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ABSTRACT 

Saturated fat consumption increases the risk of both coronary and cancer diseases. 

Therefore, fat reduction in UF-Feta cheese (≈ 45% FDM) is favorable but, unfortunately, 

it has some negative effects on the texture and sensory characteristics of the cheese. In this 

research, response surface methodology was employed to study the probably improving 

effects of WPC80 (0-20 gr kg-1), lecithin (0-2 gr kg-1) and a mixture of xanthan and guar 

(0-1 gr kg-1) on sensory and instrumental texture characteristics of low-fat UF-Feta cheese 

made from 6% fat retentate. Lecithin and xanthan-guar had positive and WPC80 had 

negative effects on hardness, chewiness, and gumminess of the cheeses. Furthermore, 

results showed lecithin had negative effects on taste, acceptance, and appearance and 

positive effects on sensory texture. The taste was improved by WPC and xanthan-guar 

enhanced sensory texture and acceptance scores. Finally, multiple response optimization 

method was used to determine optimized formula of low-fat cheese (19.47 gr kg-1 WPC80, 

0.5 gr kg-1 xanthan-guar and 0.13 gr kg-1 lecithin). A cheese sample produced based on 

optimized formula and full fat cheese had similar sensory and instrumental texture.  

Keywords: Optimization, Response surface methodology. 
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INTRODUCTION 

UF Feta is a soft cheese with 60% moisture, 

and 1-3% salt that is made using bovine milk 

with 3.8% fat. Whole milk is ultra filtrated to 

35% total solids, filled in the cup and rennet is 

added. The final product contains 16-22% fat, 

therefore, considerable fat is absorbed by 

consumers. UF Feta cheese is the dominant 

cheese in Iran which does not have ripening 

period and is consumable 72 hours after 

production (ISIR, 2002; Ghods Rohani et al., 

2009). 

Overindulging in fat consumption has 

increased risk of obesity, atherosclerosis, 

coronary heart diseases, and elevated blood 

pressure. Therefore, there are executing 

demands for reduced and low-fat products in 

the world. Consumers’ interest in decreasing 

fat have caused the development of low-fat 

foods in the world market (Kavas et al., 2004). 

In spite of consumers' interest, low-fat food 

products (like cheese) haven't been developed 

in Iran.  

Fat in cheese is the important component 

playing numerous roles in different aspects of 

the product quality. It is generally believed that 

low-fat cheeses are poor in sensory properties 

and protein dominated structure produces hard 

and rubbery texture. Off-flavor and bitterness 

are other defects that appear in low-fat 

cheeses. As a result, the manufacture of low-

fat cheese to create characteristics like those of 

full-fat cheese is a difficult task (Sipahioglu et 

al., 1999). In recent years, many studies have 

reported conclusions about the effect of fat 

reduction on the chemical and textural 

characteristics of cheeses and attempts have 

been made to develop new type of low-fat 
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cheeses (Laloy et al., 1996; Rudan et al., 1999; 

Tamime et al., 1999; Fenelon and Guinee, 

1999; Katsiari et al., 2002; Volikakis et al., 

2004; Erdem et al., 2005; Lteif et al., 2009; 

Saint-Eve, et al., 2009).  

Fat replacers are ingredients which are used 

to replace a part or whole of the natural fat 

content of a food to reduce the calorie intake 

by the consumer. Generally, fat replacers 

increase the moisture content and break down 

the continuous protein matrix of low-fat 

cheeses. Furthermore, some of the fat replacers 

simulate the mouth feel and creaminess of fat 

in low-fat cheeses. Most of the currently 

available fat replacers can be divided by 

composition into three categories: 

carbohydrate-based, protein-based, and fat-

based (Lucca and Tepper, 1994). Furthermore, 

many of the introduced fat replacers are blends 

of two or more ingredients, each of which 

contributes some key complementary quality. 

Therefore, finding a mixture of fat replacers to 

improve ideal characteristics of low-fat 

cheeses have recently been studied (Zisu and 

Shah, 2005; Totosaus and Guemes-Vera, 

2008; Lobato-Calleros et al., 2007; Nateghi et 

al., 2012).  

The effect of fat reduction on chemical, 

physical, and sensory properties of UF-Feta 

cheese is already reported in our previous 

studies. The cheese samples were 

manufactured from retentate in different 

amounts of fat (0, 2, 6, 10, 14, and 18%). A fat 

reduction from 18 to 14% caused 

improvement of sensory and texture 

characteristics of the cheese, but more fat 

reduction led to progressive loss of quality. 

Significant sensory and textural defects (poor 

taste and undesirable texture) were observed in 

the cheese sample with 6% fat in addition, this 

cheese sample with 6% fat is categorized as 

low-fat cheese (based on a standard 

classification in Iran) Therefore, this cheese 

sample was selected for further investigation 

as mentioned in this essay. The combination of 

applied fat replacers was determined based on 

manufacturing and evaluation of experimental 

low-fat cheese samples containing various fat 

replacers. Furthermore, efficiency of selected 

fat replacers was investigated in other 

literatures (Drake et al., 1996; Sipahioglu et 

al., 1999; Koca and Metin, 2004; Lobato-

Calleros et al., 2007; Nateghi et al., 2012). In 

the present study, a mixture of fat replacers 

including xanthan, guar gum, lecithin and 

WPC80 were applied to improve the physical 

and sensory characteristics of low-fat UF Feta 

cheese with 6% fat. 

MATERIALS AND METHODS 

Materials 

Retentate powder (80% protein, 9% 

lactose, 1% fat and 7% ash) and cream (30% 

fat and 35% solids) were obtained from 

MILEI (Germany) and Gush Co. (Iran), 

respectively. Rennet (Fromase 2200 TL, 

Granulate) and DVS starter (Delvo MT54Y 

DSL, including Streptococcus thermophillus 

and Lactococcus lactis subdivision cremoris 

and lactic) were purchased from DSM 

(Australia). The used fat replacers were a 

mixture of guar gum and xanthan (in relation 

20:80, Sigma), Lecithin (Sigma) and 

WPC80 (MILEI, Germany).  

Cheese Manufacture 

Reconstituted retentate (6% fat and 30% 

solids) was produced by means of vigorous 

mixing of water (556 g, 45°C), retentate 

powder (244 g), cream (200 g), and fat 

replacers in a laboratory blender (first of all, 

fat replacers were added to water to ensure 

complete dissolution), then, the mixture was 

pasteurized in 65°C for 30 minutes. Starter 

culture (0.01 g) and rennet (0.03 g) were added 

to retentate at 35°C and then retentate was 

filled into 100 g plastic cups. The coagulation 

stage was completed in an incubator (35°C for 

20 minutes). Later, a special paper was placed 

on the surface of the curd and 2 g salt was laid 

on the upper surface of the paper. Finally, the 

cups were covered by cellophane layers. The 

cheese samples were incubated (27°C for 24 

hours) and refrigerated (5°C for 48 hours) 

according to the ordinary manner in Iran UF 
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Feta cheese industries (Qods et al., 2009). 

Twenty batches of these cheeses were 

produced based on combination of fat 

replacers (samples 1-20 in Table 1) and were 

analyzed without passing any ripening period. 

Instrumental Texture 

Texture profile analysis (TPA) parameters 

were determined by using a texture analyzer 

(QTS25, CNS FARNEL, UK). A flat cylinder 

probe with 36 mm of diameter was attached to 

moving cross head. Cubic samples (20×20×20 

cm) were prepared at 5°C and immediately 

compressed to 50% initial height (10 mm 

Thickness). The cross head speed was set to 60 

mm min
-1
. and the characteristics of hardness, 

gumminess, and chewiness were measured in 

each sample, then, the penetration test was 

performed. A flat cylinder probe with 3 mm 

diameter was applied with the penetration 

speed of 30 mm min
-1
. The required force for 

10 mm penetration within cheese body was 

measured (Fox et al., 2000; Gunasekaran and 

Mehmet, 2003). Texture values were the mean 

of three replicates tested at each sampling 

time.  

Sensory Analysis 

The sensory evaluation was carried out 

with scoring test by ten panelists who were 

the PhD students of food science and 

technology in Iran. The panelists were 

familiar with cheese and sensory evaluation 

and were trained to evaluate the texture, 

taste, and total acceptance of samples using 

a score from 1 (unfavorable) to 5 (highly 

favorable). Washing the mouth was 

requested from the panelist before test of 

each 20 g sample (Koca and Metin, 2004).  

Statistical Analysis 

A three factor central composite design 

was used. The mixture components 

consisted of Lct (0-2 g kg
-1

), XG (0-1 g kg
-1

) 

and WPC (0-20 g kg
-1

) (Table 1). The 

response surface methodology was carried 

out to analyze the results. A Duncan 

multiple range test method was applied for 

mean comparison (P< 0.05). All the 

statistical analysis were carried out by 

Design Expert (version, 6.1.2) and 

MSTATC (version, 1.42) softwares.  

RESULTS AND DISSCUSSION 

Instrumental Texture Properties 

The mean values, regression model 

coefficient, and ANOVA of the response 

variables of texture evaluation were 

determined (Tables 1 and 2). Also, the effect 

of fat replacers on instrumental texture 

characteristics has shown (Figures 1a-d). 

Significant interactions between fat 

replacers led to increase in hardness, 

chewiness, and gumminess. Nateghi et al. 

(2012) found that the interaction effect of 

sodium caseinate with xanthan gum 

significantly (P< 0.05) increased the 

hardness of the experimental cheeses. 

Hardness 

The force necessary to attain a given 

deformation with a maximum force bite 

when the sample is placed between molars is 

termed as hardness (Nateghi et al., 2012). 

Results of hardness determination in TPA 

were inconsistent with penetration test and 

the correlation was significant (P< 0.0001, 

r= 0.88). The cheese sample including a 20 g 

kg
-1 

WPC80 as a fat replacer had the least 

hardness. Furthermore, the addition of 1 g 

kg
-1 

XG or 2 g kg
-1 

Lct resulted in a softer 

cheese samples than low-fat cheese without 

fat replacers. It has been frequently reported 

that the use of different fat replacers has 

decreased the hardness of cheeses 

(Bhaskaracharya and Shah, 2001; Romieh et 

al., 2002; Koca and Metin, 2004; Zisu and 

Shah, 2005). The low-fat cheeses are harder 

than full-fat types because of higher casein
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(a) (b) 

  
(c) (d) 

Figure 1. The effects of xanthan-guar and lecithin on (a) hardness Texture profile analysis (TPA) of 

cheeses, (b) (penetration test) of cheeses,  (c) gumminess of cheeses, (d) chewiness of cheeses. 

 

content. The fat in cheese is a lubricant and 

can break up the protein matrix so that 

cheese becomes softer (Koca and Metin, 

2004). In low-fat cheeses, fewer fat globules 

are incorporated within the protein matrix 

and the globules are usually smaller than in 

full-fat cheeses (Sipahioglu et al, 1999). 

Lobato-Calleros et al. (2000) applied WPC 

in low-fat Manchego cheese and indicated 

that the hardness of cheese had decreased.  

Hardness in cheese sample produced based 

on central point formula was less than low-

fat control cheese, but there were formulas 

that yielded cheese samples with increased 

hardness. For example, addition of 1 g kg
-1 

XG, 20 g kg
-1 

WPC and 2 g kg
-1 

Lct 

produced the hardest cheese. The results 

indicated that the amount of Lct and XG had 

an increasing linear effect on hardness of 

cheese (Figure 1-a). Indeed, different 

relative quantities of fat replacers were able 

to increase or decrease the hardness of 

cheese due to positive interaction between 

them (Table 2).  
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Gumminess 

Gumminess is defined as the energy 

needed to disintegrate a semisolid food until 

it becomes ready for swallowing (Nateghi et 

al., 2012). Gumminess decreased when 

WPC was added to the low-fat cheese (Table 

1). Moreover, gumminess decreased when 1 

g kg
-1 

XG or 2 g kg
-1 

Lct was added to 

retentate. Romieh et al. (2002) in the same 

way reported that adding Simpless-D100 

(Microparticulated whey proteins) reduced 

gumminess of cheese. WPC increased 

moisture of low-fat cheeses and disrupted 

protein matrix of cheese so that less force 

was needed to disrupt the texture of cheese 

in compression stage. The cheese sample 

containing maximum amounts of each fat 

replacer showed the most gumminess (Table 

1). This result indicates that there are 

mixtures of fat replacers which are able to 

increase the gumminess of low-fat cheese as 

a result of interactions between fat replacers 

(Table 2). According to (Figure 1-c), 

Lecithin and XG had an increasing effect on 

the gumminess of cheese samples.  

Chewiness 

Chewiness is defined as the number of 

masticates required for a certain amount of 

sample in order to satisfactorily decrease the 

consistency for swallowing (Nateghi et al., 

2012). The minimum chewiness was 

observed when WPC was the only fat 

replacer used. The WPC decreased 

chewiness of low-fat cheese, and this finding 

showed that this level of the WPC was able 

to loosen the structure of the protein matrix 

of cheese. Therefore, less energy is needed 

for chewing of the cheese in the mouth and 

preparing it for being swallowed. In 

agreement with this finding, low-fat Kashar 

cheese containing simpless-D100 as a fat 

replacer had a lower chewiness than low-fat 

Kashar cheese without any fat replacer 

(Koca and Metin, 2004). Similarly, Lobata-

Calleros et al. (2007) indicated that the 

chewiness of cheese was decreased by 

adding WPC to cheese milk. The amount of 

XG and Lct had an increasing linear effect 

on the chewiness (Figure 1-d). The low-fat 

cheese containing 2 g kg
-1 

Lct, 1 g kg
-1 

XG, 

and 20 g kg
-1 

WPC showed the highest 

chewiness among all samples. Therefore, fat 

replacers were able to increase or reduce 

chewiness based on their proportion because 

of the significant interactions (Table 2).  

Sensory Properties 

The mean values, regression model 

coefficient, and ANOVA of response 

variables of sensory evaluation were 

determined (Table 3 and 4). Also, the effect 

of fat replacers on sensory characteristics are 

shown in (Figures 2a-d). 

Texture 

The effects of XG and lecithin on the 

texture of low-fat cheese were significant 

(Table 4). The texture score of cheese was 

positively impressed by the use of XG and 

lecithin (Figure 2-a). WPC did not have any 

significant effect on the texture of cheese 

(Table 4). Different proportions of fat 

replacers yielded low-fat cheeses with 

different texture scores. Low-fat cheese 

without any fat replacer had a lower texture 

score because it was very hard and rubbery. 

This was expected because of the important 

role of fat in the body and texture of 

cheeses. A Low-fat cheese is generally 

recognized to have hard and rubbery texture 

(Mistry, 2001). Fat replacers disrupt the 

continuous protein matrix of low-fat cheeses 

resulting in improvement in texture. 

Similarly, Sipahiuglu et al. (1999) reported 

increased texture score when lecithin was 

used in low-fat Feta cheese.  

Taste 

In our study, low-fat cheese without any 

fat replacers had the minimum taste score  
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(a) (b) 

 
 

(c) (d) 

Figure 2. The effects of (a) xanthan-guar and lecithin on texture score of cheeses, (b) WPC80 and 

lecithin on taste of cheeses, (c) lecithin and xanthan-guar on appearance score of cheeses, (d) xanthan-guar 

and lecithin on total acceptance score of cheeses. 

 

 

(Table 3). Milk fat is recognized to be a very 

important component influencing cheese 

flavor. Low fat cheeses contain more 

moisture and less fat resulting in dilution of 

fat flavor and less pronounced flavor than 

full-fat cheeses (Sepahioglu et al., 1999). 

Different mixtures of fat replacers improve 

more or less taste score of low-fat cheese. 

Lecithin decreased and WPC significantly 

increased the taste score of low-fat cheeses 

(Figure 2-b). The effect of xanthan-guar on 

the taste score was not significant (Table 4). 

The panelists stated that the cheese samples 

containing lecithin had unfavorable and non-

dairy taste, therefore, the cheese samples 

without lecithin had a higher taste score. 

Sepahioglu et al. (1999) reported that 

cheeses with lecithin were criticized for 

foreign flavors by panelists so that lecithin 

adversely affected the flavor of low-fat Feta 

cheese.  
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Table 5. Properties of optimized low-fat cheese in comparison with full-fat and low-fat cheeses.
a
  

Treat. Texture Color Taste Acceptance Hardness 

(g)
b
 

Chewiness 

(g mm) 

Gumminess 

(g) 

Hardness 

(g)
c
 

LF
d
 1.9

 b
  1.8

b
 1.4

b
 1.3

b
 1838

a
 3198

a
 497

a
 71.3

a
 

OLF
e
 4.0

a
 4.2

a
 3.6

a
 3.4

a
 944

b
 2273

b
 321

b
 51.3

b
 

FF
f
 4.3

a
 4.1

a
 4.3

a
 4.0

a
 973

b
 1825

c
 270

b
 56.3

b
 

Model 3.1
a
 4.0

a
 4.0

a
 3.6

a
 800

b
 2189

b
 295

b
 46.8

b
 

a 
Values are the averages of Triplicates. Different letters in each column are indicative of a significant 

statistical difference (P< 0.05) between the values;
 b

 Measured by TPA test, 
c
 Measured by penetration 

test.     
d
 Low-Fat cheese; 

e
 Optimized Low-Fat cheese, 

f
 Full-Fat cheese. 

Appearance 

Feta is known as white cheese and fat 

reduction causes mainly changes in color and 

appearance of cheese because lack of the fat 

gives opacity to cheese. Fat reduction made 

the mozzarella cheese less white and more 

translucent (Rudan et al., 1999). In our study, 

in agreement with the aforementioned 

literatures, low-fat cheese had a lower 

appearance score because of translucency and 

reduced whiteness. The mixtures of fat 

replacers generally improved the appearance 

of low-fat cheeses (Table 3), but lecithin gave 

faint yellow color to cheese, which caused the 

decrease in appearance score (Figure 2-c).  

Total Acceptance 

According to (Figure 2-d), increasing the 

lecithin and XG, respectively, decreased and 

enhanced the total acceptance score of low-fat 

cheese. Lct had negative effects on flavor and 

appearance of cheese, as was already 

discussed.  

Numerical Optimization 

The optimization procedures were 

performed to predict the exact optimum level 

of independent variables (xanthan-guar, 

WPC80 and lecithin) leading to the desirable 

response goals (sensory and texture properties 

of full-fat cheese). The calculation was based 

on the analysis of sensory and physical 

evaluation results (Tables 1-4). The optimum 

mixture was determined as 0.5 g kg
-1 

XG, 0.13 

g kg
-1 

Lct, and 19.47 g kg
-1 

WPC with 0.75 

overall desirability and characteristics 

described in Table 5 (denoted in the table as 

Model). A low-fat cheese sample based on 

optimized formula was prepared and its 

sensory and physical properties were measured 

(Table 5). The results did not show any 

significant differences between sensory 

properties of FF and optimized LF cheese. 

Furthermore, optimized LF cheese showed 

more gumminess and chewiness, probably 

because of its higher cohesiveness and 

springiness. Comparison between LF cheese 

and optimized LF cheese showed that sensory 

properties successfully improved. 

Furthermore, hardness, gumminess, and 

chewiness of LF cheese were greatly more 

than the optimum quantity, while applying an 

optimum mixture of fat replacers was 

effectively able to improve physical properties 

of low-fat cheese.  

Abbreviation  

XG: A mixture of 20% guar and 80% 

xanthan; Lct: Lecithin; WPC: WPC80; 

FDM: Fat in Dry Matter; LF: Low-Fat; FF: 

Full-Fat, UF: Ultra-Filtration. 
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بهبود ويژگي هاي بافتي و حسي پنير فتاي فراپااليش كم چرب ساخته شده با 

  جايگزين هاي چربي

  ح. رشيدي، م. مظاهري تهراني، س. م. ع. رضوي و م. قدس روحاني

  چكيده

مي شود. به همين  و سرطان عروق كرونر بيماري خطر ابتال بهباعث افزايش هاي اشباع  چربي مصرف

نيز مطلوب ) درصد چربي در ماده خشك 45داراي حدود ( پنير فتاي فراپااليش ي درچرب جهت كاهش

با استفاده از  در اين تحقيق. پنير مي باشد حسي هاي ويژگي منفي بر بافت و اثرات داراي متاسفانه اما، است

 و كيلوگرم) بر گرم 2-0( لسيتين)، كيلوگرم بر گرم WPC80 )0-20 افزودن اثراتروش سطح پاسخ، 

بر روي ويژگي هاي حسي و بافت مكانيكي پنير فتاي كم  كيلوگرم) بر گرم 1-0( گوار و زانتان مخلوطي از

سفتي، حالت آدامسي و حالت صمغي درصد چربي مورد بررسي قرار گرفت.  6چرب حاصل از ريتنتيت با 
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ويژگي ها اثر منفي داشت. بر اين  WPC80اما افزودن بهبود يافت با افزودن لسيتين، زانتان و گوار  پنير

، حسي بافتبر  لسيتين اثرات مثبت، ظاهر پذيرش و، طعم و مزه بر لسيتين نشانگر اثر منفي، نتايج اين بر عالوه

در . بود و پذيرش حسي بر بافت گوار، زانتان اثرات مثبت طعم و مزه و در WPC80 اثرات مثبت استفاده از

 كيلوگرم بر گرم 47/19( كم چرب بهينه پنير فرمول براي تعيينبي پاسخ تركي سازي روش بهينه نهايت،

WPC80 ،5/0 مورد استفاده قرار گرفت) لسيتين كيلوگرم بر گرم 13/0و  گوار، زانتان كيلوگرم بر گرم .

آن،  مكانيكي بافت حسي و بهينه نشان داد كه خواص فرمول بر اساس شده توليد آزمايشي نمونهارزيابي 

  است.  پر چرب پنير نمونه بهينه سازي و توسط شده هاي تخمين زده ويژگيمشابه 
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