin (2000) concluded that 
increasing yield of cheese could be due to whey protein 
retained in the cheese curd and reported that the 
proportion of whey protein product incorporated into 
the cheese curd increases essentially as the amount of 
TGase added is increased. These results in agreement 
with (El-Kholy, 2005; Ahmed et al., 2015; Karzan et 
al., 2016). 

Table (2) reveals TS%, Fat%, TP% of whey 
drained from cheese of different treatments as affected 
by TGase treated milk. The results indicated that TS, fat 
and protein (%) in the whey drained from full-fat 
treatment (T1) higher compared to all low fat 
treatments. As the amount of Transglutaminase 
increased the loss of TS, fat and protein in the whey 
decreased. These results in accordance with El-Kholy 
(2005) for low fat Tallaga cheese. 

 
Table (2): Effect of using different percentages of Transglutaminase on cheese yield and the chemical composition of 

low fat Kashkaval cheese whey (Mean of three replicates) 

Treatments 
Cheese yield 

(%) 
Chemical composition of whey 

TS% Fat% Protein% 

T1 12.70a 6.70a 0.3a 0.65a 

T2 9.00d 6.35b 0.2b 0.58b 

T3 9.86c 6.30bc 0.1c 0.51c 

T4 10.13b 6.26bc 0.1c 0.49d 

T5 10.36b 6.22c 0.1c 0.46e 

T1: control full fat, T2: control low fat, T3: 0.3 gTGase/L, T4: 0.5 g TGase/L, T5: 0.7 g TGase/L 
*a, b, c, d and e: means with the same letters among treatments are not significantly different (p > 0.05) 

 
Chemical composition of cheese: 

As shown in Table (3), moisture content of low 
fat Kashkaval cheese treatments pronouncedly (p≤0.05) 
higher than full-fat cheese (T1). According to Özrenk 
(2006), and Gauche et al. (2008), TGase-catalyzed 
cross-linking in casein micelles show a better water-
holding capacity, meaning that more free water can be 
entrapped in the rennet gel network, and therefore the 
moisture content increases. Furthermore, the differences 
in moisture content between the full fat and the low fat 
cheese may be attributed to their protein content, i.e. a 

higher protein content of low fat cheese may contribute 
to increase water binding capacity of the cheese matrix 
(Romeih et al., 2002; Ahmed et al., 2015). On the other 
hand, the moisture content of all treatments showed a 
marked (p≤ 0.05) decrease as storage period progressed. 
Similar results also observed by Abd El-Gawad et al. 
(2007), El-Aidie et al. (2019). According to Ya-nan Hu 
et al. (2013), more free water can be entrapped in the 
rennet gel network, and therefore the moisture content 
increases and this effect more pronounced for low fat 
cheese than full fat cheese. 
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Table (3): Effect of using different percentages of Transglutaminase on the chemical composition of low fat Kashkaval 

cheese during storage period at 10°C  (Mean of three replicates)  

Treatments 

Storage period (days) 

Mean Fresh 15 30 45 

Moisture content (%) 

T1 43.5 42.11 41.60 41.13 42.09E 

T2 45.70 43.67 43.03 42.41 43.70D 

T3 46.60 45.10 44.53 44.00 45.06C 

T4 47.23 45.80 45.26 44.77 45.77B 

T5 47.85 46.37 45.85 45.37 46.36A 

Mean 46.18a 44.61b 44.05c 43.54d  
* F/DM% 

T1 42.48 48.19 48.80 48.92 47.05A 

T2 15.15 15.48 15.51 15.74 15.47E 

T3 15.35 15.50 15.53 15.75 15.53D 

T4 15.92 15.85 16.04 16.07 15.97C 

T5 16.57 16.33 16.50 16.50 16.48B 

Mean 21.05d 22.27c 22.48b 22.59a  
*TN% 

T1 4.11 4.25 4.3 4.36 4.25D 

T2 6.22 6.36 6.49 6.53 6.40C 

T3 6.27 6.38 6.52 6.57 6.43C 

T4 6.29 6.44 6.56 6.61 6.47B 

T5 6.33 6.48 6.59 6.65 6.51A 

Mean** 5.844d 5.982c 6.092b 6.144a  
*S/M% 

T1 2.85 3.06 3.20 3.33 3.11C 

T2 2.80 3.07 3.23 3.40 3.13BC 

T3 2.88 3.08 3.21 3.36 3.13BC 

T4 2.90 3.10 3.25 3.37 3.16B 

T5 2.95 3.17 3.29 3.44 3.21A 

Mean** 2.88d 3.10c 3.24b 3.38a  

% Acidity 

T1 0.99 1.30 1.33 1.40 1.26A 

T2 0.85 0.94 1.00 1.20 0.99B 

T3 0.80 0.87 0.92 0.96 0.89C 

T4 0.78 0.84 0.88 0.93 0.86D 

T5 0.75 0.81 0.86 0.89 0.83E 

Mean** 0.83d 0.95c 0.99b 1.08a  

pH 

T1 5.36 5.33 5.33 5.30 5.33D 

T2 5.50 5.41 5.36 5.35 5.41C 

T3 5.56 5.45 5.41 5.38 5.45BC 

T4 5.59 5.52 5.45 5.41 5.49AB 

T5 5.60 5.56 5.48 5.44 5.51A 

Mean** 5.52a 5.45b 5.41c 5.38c  

See Table (2) for treatments designation 
*F / DM: fat on dry matter      *TN: total nitrogen         *S/M: salt on moisture 
**a, b, c &d and A, B, C, D & E: means with the same letters among treatments and storage period respectively are not significantly 
different (p> 0.05) 
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Changes in fat content based on dry matter 
(F/DM) of different Kashkaval cheese treatments during 
the storage period are shown in Table (3). It can be seen 
from values given in Table (3) that with increasing the 
level of Transglutaminase, there was a significant (P≤ 
0.05) increase in fat on dry matter (F/DM) content as 
compared with control low-fat Kashkaval cheese (T2). 
These results are in agreement with those reported by 
(El-Kholy, 2005; Ya-nan Hu et al., 2013). 
Transglutaminase can increase the gel strength of dairy 
products by catalyzing the covalent bond of Ɛ-(γ-
glutamyl) lysine. So, a stronger rennet gel catalysed by 
TGase can prevent rennet curd from being smashed and 
fracturing and hence fat loss reduced (Bönisch et al., 
2008). It was noticed that F/DM content of all cheese 
treatments increased significantly (P≤ 0.05) as storage 
period advanced. 

Data illustrated in Table (3) showed that total 
nitrogen content of low fat Kashkaval cheese treatments 
significantly (p<0.05) higher than that of control full-fat 
cheese (T1) when fresh and throughout the ripening 
period. Adding Transglutaminase at all levels studied 
were increased significantly TN content (p≤0.05) as 
compared with control full-fat (T1) and control low-fat 
(T2). Same results were found by El-Kholy (2005), 
Metwally et al. (2018). There is a significant (P<0.05) 
differences among all treatments throughout the storage 
period. During the 45 days of storage, the TN content 
increased significantly (p≤0.05) among all treatments. 
This increase might be due to loss of moisture content 
during the storage period. These results in agreement 
with Abd El-Gawad et al. (2007) for low fat gouda like 
cheese; Ya-nan Hu et al. (2013) for low fat cheddar 
cheese. 

Salt on moisture (S/M) content in the low fat 
treatments are higher (P≤ 0.05) than the full fat control 
cheese (T1). Also, with increasing the level of 
transglutaminase treated milk, there was a significant 
(p<0.05) increase in S/M content. Meanwhile, salt on 
moisture(S/M) content increased during the ripening 
period as a result of the decrease in moisture content. 
These results are in agreement with those reported by 
Santa and Srbinovska (2014), El- Aidie et al. (2019). 

From Table (3), it was noticed that the acidity of 

low fat cheese treatments was lower than control full fat 

cheese (T1). There was a significant (p≤0.05) decrease 

in acidity % and a significant (p≤0.05) increase in pH 

values with the increase of Transglutaminase levels 

added. Similar results also observed by El-Kholy (2005) 

for low fat Tallaga cheese. As shown in Table (3), there 

was a continuous increase in acidity and a decrease in 

pH values during the storage period, this mainly due to 

the development of lactic acids by lactose fermentation 

by starter culture bacteria. These results in agreement 

with El-Kholy (2005), Santa and Srbinovska (2014) for 

Galichki Kashkaval and Ibrahim et al. (2017) for UF- 

white soft cheese. 

Water soluble nitrogen content of cheese was 

considered an indication of proteolysis during ripening. 

Data given in Table (4) illustrated that Percentage of 

water soluble nitrogen of full fat control cheese (T1) 

was lower among all treatments. These result in 

agreement with Romeih et al. (2002), Awad et al. 

(2005). Water soluble nitrogen (WSN %) and water 

soluble nitrogen coefficient (WSN/TN %) increased 

significantly (p≤0.05) as storage progressed. Similar 

results reported by Niro et al. (2014), Talevski et al. 

(2017). Adding Transglutaminase at all levels increased 

water soluble nitrogen content and water soluble 

nitrogen coefficient significantly (p≤0.05) as compared 

with control full-fat (T1) and low fat kashkaval cheese 

(T2). These results are in agreement with El-Kholy 

(2005), Ahmed et al. (2015). El- Aidie et al. (2019) 

stated that the higher SN in cheese made with fat 

replacer may be attributed to excessive protein 

breakdown occurring through the growth of cheese 

microflora and proteolytic enzyme activity that 

eventually associate with extra moisture retained by fat 

replacers. The moisture (which contains soluble 

chymosin) content of the cheese with decreasing fat 

content might have been expected to increase the 

amount of proteolysis (Rudan et al., 1999). 

The colour intensity resulted from the reaction of 

water soluble extract of cheese with Cd-ninhydrine 

reagent was chosen as an indicator of the liberation of 

free amino acids as final product of proteolysis in 

cheese. Color development (A 507) in soluble water 

extracts of full and low fat cheeses during the storage 

period indicated that the concentration of free amino 

acid was related to the concentration of water soluble 

nitrogen and that the concentration of free amino acid 

increased during storage progressed. As it is expected, 

the low fat kashkaval cheese control (T2) had higher 

(P≤0.05) concentrations of FAA than full fat cheese 

control (T1). This may be due to the higher total 

nitrogen content in control (T2) than control (T1). El-

Kholy (1995), Khalil (2003) reported that concentration 

of amino acid increased significantly with decreasing fat 

content. Using Transglutaminase with different ratios 

increased (A 507) values significantly (p≤0.05). This 

may be due to the higher moisture content that activate 

the degradation of protein. Same trends were found by 

El-Kholy (2005), Ahmed et al. (2015). 

It is clear from Table (4) that total volatile fatty 

acids (TVFA) affected significantly (P≤0.05) with the 

fat content of the cheese, thus the control full-fat cheese 

(T1) had the highest (P≤0.05) value among all other 

treatments either when fresh or during the storage 

period. These results due to its higher fat ratio than the 

low-fat cheese treatments. Low fat kashkaval cheese 

containing TGase exhibited higher (P≤ 0.05) levels of 

total volatile fatty acid than control low-fat kashkaval 

cheese (T2). Also, TVFA content increased significantly 

(P≤0.05) with the increase of TGase ratios added. 

Ahmed et al. (2015) came to the same results in low-fat 

gouda like cheese. 
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Table (4): Effect of using different percentages of Transglutaminase on water soluble nitrogen (WSN), water soluble 

nitrogen coefficient, free amino acids (expressed as A507) and total volatile fatty Acids (TVFA) of 
Kashkaval cheese during storage period at 10°C (Mean of three  replicates) 

Treatments 
Storage period(days) 

Mean 
Fresh 15 30 45 

WSN% 

T1 0.205 0.304 0.427 0.548 0.371E 

T2 0.246 0.334 0.465 0.601 0.412D 

T3 0.250 0.336 0.471 0.611 0.417C 

T4 0.253 0.340 0.476 0.619 0.422B 

T5 0.255 0.344 0.480 0.625 0.426A 

Mean 0.242d 0.332c 0.464b 0.601a  

WSN/TN% 

T1 4.988 7.153 9.930 12.569 8.66A 

T2 3.955 5.252 7.165 9.204 6.39E 

T3 3.987 5.266 7.224 9.299 6.44D 

T4 4.022 5.279 7.256 9.365 6.48C 

T5 4.028 5.308 7.284 9.398 6.50B 

Mean*** 4.19d 5.65c 7.77b 9.97a  

FAA (A 507 nm)* 

T1 0.014 0.063 0.108 0.164 0.087E 

T2 0.029 0.081 0.210 0.258 0.145D 

T3 0.031 0.095 0.218 0.263 0.152C 

T4 0.033 0.096 0.222 0.266 0.154B 

T5 0.034 0.099 0.227 0.270 0.158A 

Mean*** 0.028d 0.075c 0.197b 0.244a  

TVFA** 

T1 3.00 5.50 7.70 8.20 6.04A 

T2 1.20 2.00 3.10 3.50 2.45E 

T3 1.30 2.30 3.70 4.00 2.83D 

T4 1.50 2.60 4.00 4.50 3.15C 

T5 1.50 2.80 4.20 4.80 3.33B 

Mean*** 1.70d 3.04c 4.49b 5.00a  

See Table (2) for treatments designation 
*FAA expressed as absorbance at 507 nm/100µl of water soluble nitrogen. 
**TVFA expressed as ml 0.1 N NaOH/100g cheese 
***a, b, c & d and A, B, C, D & E: means with the same letters among treatments and storage period respectively are not 
significantly different (p> 0.05) 

 
Sensory evaluation: 

Data presented in Table (5), summarized the 
score recorded for flavour, body & exture and 
appearance of low fat Kashkaval cheese as affected by 
using TGase as an enhancer of cheese quality. In 
addition to the chemical composition of the different 
treatments of cheese, organoleptic aspects were given 
full consideration. Since the aim was to produce a good 
quality of low fat Kashkaval cheese, then the criteria of 
scoring was a vital importance. 

Full fat Kashkaval cheese (T1) gained the highest 
(P≤0.05) scoring points for flavour, body & texture, 
appearance and overall acceptability either for fresh or 
through storage period. White (1993) reported that milk 
fat has a crucial role in cheese quality attributes since it 
can provide a range of functional roles in cheese such 
as: 1) flavour, as a flavour component carrier; 2) 
texture, e.g. meltability, 3) structure stability and, 4) 
appearance. Control full-fat Kashkaval cheese after 45 
days of storage possessed a total score 95 points out of 
100 while control low fat (T2) scored 79 points out of 

100. The addition of Transglutaminase to low-fat 
kashkaval cheese highly (P≤0.05) improved the flavour, 
the body & texture, appearance and overall 
acceptability. These results are in accordance with El-
Kholy (2005); Ahmed et al. (2015); Karzan et al., 
(2016); Ibrahim et al. (2017). When fat is partially 
removed, as in low fat cheese, casein plays a greater 
role in curd texture development. There is inadequate 
breakdown of casein and therefore, the cheese appears 
to have a relatively firm texture. It is well known that 
milk fat provides a range of functional properties in 
cheese, contributing to sensory, structure and texture 
attributes of the product. Fat breaks up to protein matrix 
and plays the role of lubricant to provide smoothness 
and softer texture. In low fat cheese due to the 
dominating role of milk proteins, the product becomes 
hard and rubbery (Abd El-Gawad et al., 2007). Ahmed 
et al. (2015) found that addition of TGase improved the 
sensory properties of the resultant cheese ''especially the 
body and texture'' as a result of increasing its water-
holding capacity and the cross-linking bonds between 
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protein molecules. Özrenk (2006) stated that the 
introduction of additional covalent cross-linking by 
TGase represents a promoting tool to improve the 
functional properties for casein-based dairy products. 
The increase in TGase ratios had a positive effect on 
sensory attributes of all cheese samples. These results 
consistent with El-Aidie et al. (2019) for low fat Edam 
cheese and Chatlia et al. (2019) for low fat mozzarella 
cheese. 

In general, for all cheeses total score points were 
higher (P≤ 0.05) at 45 days old cheeses as compared 
with fresh cheeses; this is well known that degradation 
of casein improve both texture and flavour. It was 
noticed that treatment 5 (0.7 g TGase/L) gained the 
highest (P≤ 0.05) score for all sensory properties among 

all low fat Kashkaval cheese treatments when fresh and 
throughout ripening period. 

The results obtained in this study indicate that 
using Transglutaminase improved low fat Kashkaval 
cheese yield, chemical composition and sensory 
properties when fresh and along storage period. A linear 
relationship was found between the concentration of 
TGase used and the improvement of cheese sensory 
attributes. The addition of Transglutaminase to low-fat 
kashkaval cheese highly improved the flavour, the body 
& texture, appearance and overall acceptability. Results 
concluded that low fat Kashkaval cheese can be 
successfully made from milk treated with 0.7 g TGase/L 
in order to obtain cheese of improved flavour, 
acceptable texture and good body. 

 
Table (5): Effect of using different percentages of Transglutaminase on the Organoleptic properties of Kashkaval 

cheese during ripening periods at 10°C (Mean of three replicates) 

Mean 
Storage period (days) 

Treatment 
45 30 15 Fresh 

 Flavour (50 points)  

39.50A 48 45 35 30 T1 
31.25E 40 33 27 25 T2 
34.83D 44 40 30 26 T3 
35.75C 45 42 30 26 T4 
36.50B 45 43 32 26 T5 

 44.4a 40.5b 30.8c 26.6d Mean 

Body & Texture (40 points) 

32.00A 38 35 30 25 T1 
24.25E 32 28 20 17 T2 
26.50D 34 30 23 19 T3 
28.25C 36 32 25 20 T4 
29.00B 36 33 25 22 T5 

 35.2a 31.6b 24.6c 20.6d Mean 

Appearance and colour (10 points) 

8.50A 9 9 8 8 T1 
6.75D 7 7 7 6 T2 
7.50C 8 8 7 7 T3 
7.75B 8 8 8 7 T4 
7.75B 8 8 8 7 T5 

 8.0a 8.0a 7.6b 7.0c Mean 

Overall acceptability (100 points) 

80.08A 95 89 73 63 T1 
62.25E 79 68 54 48 T2 
69.00D 86 78 60 52 T3 
71.75C 89 82 63 53 T4 
73.25B 89 84 65 55 T5 

 87.60a 80.26b 63.00c 54.20d Mean 

See Table (2) for treatments designation 
**a, b, c & d and A, B, C, D & E: means with the same letters among treatments and storage period respectively are not 
significantly different (p> 0.05) 
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 التأثیر على - أ :تحسین جودة جبن الكشكفال المنخفض الدھن باستخدام الترانس جلوتامینیز
  التركیب الكیماوى والخصائص الحسیة

  عاطف محمد أبو النور، رفیق عبد الرحمن خلیل، محمد سمیح الصفتى، صفاء محمود مقبل ،أمیرة محمد الخولى
  مصر - الإسماعیلیة  41522 -جامعة قناة السویس  -كلیة الزراعة  - قسم الألبان 

  
الھدف من الدراسة ھو معرفة تأثیر استخدام ترانس جلوتامینز بنسب مختلفة على بعض الصفات الفیزوكیمائیة والحسیة لجبن الكشكفال 

أظھرت النتائج أنھ بإضافة الترانس جلوتامینیز یزداد تصافى الجبن . المنخفض الدھن ومراقبة التغیرات في جودة الجبن خلال فترة التسویة
مقارنة بالجبن  المائيالجافة والنیتروجین الكلي والملح منسوبا للمحتوى  بالنسبة للمادةھناك أیضًا زیادة في الرطوبة والدھن . ھنالمنخفض الد

) p≤0.05(بینما یوجد انخفاض معنوي  .كانت ھذه الزیادات متناسبة مع نسب الترانس جلوتامینیز المضافة). معاملة المقارنة(المنخفض الدھن 
أظھرت النتائج أن استخدام ترانس جلوتامینز أدى إلى زیادة النیتروجین الذائب والنیتروجین الذائب منسوبا إلى النیتروجین . الحموضة في نسبة

أدت إضافة ترانس جلوتامینیز إلى . الكلى والأحماض الأمینیة الحرة والأحماض الدھنیة الطیارة الكلیة مقارنة بالجبن الكامل ومنخفض الدسم
توجد علاقة ). P≤0.05(الكشكفال المنخفض الدھن إلى تحسین النكھة والقوام والملمس والمظھر ودرجة القبول العامة بدرجة معنویة جبن 

ملخص النتائج،  یمكن تصنیع جبن كشكفال منخفض الدھن  .خطیة بین تركیز الترانس جلوتامینیز المستخدم وتحسین الصفات الحسیة للجبن
 .لتر من أجل الحصول على جبن ذات نكھة محسنة وقوام وتركیب جید/جم ترانس جلوتامینیز 0.7معامل بـ بنجاح من اللبن اال


