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ABSTRACT

Background. Today’s demand for low-fat dairy products, especially cheeses with favorable qualitative prop-
erties such as high-fat cheese, has increased. The main goals of this research are to optimize the textural 
hardness properties of ultrafiltrated, low-fat cheese (7–9%), to investigate the possibility of its production 
with various concentrations of galactomannan and novagel (0.1–0.5%), and to assess the physicochemical, 
textural hardness and sensorial properties of the produced low-fat cheese in comparison with full-fat cheese.
Methods. The textural hardness of the cheeses was tested by a texture analyzer (Stable micro system TA.XT 
plus Texture, London, UK) equipped with a load cell of 5 kg. The pH values were measured using the 
pH meter and acidity of the cheese samples according to AOAC standard no. 15004 (AOAC, 1995b). The 
moisture content and dry matter were measured according to AOAC standard number 920.124 (AOAC, 
1995a) as well. The total protein was measured according to AOAC standard no. 991.20 (AOAC, 2005). The 
amounts of salt and ash were measured according to AOAC (1995a) standard no. 945.46 (AOAC, 1995b),  
respectively.
Results. The results show that the textural hardness properties and sensorial properties of the cheese treat-
ment containing 9% fat, 0.5% galactomannan, and 0.3% novagel are very similar to selected control samples. 
Meanwhile, optimization of the textural properties of low-fat cheeses via the response-surface method shows 
that the treatment containing 9% fat, 0.32% novagel and 0.5% galactomannan fulfills the desirable properties 
of a full-fat cheese up to 100% desirability. 
Conclusion. The results of this research also show that by using galactomannan and novagel in the formula-
tion of low-fat cheese, it can be produced with favorable texture textural hardness and sensorial properties 
close to full-fat cheese.
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INTRODUCTION

Cheese is a general name that refers to a large group of 
fermented dairy products which are produced in vari-
ous tastes and shapes all over the world (Fox et al., 

2004). Ultrafiltration is a type of membrane separat-
ing operation which selectively concentrates milk 
protein and fat. The milk ultrafiltration process causes 
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the production of retentate and permeate. Permeate, 
which is called the passing phase or residue, contains 
water, lactose, soluble minerals, non-protein nitrogen, 
and water soluble vitamins, and the retentate, or con-
centrated milk, which is also called the indissoluble 
phase, includes casein, whey proteins, fat, and colloi-
dal salts. Water elimination prior to the cheese making 
process leads to a decrease in the required syneresis 
rate, and whey proteins mostly remain in the clot dur-
ing the cheese making process (Bylund, 1995). In the 
form of ultrafiltration, this type of cheese is heavily 
consumed during breakfast in Iran as well and, since 
the fat content of this product is usually high, remark-
able efforts have been made in order to reduce the fat 
content in this important foodstuff (Madadlou et al., 
2005; Rudan et al., 1999).

There is a lot of evidence to indicate a relation-
ship between more fat consumption and an increased 
risk of diseases such as obesity, atherosclerosis, coro-
nary heart disease, cancer tissue damage, and types of 
distinct cancers. With regard to the aforementioned 
issues and increased awareness of people towards fat 
consumption, a remarkable increase has occurred in 
the demand for low-fat products like low-fat cheeses 
(Katsiari et al., 2002; Kavas et al., 2004).

Besides its nutritional value, cheese fat has a great 
role to play in the improvement of cheese texture and 
appearance. Low-fat cheese has some kinds of defects 
such as a rigid and elastic texture, undesirable color 
and taste, and poor melting quality (Mistry, 2001). 
Due to a decrease in fat content, the cheese protein 
network becomes more compressed and denser and 
the cheese texture becomes chewable (Romeih et al., 
2002). Hence, new methods such as changes in the 
common methods of production, selection of subcul-
tures, and application of fat substitutes (Katsiari et al., 
2002) have been created to produce low-fat cheeses 
containing the properties of high-fat ones. The use of 
fat substitutes has proved to be the best method for 
improving the productivity and textural features of 
a low-fat cheese in different research (Madadlou et al., 
2007b). 

Galactomannans are natural polysaccharides ob-
tained from the seed endosperm of some legumes 
which are used as gum in the food industry and some 
other industries (Zhang and Chen, 2013). These are 

very hydrophilic gums with high molecular weights 
and a set of polysaccharides and also some proteins 
which enhance viscosity through dissolving and dis-
tribution in water. Nowadays, these compounds are 
widely used in different industries for condensation, 
gel formation, film formation, foam stabilization, 
emulsion and dispersion, prevention of ice and sugar 
crystal formation, and the controlled release of tastes 
(Akbari et al., 2015).

Novagel is a mixture of Micro Crystalline Cel-
lulose (MCC) and guar gum driven from fruits and 
vegetables that can be used as a fat reducer in food 
processing (McMahon et al., 1996). 

Rahimi et al. (2007) applied hydrocolloids as the 
fat substitute in the low-fat type of these cheese and 
they could decrease the textural hardness parameters 
and improve its texture. They used two types of hydro-
colloids – gum arabic, and guar gum – as the fat sub-
stitute and next evaluated the effect of arabic gum, and 
guar gum on the textural properties of low fat cheese. 
The results showed that by reducing fat content the 
textural parameter values (hardness and cohesiveness) 
increase and the structure also compresses further. 
Likewise, the addition of tragacanth gum to cheese can 
cause an increase in the moisture content, a decrease 
in hardness, and an improvement of the sensory at-
tributes (Rahimi et al., 2007). Lobato-Calleros and his 
colleagues (2006) added different hydrocolloids, such 
as pectin, carboxymethyl cellulose, and arabic gum, 
to cheese as an alternative to fat. In their study, the 
cheese containing carboxymethyl cellulose showed 
similar textural and rheological properties to high-fat 
white cheese. The determination of the best gum level 
in the production of low-fat cheese that represents the 
same characteristics as the high-fat sample requires 
the performance of adequate experiments, which in 
turn has costs and processes. Response surface meth-
od – RSM is an appropriate tool for optimizing the 
formulation of new products. Through the application 
of this method, the number of treatments, and subse-
quently the research, decrease remarkably (Goudarzi 
et al., 2015). The aim of this study was to evaluate 
the physicochemical, textural hardness and sensorial 
properties of ultrafiltrated low-fat cheese containing 
galactomannan and novagel gum.
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MATERIALS AND METHODS

Materials
To prepare the cheese, retentate powder (80% pro-
tein, 9% lactose, 1% fat and 7% ash), reconstituted 
retentate (6% fat and 30% solid) and butter (proteins: 
0.49%, water: 16%, fat: 82%), were purchased from 
Pegah (Tehran, Iran). Novagel® 110 was purchased 
from Food Chem (Shanghai, China) and galactoman-
nan from Veer (Surat Gujarat, India). Standard cheese 
rennet (single strength fermentation-derived chymo-
sin) and mesophilic lactic starter cultures (R-704) 
were purchased from Chr. Hansen (Milwaukee, USA) 
and salt was purchased from Golha, (Tehran, Iran). 
The chemical materials used for the tests were com-
prised of boric acid, sodium hydroxide 0.1 normal, 
nitric acid, potassium permanganate, mercuric oxide, 
oxalic acid, potassium sulfate (K2SO4), sulfuric acid, 
ammonium thiocyanate, normal silver nitrate 0.1, and 
phenolphthalein from Merck (Germany co.). 

Methods
Preparation of ultrafiltrated cheese. The experi-
mental cheese samples were prepared by mixing re-
constituted retentate (200 g), 45°C water (556 g), and 
retentate powder (244 g) in a pasteurizer at a tem-
perature of 50°C. Then, to adjust the final fat level in 
the ultrafiltrated cheese (7%, 8%, 9%, and 22%) but-
ter was used and again mixed well at a temperature 
of 60°C until the butter was fully melted. After that, 
different concentrations of novagel gum and galacto-
mannan were weighed and added to the mixture based 
on the treatments in Table 1. The mixture was well 
stirred and homogenized at a temperature of 75°C and 
a pressure of 90 bar using an Ultra-Turrax, IKA10, 
Germany T-Basic model homogenizer, and then pas-
teurized at a temperature of 78°C for 5 minutes in 
a pasteurizer (VB-1820J, Faraz Electronic, Iran). Af-
ter pasteurization, the temperature of the milk was 
reduced to 34°C and 0.03% mesophilic lactic starter 
cultures and 0.05% rennet enzyme were added to the 
mixture, then the mixture was stirred well and poured 
into 100 g containers. When the curds formed, 2% salt 
was added. Then thermal sealing was carried out us-
ing polypropylene laminated aluminum foil and the 
samples were incubated at 33°C for 24 hours before 
being transferred to a refrigerator at a temperature of 

5°C (Rashidi et al., 2015). After 72 hours, tests were 
repeated three times.

Textural profile analysis (TPA). The textural hard-
ness of the cheeses was tested by a texture analyzer 
(Stable micro system TA.XT plus Texture, London, 
UK) equipped with a load cell of 5 kg. To do this ex-
periment, a piece of cheese of the same dimensions 
was placed in the device and pressed twice by a press-
ing probe. Imitating human textural perception, the 
first and second pressures simulated the first and sec-
ond stages of human biting. In this method, the indexes 
of hardness were investigated (Rolle et al., 2012). To 
conduct the tests, a 3.6 mm diameter cylindrical probe 
with a progressive forehead was used at a tempera-
ture of 6°C when cutting and an ambient temperature 
(25°C) during testing, with a sample size of 1×1 cm 
and a pre-test of 30 mm/min.

Physicochemical tests. The pH value was measured 
using a pH meter and the acidity of the cheese samples 
was assessed according to AOAC standard no. 15004 
(AOAC, 1995b). The moisture content and dry matter 
were measured according to AOAC standard number 
920.124 (AOAC, 1995a) as well. The total protein was 
measured according to AOAC standard no. 991.20 
(AOAC, 2005). The amounts of salt and ash were 
measured according to Wolhard (1995) and AOAC 
standard no. 945.46 (AOAC, 1995b), respectively.

Sensorial evaluation. The sensory evaluation of 
the cheese samples was done by 10 trained sensory 
panelists. The panelists were not lactose intolerant or 
allergic to dairy product. The panelists evaluated and 
scored the cheese samples for texture, taste, color and 
overall acceptability. The scoring was performed us-
ing a 5-point hedonic scale (1 = the least favorable, 
5 = the most favorable; Goudarzi et al., 2015).

Design of treatments and data analysis method. 
To design the treatments, three independent variables 
were used to determine the fat content of low-fat 
cheeses (9–7%) and different concentrations of galac-
tomannan and novagel (0.1–0.5%) were used accord-
ing to the method of RSM Box Behnken (Table 1). 
Therefore, 15 treatments were designed and the results 
of the tests compared with high-fat cheese.
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The results of the tests on the textural and senso-
rial properties of the low-fat cheese samples produced 
were analyzed using the one-way Anova Tukey meth-
od, and compared with the control sample. To achieve 
the best formulation of low-fat cheeses with textural 
characteristics like those in the control sample, single 
and multiple optimization was carried out using RSM 
Box Behnken software. Then, the discovered textural 
properties of the full-fat cheese samples were regarded 
as the target. All results were analyzed in Minitab 16 
software.

RESULTS AND DISCUSSION

Physicochemical results
Table 2 shows the physicochemical properties of low-
fat ultrafiltration cheese containing various concen-
trations of galactomannan, novagel and the control 
sample.

Investigation of the effects of fat,  
novagel and galactomannan on the pH  
and acidity of ultrafiltrated low-fat cheese
The results presented in Table 2 show that reducing 
the amount of fat leads to a decrease in pH and acid-
ity. It was seen that the control sample had the highest 
pH (4.985) and the lowest acidity (0.805), while A2 
(containing 7% fat and 0.3% galactomannan and 0.1% 
novagel) had the lowest pH (4.810) and the highest 
acidity.

Using galactomannan and novagel gum has a sig-
nificant effect on pH and acidity variations, which 
could be due to the nature of the pH of the consumable 
gum used in this study. The pH measured for galacto-
mannans and novagel were 7.41 and 3.5, respectively. 

On the other hand, by increasing the concentration 
of hydrocolloids, the moisture content of the cheeses 
increased and, as a result, the function of chymosin 
also increased (Zalazara et al., 2002), this lead to an 
intensification of proteolysis and a release of acidic 
carboxylic groups. This in turn increased the acidity, 
which caused a reduction in pH.

Azarnia et al. (1997) reported that increasing mois-
ture accelerates cheese lipolysis, which leads to an in-
crease in fatty acid production and finally a decrease 
in pH and increase in acidity. The results of the low-fat 
cheese samples of C1 (0.3% galactomannan and 0.1% 
novagel), C2 (0.5% galactomannan and 0.3% novagel) 
and C4 (0.3% galactomannan and 0.5% novagel), all of 
which contained 9% fat, were not significantly differ-
ent from the control sample (P > 0.05).

Confirming the results of this research, Ghanbari 
Shandi et al. (2011) also found that increasing concen-
trations of xanthan gum lead to an increase in acidity 
and a decrease in pH in reduced fat samples. Aminifar 
et al. (2014) have also observed a lower pH in lighvan 
cheeses containing 0.02% tragacanth gum compared 
to those without tragacanth gum, on the first day of 
sample production. 

Cooke et al. (2013) reported a much lower de-
crease in the pH of full-fat cheddar cheese than low-
fat samples during the production period. The re-
search argues that, in low-fat samples or in samples 
containing hydrocolloids, the moisture-to-lactose 
ratio is higher than other samples, therefore it is 
easier for lactose to access lactic acid bacteria and, 
as a result, an increase in lactic acid and a decrease 
in pH occurs. Of course, it is worth mentioning that 
compounds created by proteolysis and lipolysis can 
play a role in changes of pH.

To optimize the characteristics of ultrafiltrated Ira-
nian white cheese with a low-fat content, Rustamabadi 
et al. (2017) reported that some fat substitutes have re-
duced a fat content without a significant effect on pH. 
Therefore, for similar cases, decreasing the amount of 
fat leads to an increase in the moisture content, the 
amount of soluble chymosin, and the ratio of soluble 
protein to the whole. This in turn results in an increase 
in carboxylic acid groups and the conversion of lac-
tose to lactate and, finally, a decrease in pH factors 
(Azarnia et al., 1997; Rahimi et al., 2007). On the other 
hand, decreasing the fat content leads to a decrease in 

Table 1. Different levels of independent variables including 
cheese fat content, various concentrations of galactomannan 
and novagel

Independent 
variable 

%

Content

1+ 0 1–

Fat 9 (C) 8 (B) 7 (A)

Novagel 0.5 0.3 0.1

Galactomannan 0.5 0.3 0.1
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the moisture to protein ratio, followed by a decrease in 
proteolysis, production rates and pH variation (Rudan 
et al., 1999).

Fenelon at al. (2000) reported that increasing the 
pH during the low-fat cheese production process may 

lead to a decrease in the amount of moisture in solids 
without fat, as well as the ratio of lactate to protein. 
Rahimi et al. (2007) used tragacanth gum as a fat re-
placer in low-fat cheese production and found that pH 
did not change when the gum was added.

Table 2. Physicochemical properties of low-fat ultrafiltration cheese containing various concentrations of galactomannan, 
novagel and control sample

Sample 
codes

Cheese 
fat
%

Galacto-
mannan

%

Novagel
% pH

Acidity
% acid 
lactic

Protein
%

Ash
%

Moisture
%

Dry matter
%

Salt
%

B1 8 0.3 0.3 4.95 
±0.02abc

0.83 
±0.00bcd

9.58 
±0.00e

4.91 
±0.04abc

69.33 
±0.04cde

30.66 
±0.04a

1.92 
±0.01abc

A2 7 0.3 0.1 4.81 
±0.01d

0.85 
±0.00a

10.34 
±0.05bcd

4.85 
±0.00 abcd

70.94 
±0.06a

29.05 
±0.06a

1.86 
±0.08c

B5 8 0.5 0.1 4.89 
±0.00Bcd

0.84 
±0.00abc

9.73 
±0.05de

4.89 
±0.09abc

69.56 
±0.03bc

30.60 
±0.03a

1.88 
±0.01bc

B2 8 0.3 0.3 4.91 
±0.01abc

0.83 
±0.00a

9.75 
±0.049de

4.86 
±0.00abcd

69.54 
±0.02c

30.46 
±0.04a

1.92 
±0.01abc

A4 7 0.5 0.3 4.84 
±0.01cd

0.85 
±0.00ab

10.44 
±0.05b

4.91 
±0.00ab

70.59 
±0.00a

29.40 
±0.00a

1.86 
±0.04c

C2 9 0.5 0.3 4.98 
±0.02 a

0.81 
±0.00fgh

9.46 
±0.049e

4.92 
±0.00ab

68.96 
±0.05e

31.54 
±0.33a

1.96 
±0.02ab

A1 7 0.3 0.5 4.86 
±0.02bcd

0.84 
±0.00abc

10.47 
±0.03a

4.91 
±0.01 ab

70.97 
±0.03a

29.02 
±0.03a

1.88 
±0.01bc

C1 9 0.3 0.1 4.95 
±0.04abc

0.81 
±0.00efgh

9.44 
±0.06e

4.86 
±0.00abcd

68.40 
±0.13f

31.54 
±0.76a

1.95 
±0.02abc

B4 8 0.1 0.1 4.86 
±0.03cd

0.84 
±0.00abc

9.60 
±0.01e

4.84 
±0.07 cd

69.10 
±0.14de

30.05 
±0.07a

1.89 
±0.01abc

B3 8 0.1 0.5 4.92 
±0.02abc

0.83 
±0.00cdef

9.84 
±0.04cde

4.85 
±0.00 abcd

69.41 
±0.14cd

30.58 
±0.12a

1.94 
±0.02abc

B7 8 0.3 0.3 4.90 
±0.01abcd

0.83 
±0.00a

9.72 
±0.04de

4.87 
±0.07 abcd

69.39 
±0.03cd

30.45 
±0.07a

1.91 
±0.02abc

C3 9 0.1 0.3 4.98 
±0.02 a

0.82 
±0.00defg

9.41 
±0.03e

4.95 
±0.00ab

68.90 
±0.00e

31.59 
±0.13a

1.90 
±0.08ab

B6 8 0.5 0.5 4.91 
±0.02abc

0.83 
±0.00cde

10.18 
±0.08cd

4.93 
±0.02abc

69.95 
±0.07b

30.90 
±0.14a

1.94 
±0.02abc

C4 9 0.3 0.5 4.94 
±0.04ab

0.81 
±0.00gh

9.45 
±0.04e

4.90 
±0.00abc

68.90 
±0.07e

31.59 
±0.13a

1.97 
±0.02ab

A3 7 0.1 0.3 4.83 
±0.02bcd

0.85 
±0.00a

10.41 
±0.58bc

4.86 
±0.00abcd

70.62 
±0.06a

29.37 
±0.064a

1.86 
±0.01c

D 23 0 0 4.98 
±0.00a

0.80 
±0.07h

9.35 
±0.04e

4.82 
±0.00d

66.46 
±0.14g

33.54 
±0.05a

1.98 
±0.01a

The results are given as mean values ±SD.
Different letters indicate a significant difference in each column.
D – control sample: prepared with 23% fat and no hydrocolloids.
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Nateghi et al. (2012) investigated the effects of so-
dium caseinate and xanthan gum as a fat substitute on 
low-fat cheddar cheese and found that pH and acidity 
did not change with the addition of sodium caseinate 
and xanthan. In other words, if the gum does not in-
duce acidification, it will not affect the acidity or the 
pH of the cheese (Lobato-Calleros et al., 2001).

The effects of fat, novagel and galactomannan 
on ultrafiltrated low-fat cheese protein
Table 2 shows that different levels of fat, novagel and 
galactomannan have a significant effect on the level 
of protein in the tested treatments (p ≥ 0.05). The re-
sults show that by decreasing the fat and increasing 
the amount of gum, the protein content of the tested 
treatments increased. The lowest protein after the con-
trol sample (9.355%) belongs to sample C3, which 
contained 9% fat, 0.1% galactomannan, and 0.3% no-
vagel, which is not statistically different from the con-
trol (P > 0.05). The highest protein content (10.475%) 
belongs to A1-code of the low-fat cheese sample con-
taining 7% fat, 0.3% galactomannan, and 0.5% no-
vagel, which is statistically different from the control 
sample (P ≤ 0.05). In low-fat cheeses, the cheese dry 
matter increases the contribution of protein. The pro-
tein content in the low-fat cheese samples was higher 
than in the full-fat control cheese sample. Since milk 
proteins are hydrophilic (Danesh et al., 2016), less hy-
dration was observed in the low-fat samples than in 
the full-fat ones. 

The results show that the protein content in cheese 
samples with an identical fat content, but a higher 
amount of gum is slightly higher due to the presence 
of protein in 4.03% galactomannan and 53% novagel. 
In addition, the increase in protein, which is induced 
by the increase in galactomannan and novagel, may 
be due to electrostatic contact between the gum and 
milk proteins, which prevents the protein from be-
ing wasted and thus increases its amount (Moham-
madzadeh Milani et al., 2017). By decreasing the 
fat content, the concentration of protein increases in 
the matrix, and the interconnection of casein-protein 
increases. This leads to texture congestion and may 
increase the amount of protein in fat-substituted 
cheeses due to increased porosity in the protein struc-
ture. This is due to the fat reduction and increase in 
the links created via the protein-carbohydrate-matrix 

leading to the encapsulation of water and establish-
ing of a linkage within the protein matrix (Madadlou 
et al., 2005; Mistry, 2001; Mistry et al., 1996). Nat-
eghi et al. (2012) used xanthan and sodium caseinate 
to produce low-fat cheddar cheese. The results show 
that by decreasing the fat content of cheese, the pro-
tein content is significantly increased (Nateghi et al., 
2012). Esperan et al. (2011) investigated the effects 
of carrageenan hydrocolloid, glucono delta-lactone, 
and calcium chloride on the properties of soy cheese 
(tofu). Carrageenan hydrocolloids probably form 
a good gelatinous network in the texture of the final 
product, holding more water in the final tofu structure 
and reducing the amount of water lost during com-
pression, and consequently, increasing the weight and 
protein content of the product (Braga et al., 2006; Vil-
laudy et al., 1990).

The effects of fat, novagel and galactomannan 
on ultrafiltrated low-fat cheese ash
According to the obtained results, the effects of dif-
ferent levels of fat, novagel, and galactomannan on 
the changes in ash in the tested treatments was sig-
nificant (P ≤ 0.05). According to the results in Table 2, 
the amount of ash increased significantly with a de-
crease in fat and an increase in the concentration of 
fat substitutes. The lowest amount of ash (4.825%) 
belonged to the control sample and the highest one 
(4.935%) belonged to the low-fat B6 (containing 8% 
fat and 0.5% galactomannan and 0.5% novagel). The 
aforementioned results indicate the direct effects of 
novagel and galactomannan on the increased ash due 
to the ash contained in the same hydrocolloids (0.74% 
galactomannan ash and 2% novagel). Mohammadza-
deh Milani et al. (2017) investigated the effects of 
tragacanth gum on the physicochemical properties of 
lighvan cheese during the production period. They ob-
served that the gum and maintenance period cause an 
increase in ash samples, which is similar to the results 
obtained by this research.

The effects of fat, novagel and galactomannan 
on ultrafiltrated low-fat cheese moisture
Table 2 shows that the effects of different levels of fat, 
novagel, and galactomannan on the moisture variations 
of the tested treatments was significant (P ≤ 0.05).
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According to the obtained results, by decreas-
ing the fat content and increasing the concentration 
of galactomannan and novagel, the moisture con-
tent increased in the tested treatments. Therefore, as 
it is seen, the highest moisture content (70.975%) 
belonged to the low-fat A1 code containing 7% fat, 
0.3% galactomannan and 0.5% novagel and the 
lowest amount of moisture after the control sample 
(68.405%) belonged to sample C1 (containing 9% 
fat, 0.3% galactomannan and 0.1% novagel), which 
is statistically significantly different from the control 
sample (P ≤ 0.05). Due to the fact that carbohydrate-
based fat alternatives have a higher water absorption 
(because of their open-electron structure), the carbo-
hydrate-matrix is compressed. This in turn leads to 
an increase in moisture content in cheeses contain-
ing fatty substitutes in comparison to low and full-
fat control samples (Bench, 2007; Drake et al., 1999; 
Ghanbari Shandi et al., 2011). It is worth mention-
ing that both the hydrocolloids used in this study are 
hydrophilic and have the moisture content: galacto-
mannan 9.20% and 12% novagel. Therefore, one can 
expect that their concentration in the treatments had 
the highest level, which is significantly more than the 
control sample.

Madadlou et al. (2007a) reported that low-fat 
cheeses containing gums have a higher moisture con-
tent than those of low-fat cheeses. This property was 
due to the bonding properties of these gums. Confirm-
ing the results of this study, Romeih et al. (2002) stat-
ed that the cheese’s moisture content has a negative 
correlation with the amount of milk fat used for cheese 
making.

Cardarelli et al. (2008) found that inulin and oli-
gofructose increase the amount of moisture in petit-
puisse cheese. Cooke et al. (2013) investigated the ef-
fects of tragacanth gum on the rheological, functional 
and sensorial properties of cheddar full and semi-fat 
cheeses during production and showed that adding 
gum increases the moisture content and moisture-to-
protein ratio.

Kurultay et al. (2000) investigated the effects of us-
ing carboxymethyl cellulose, gelatin and guar gum on 
physicochemical and efficiency of Kashar cheese. The 
results showed that using carboxymethyl cellulose and 
gelatin increase the moisture content and efficiency.

Effects of fat, novagel and galactomannan  
on dry material of ultrafiltrated low-fat cheese 
According to the obtained results, by increasing the 
amount of cheese fat there is a slight increase in the 
amount of dry material of the tested treatments. This 
caused the low-fat C4 sample (31.595%) contain-
ing 9% fat, 0.3% galactomannan and 0.5% novagel 
to have the highest amount of dry material after the 
control sample. Sample A1 containing 7% fat and 
0.3% galactomannan and 0.5% novagel had the low-
est amount of dry material (29.025%). This difference 
is not statistically significant from the control sample. 

In accordance with the results obtained by Nebi-
zadeh et al. (2016) the effects of tragacanth gum and 
initiator of exopolysaccharides on the qualitative, tex-
tural and microstructural properties of cheddar cheese 
are significant. This study showed that the treatments 
containing tragacanth gum had the lowest dry mat-
ter and the highest amount of salt. The reason for this 
is attributed to the absorption of water by tragacanth 
gum since water is directly attached to fat substitutes 
(such as tragacanth) preventing it from mixing with 
gelatin particles (Koca and Metin, 2004). Moreover, 
the negative charge of tragacanth gum created a bond 
with positively charged caseins causing spatial stabili-
zation (Dickinson, 1998). These conditions are likely 
to reduce coagulation due to the gap between casein 
micelles, and ultimately to reduce the hydrophobic 
bond between the para-casein micelles at the render-
ing stage. The tragacanth gum stabilizes the water, 
which means that a larger amount of water is kept in 
the initial matrix of the para-casein gel and an open-
matrix protein cheese is created in the final structure 
(Cooke et al., 2013). 

Lashgari et al. (2008) investigated the possibility 
of producing Iranian white cheese and the optimiza-
tion of its characteristics using arabic gum and guar 
gum. This study found that decreasing the amount of 
fat always reduces the dry matter of cheese. Guar gum 
has a higher capacity for holding water, resulting in 
a delay in gelatins turning into water and, therefore, 
a reduction, in the dry matter ratio of the cheese.

Variation of the dry matter and moisture created 
by fat reduction is due to the variation in the protein 
content of cheese. Reducing the fat content of cheese 
leads to an increase in protein ratios, which, in fact, 
increases the water holding capacity of the casein 
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matrix. These findings are consistent with the results 
of Volikakis et al. (2004).

The effects of fat content, novagel  
and galactomannan on changes  
in the ultrafiltrated low-fat cheese salt
Table 2 shows that different levels of fat, novagel and 
galactomannan significantly change the salt of the 
tested treatments (p ≥ 0.05). The results showed that 
by increasing the amount of fat and gum, the salt ab-
sorption increases significantly. The lowest amount 
of salt (1.860%) was found in A2 (containing 7% fat 
and 0.3% galactomannan and 0.1% novagel), A3 (con-
taining 7% fat and 0.3% galactomannan and 0.1% no-
vagel), and A4 (containing 7% fat and 0.5% galacto-
mannan and 0.3% novagel). Meanwhile, the highest 
amount of salt absorption belonged to the control sam-
ple (1.98%) and the low-fat sample of C4 (1.970%) 
containing 9% fat, 0.3% galactomannan and 0.5% 
novagel, respectively. There was no significant differ-
ence from the control sample (P > 0.05). The reason 
for the higher salt intake with the increased amount of 
fat in the treated treatments is related to the softened 
texture of the cheeses and better penetration of salt in-
side them. As a confirmation of the present study’s re-
sults, Aminifar et al. (2014) stated that salt penetration 
is higher in cheeses with a softer texture.

Lashgari et al. (2008) investigated the character-
istics of Iranian low-fat white cheese containing ara-
bic and guar gum and reported that using guar gum 
increased the amount of salt in the cheese. They said 
that the difference in salt levels is probably due to the 
difference in the level of moisture; the higher the level 
of moisture, the more salt enters the water phase of 
the matrix.

A study done in 2007 investigated the effects of salt 
concentration on the chemical composition and tex-
ture of Iranian white cheese. The results of these tests 
revealed that salt-water concentration has an impor-
tant effect on the chemical composition, proteolysis, 
structural composition, and rheological behavior of 
Iranian white cheese (Madadlou et al., 2007a).

In another study accomplished by Hayaloglu et al. 
in 2002, it was shown that the salt transferring from 
brine to cheese is related to cheese properties (mois-
ture, fat and surface area) and salt water conditions 
(salt amount, temperature, and acidity of salt water). 

When reducing the concentration of salt in the cheese 
completely, there is an increase in proteolysis, water 
activity, acidity and bitterness, while on the other hand, 
there is a decrease in rigidity and salinity (Fitzgerald 
and Buckley, 1985).

Nebizadeh et al. (2016) investigated the effects 
of tragacanth gum and the initiator of exopolysac-
charides producer on the characteristics of cheddar 
cheese. Since adding the tragacanth gum reduces the 
dry material of the samples, the moisture content will 
increase, thus the amount of salt will also increase sig-
nificantly due to water solubility.

Hosseini et al. (2011) investigated the physico-
chemical properties of imitated cheeses containing 
guar gum and lighvan aromatic cheese. The results of 
chemical tests showed that increasing the amount of 
cheese and guar gum did not significantly increase the 
fat, salt or moisture content. Fadaei et al. (2012) in-
vestigated the effects of using inulin, locust bean gum, 
carrageenan and sodium caseinate on creamy cheese 
properties. The results showed that use of these hy-
drocolloids does not have a significant effect on the 
amount of salt in the cheese.

The assessment of the texture hardness 
alteration of the ultrafiltrated low-fat cheese 
containing various concentrations  
of galactomannan and novagel
From a sensory point of view, hardness is the required 
power for compressing one sample between molar 
teeth and, from a mechanical point of view, it is the 
power needed to achieve one distinct deformation 
(Fox et al., 2000; Gunasekaran and Mehmet, 2003).

The textural hardness results of the low-fat ul-
trafiltrated cheese samples containing different 
concentrations of galactomannan and novagel are 
shown in Table 3. The results in Table 3 demon-
strate that, with fat reduction and the enhancement 
of galactomannan and novagel contents, the hard-
ness value of cheese increases and decreases, re-
spectively. The maximum hardness value (423.43 g) 
was in treatment A2 (containing 7% fat, 0.3% ga-
lactomannan, and 0.1% novagel) and the minimum 
value (142.49 g) was in treatment C4 (containing 
9% fat, 0.3% galactomannan, and 0.5% novagel), 
which have a significant difference to the control. 
It can be said that sample C2, which contained 9% 
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fat, 0.5% galactomannan, and 0.3% novagel has no 
significant difference to the control in terms of tex-
tural hardness (P > 0.05).

The increase in the textural hardness of the cheese 
through a reduction in fat content might be due to an 
absence of fat globules among casein particles and 
an increase in cheese compression. Fat globules and 
moisture act as the filler phase in the casein matrix 
and bring about the softness of cheese (Madadlou et 
al., 2005). Since in low-fat cheese formulation, as 
much as fat is reduced, it is not replaced by moisture, 
so the amount of filler phase in the matrix decreases 
and makes the network more compact (Romeih et al., 
2002; Rudan et al., 1999) and, consequently, a harder 
texture is obtained.

Along with the acquired results of this experiment, 
Bryant et al. (1995) reported that through the dimi-
nution of fat in cheddar cheese, moisture content and 
hardness increase. 

Połtorak et al. (2015) and McMahon et al. (1996) 
argued that fat reduction increases hardness and cheese 
grain drying, and also decreases the melting property. 
The application of fat substitutes such as gums can im-
prove the undesirable effects of fat reduction in low-fat 
cheeses (Nateghi et al., 2012). The reason for a reduc-
tion in hardness by adding galactomannan and no-
vagel gums might be associated with the higher ability 
of these compounds for water absorption. Therefore, 
water molecules along with gums imitate fat tasks in 
cheese and their position between protein molecules 
and prevent them from getting closer to each other. 
This results in softening the texture of low-fat cheeses 
(Romeih et al., 2002).

Fox et al. (2000) reported that water molecules 
placed between three-dimensional protein networks 
weaken its consistency and soften the product’s texture. 

In confirmation of the present research results, 
Ghanbari Shandi et al. (2011) produced Iranian low- 
-fat white cheese containing xanthan gum, and report-
ed that with the addition of xanthan gum, the amount of 
connected calcium micelles decreases and conversely 
the repulsion power between caseins increases, which 
leads to a weakness of the cheese structure bonds and 
an increased softness in the presence of gum. 

Mohammadzadeh Milani et al. (2017) investigated 
the effects of tragacanth gum on the physicochemical 
and textural properties of lighvan cheese during pro-
duction and showed that the hardness decreased with 
increased gum.

The results of the analysis of variance  
and modeling of the textural hardness  
of low-fat ultrafiltrated cheeses  
containing various concentrations  
of galactomannan and novagel
The analysis of variance for the textural hardness of 
low-fat ultrafiltrated cheeses containing different con-
centrations of galactomannan and novagel is illustrat-
ed in Table 4. The high coefficient of determination 
(R2 = 99.61%) indicated that the predicted model cor-
responded well to the experimental data. According to 
the analysis of variance results, the linear effects of 

Table 3. Investigation of hardness of low-fat ultrafiltrated 
cheese containing different concentrations of galactoman-
nan, novagel and control

Sample 
codes

Galacto-
mannan, %

Novagel 
%

Cheese 
fat, % Hardness, g

B1 0.3 0.3 8 294.62 ±4.03g

A2 0.3 0.1 7 423.43 ±1.61a

B5 0.5 0.1 8 319.32 ±2.76ef

B2 0.3 0.3 8 296.76 ±3.04fg

A4 0.5 0.3 7 374.87 ±3.93bc

C2 0.5 0.3 9 188.85 ±14.15k

A1 0.3 0.5 7 355.10 ±4.95cd

C1 0.3 0.1 9 220.72 ±1.95ij

B4 0.1 0.1 8 336.35 ±1.82de

B3 0.1 0.5 8 258.91 ±3.51h

B7 0.3 0.3 8 294.96 ±3.26g

C3 0.1 0.3 9 214.67 ±0.57j

B6 0.5 0.5 8 238.50 ±6.83hi

C4 0.3 0.5 9 142.49 ±0.75l

A3 0.1 0.3 7 393.35 ±1.87b

D 0 0 23 180.12 ±13.07k

The results are given as mean values ±SD.
Different letters indicate a significant difference in each column.
D – control sample: prepared with 23% fat and no hydrocolloids.
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galactomannan, novagel, and fat are significant for the 
cheese sample hardness values (P ≤ 0.05). The interac-
tion and quadratic effects of the independent variables 
are not significant for the hardness variations (P ≥ 0.05).

Equation (1) shows the polynomial model to pre-
dict the hardness (g) of low-fat cheeses containing 
different concentrations of fat (A), novagel (B), and 
galactomannan (C).

Y (g) = 295.447 – 97.502A – 38.103B –  
– 10.218C – 2.673A2 – 7.338B2 + 0.162C2 –  

– 2.476AB – 1.835AC – 0.845BC

The investigation of the independent variables’ 
interaction effects (the different concentrations 
of galactomannan, novagel, and fat)  
on the hardness variations  
in low-fat ultrafiltrated cheeses
Figure 1 illustrates the interaction effects of galacto-
mannan × fat, galactomannan × novagel, and fat × 

novagel on the hardness of the low-fat ultrafiltered 
cheeses. 

Figure 1A predicts the interaction effects of galac-
tomannan and novagel concentrations on variations 

Table 4. Regression of hardness texture of low-fat ultrafil-
trated cheeses

Hardness

Source F P

Regression 142.55 0.000*

Linear 426.40 0.000*

Fat (A) 1099.25 0.000*

Novagel (B) 167.87 0.000*

Galactomannan (C) 12.07 0.018*

Square 1.05 0.447

Fat × fat (A2) 0.38 0.564

Novagel × novagel (B2) 2.87 0.151

Galactomannan × galactomannan (C2) 0.00 0.972

Interaction 0.20 0.894

Fat × novagel (A × B) 0.35 0.578

Fat × galactomannan (A × C) 0.19 0.677

Novagel × Galactomannan (B × C) 0.04 0.874

Lack-of-fit 86.52 0.11

R2 99.61%
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Fig. 1. Contour plot showing hardness of ultrafiltrated 
low-fat cheese: A – novagel × galactomannan, B – galac-
tomannan × fat, C – novagel × fat
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in cheese hardness when fat content is fixed in the 
central point (8%). With an increase in galactomannan 
and novagel concentrations in the cheeses, the hard-
ness value decreased significantly. Based on the re-
sults, hardness values lower than 240 g were observed 
in the cheese containing 0.43 to 0.5% galactomannan 
and 0.11 to 0.5% novagel.

Figure 1B predicts the interaction effects of galac-
tomannan concentration and fat percentage on vari-
ations in cheese hardness when the novagel value is 
fixed in the central point (0.3%). With an increase 
in the concentrations of galactomannan and fat, the 
cheese hardness value decreased significantly. Based 
on the results, hardness values lower than 200 g were 
observed in the cheese containing 0.28 to 0.5% galac-
tomannan and 8.8 to 9% fat.

Figure 1C predicts the interaction effects of no-
vagel concentration and the fat percentage on vari-
ations in cheese hardness when the galactomannan 
value is fixed in the central point (0.3%). With an in-
crease in the concentrations of Novagel and fat, the 
cheese hardness value decreased significantly. Based 
on the results, hardness values between 150 to 200 g 
were observed in the cheese containing 0.28 to 0.5% 
Novagel and 8.6 to 9% fat.

Optimization of the hardness properties  
of ultrafiltrated low-fat cheese  
containing different concentrations  
of galactomannan and novagel
In order to produce a low-fat cheese with textural 
properties similar to full-fat cheese, an optimization 
technique was used in this study and the hardness 
value of the control high-fat cheese was considered as 
the objective. According to the results in Figure 2, the 
hardness value of the ultrafiltrated cheese containing 
9% fat, 0.32% novagel, and 0.5% galactomannan was 
predicted about 179.1644 g with 100% desirability. 
The predicted formulation of low-fat cheese was pro-
duced in the lab. The result of the experimental hard-
ness of cheese is 183.61 ±6.12. There is no significant 
difference between the predicted and the experimental 
cheese hardness. 

RESULTS OF SENSORIAL EXPERIMENTS

Investigation of the effects of fat,  
novagel and galactomannan on the texture  
of low-fat ultrafiltrated cheese 
The results in Table 5 show that by decreasing the fat 
content, the score of the texture decreased, while by 
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Fig. 2. Single optimization of ultrafiltrated low-fat cheese hardness
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increasing the galactomannan and novagel, the score of 
the texture increased. The lowest texture score (3.390) 
belonged to the A3 treatment containing 7% fat, 0.1% 
galactomannan and 0.3% novagel, while the highest 
texture score (4.770) after the control sample (4.950) 
belonged to the C2 treatment containing 9% fat, 0.5% 
galactomannan and 0.3% novagel, which didn’t show 
a significant difference from control sample (P ≤ 0.05).

Confirming the obtained results, Khedmati et al. 
(2013) investigated the effects of tragacanth gum on 
the texture of sheep’s cheese. The results indicated 
that adding tragacanth gum to low-fat cheeses im-
proves the textural and sensorial properties.

Rahimi et al. (2007) used tragacanth gum as a fat 
replacement for low-fat cheese, which reduced the 
hardness parameters of the texture, and improved 
some of the textural properties. 

Volikakis et al. (2004), used different concentra-
tions of beta-glucan extracted from oats as a fat substi-
tute and reported that it could correct all texture indices 
of salt-water, low-fat cheese. However, beta-glucan 
had a negative effect on the appearance and taste of 
cheeses. In 2006, Lobato-Calleros et al. used various 
hydrocolloids, including pectin, carboxymethyl cel-
lulose and arabic gum, as fat substitutes for low-fat 
cheese. The results showed that cheese containing 

Table 5. Sensorial properties (scores) of low-fat ultrafiltrated cheese containing various concentrations of galactomannan 
and novagel and control sample

Sample 
codes

Galacto-
mannan 

%

Novagel 
%

Cheese 
fat 
%

Texture Color Taste Acceptability

B1 0.3 0.3 8 4.350 ±0.042ef 4.770 ±0.042a 4.270 ±0.042cd 3.920 ±0.042bcde

A2 0.3 0.1 7 3.410 ±0.028h 4.715 ±0.049a 3.550 ±0.070i 3.650 ±0.495e

B5 0.5 0.1 8 4.064 ±0.056bcd 4.755 ±0.049a 4.350 ±0.070abcd 3.650 ±0.070cde

B2 0.3 0.3 8 4.420 ±0.028def 4.755 ±0.049a 4.160 ±0.056def 4.070 ±0.183abcde

A4 0.5 0.3 7 3.455 ±0.063h 4.675 ±0.035a 3.870 ±0.042fgh 3.450 ±0.495de

C2 0.5 0.3 9 4.770 ±0.042ab 4.760 ±0.042a 4.600 ±0.141ab 4.550 ±0.070abc

A1 0.3 0.5 7 3.450 ±0.070h 4.765 ±0.049a 3.960 ±0.056efgh 3.450 ±0.049de

C1 0.3 0.1 9 4.515 ±0.021cde 4.765 ±0.049a 4.200 ±0.141de 4.775 ±0.035ab

B4 0.1 0.1 8 4.480 ±0.028cdef 4.755 ±0.063a 3.850 ±0.007ghi 4.025 ±0.1065abcde

B3 0.1 0.5 8 4.00 ±0.141g 4.745 ±0.063a 3.950 ±0.070efgh 3.695 ±0.134cde

B7 0.3 0.3 8 4.320 ±0.042ef 4.740 ±0.056a 4.150 ±0.070defg 3.815 ±0.120bcde

C3 0.1 0.3 9 4.470 ±0.042cdef 4.765 ±0.049a 4.150 ±0.070defg 4.050 ±0.070abcde

B6 0.5 0.5 8 4.280 ±0.028f 4.770 ±0.042a 4.340 ±0.056bcd 4.415 ±0.091abcd

C4 0.3 0.5 9 4.670 ±0.042bc 4.770 ±0.028a 4.550 ±0.070abc 4.460 ±0.056abcd

A3 0.1 0.3 7 3.390 ±0.028h 4.765 ±0.049a 3.665 ±0.049hi 3.550 ±0.4955cde

D 0 0 23 4.950 ±0.070a 4.750 ±0.070a 4.650 ±0.070a 5.000 ±0.000a

The results are given as mean values ±SD
Different letters indicate a significant difference in columns.
D – control sample: prepared with 23% fat and no hydrocolloid.
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carboxymethyl cellulose exhibits similar textural and 
rheological properties to full-fat white cheese.

Ghanbari Shanndi at al. (2011) studied the rheo-
logical, physicochemical and sensorial properties of 
Iranian low-fat white cheese. The results indicated an 
improvement in the texture of low-fat cheese by in-
creasing the concentration of xanthan gum. 

Cooke et al. (2013) studied the effects of traga-
canth gum on the rheological and functional properties 
of full-fat and semi-fat cheddar cheese during storage. 
The results showed that tragacanth gum reduced the 
hardness and increased the softness of cheese during 
the production period, and improved the textural and 
functional properties of semi-fat cheese, while there 
was no sign of any adverse effects on the sensorial 
properties of the samples.

Drake et al. (1999) made use of lecithin of 0.2% 
and 0.5% for producing low-fat cheddar cheese and 
reported that lecithin improved the texture score in 
such a way that the score of low-fat cheeses contain-
ing the lecithin was higher than those without lecithin.

Sipahioglu et al. (1999) reported that adding leci-
thin to feta cheese caused a significant increment in 
the low-fat feta cheese’s texture score.

Investigation of the effects of fat,  
novagel and galactomannan  
on the color of low-fat ultrafiltrated cheeses 
Table 5 shows that the use of novagel and galactoman-
nan had no significant effect on the color of the cheese 
samples (p > 0.05). The color scores of all low-fat 
cheeses were not significantly different from the con-
trol sample and are classified in a statistically identical 
group (P > 0.05). To confirm the results of this study, 
Kavas et al. (2004) reported that there is no statisti-
cally significant difference in the overall appearance 
score of low-fat cheese with a fat replacer compared 
to full-fat cheese. 

Abd Karim at al. (1999) stated that adding kappa-
carrageenan to the formulated tofu produced by cal-
cium sulfate decreases the value of the b* index and 
consequently yellowness in comparison with the con-
trol sample. However, this does not follow a particular 
order or system. 

Romeih et al. (2002) reported that making use of 
simpless-D 100 increases the appearance score of low-
fat cheese.

Investigation of the effects of fat,  
novagel and galactomannan on the taste  
of low-fat ultrafiltrated cheeses 
The results in Table 5 show that changes in fat content 
and use of different densities of novagel and galacto-
mannan had a significant effect (p ≤ 0.05) on the taste 
scores of the produced cheeses. The results show that 
by reducing the amount of fat, the taste score decreas-
es, but it can be improved by adding galactomannan 
and novagel. 

The lowest taste rate (3.550) corresponded to treat-
ment A2 containing 7% fat, 0.3% galactomannan and 
0.1% novagel, while the highest taste score after the 
control sample (4.650) belonged to treatment C2 con-
taining 9% fat and 0.5% galactomannan and 0.3% no-
vagel, which had no significant difference compared 
with the control sample. The release of aromatic com-
pounds from low-fat cheeses is influenced by the com-
position of the cheese. The molecular weight and hy-
drophobic nature of volatile compounds contribute to 
their ability to release value from the cheese structure 
(Lindenberg, 1951). Previous researchers have found 
that the esters molecular weight is of great importance 
in their ability to release value from the cheese texture 
(Taylor, 2002).

In addition to molecular weights, the hydrophobic 
content of volatile compounds is also of important for 
maintaining their levels in protein environments (Sost-
mann and Guichard, 1998). Since cheese is a protein 
matrix, keeping long chain esters in it is higher than 
short chain ones (Jouenne and Crouzet, 2000).

The reason for the difference in the taste of full-
fat and low-fat cheeses is the difference in composi-
tion, the release of flavor and biochemical processes 
during production (Drake et al., 1999). Reducing the 
concentration of volatile compounds to affect the 
taste and odor resulting from the decomposition of fat 
along with bitterness is the main reason for the taste of 
cheeses, especially low-fat ones (Banks, 2004).

Milk fat has a major impact on the taste of cheese 
(Olson and Johnson, 1990), and lower-fat cheeses 
have a weaker taste mainly due to the higher moisture 
content and a lower share of fat in the cheese’s overall 
taste (Sipahioglu et al., 1999). The results of Koca and 
Metins’ research in 2007 state a higher taste rating in 
relation to a full-fat sample.
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Aminifar et al. (2014) reviewed the effects of xan-
than and condensed milk protein on the hardness of 
low-fat brined cheese and observed that, when xanthan 
is added to low-fat cheese, all of the esters released 
from the texture are decreased. This reduction in re-
lease is attributed to the bonding ability of the poly-
saccharides to aromatic compounds and trapping of 
the compounds in the gel network. Researchers have 
shown that the chemical properties of polysaccharides 
and the ability to form various bonds between them and 
aromatic compounds contribute to the release of these 
compounds, while resins such as xanthan and guar also 
have the ability to attach to flavor compounds (Jouenne 
and Crouzet, 2000; Naknean and Meenune, 2010). 

Boland et al. (2006) reported that increasing the 
food hardness reduces their absorbing of flavor. It 
states that using xanthan reduces the hardness of low-
fat cheese because of the ability of the polysaccharide 
to bind to esters and reduce the number which is re-
leased. It is worth mentioning that increasing the pro-
tein content of condensed milk in low-fat cheese will 
increase the hardness and the presence of beta-lac-
toglobulin, which has locations which bind to flavor 
compounds and reduces the release of esters (Amini-
far et al., 2014).

Lower-fat cheeses tend to have less flavor than 
high-fat cheeses. This is due to the dilution of flavor in 
low-fat cheeses holding more moisture content (Bagh-
dadi et al., 2017).

Madadlou et al. (2005) reported that Iranian low-
fat white cheese has less flavor and texture scores than 
a full-fat one. Kavas et al. (2004) investigated the ad-
dition of hydrocolloid compounds based on whey pro-
teins for producing low-fat cheese and reported that 
the mentioned compounds had no significant effect on 
the taste of the cheese. Sipahioglu et al. (1999) used 
lecithin in the production of full-fat cheese and report-
ed that the mentioned combination reduced the cheese 
taste scores in comparison to the control sample.

The effects of fat, novagel and galactomannan 
on the acceptability of low-fat ultrafiltrated 
cheeses
The results in Table 5 show that changes in the fat con-
tent and the use of different concentrations of novagel 
and galactomannan had a significant effect (P ≤ 0.05) 
on the acceptability of cheeses. The results also show 

that by decreasing the amount of fat, the acceptability 
score decreases while by adding galactomannan and 
novagel the acceptability of low-fat cheeses increases. 

Considering these results, the lowest rate of ac-
ceptability (3.350) belonged to treatment A2 contain-
ing 7% fat, 0.3% galactomannan and 0.1% novagel, 
and the highest score after the control sample be-
longed to treatment C2 containing 9 % fat and 0.5% 
galactomannan and 0.3% novagel, which did not show 
any significant difference (P > 0.05) from the control  
sample.

These results confirm the investigation of Khed-
mati et al. (2013) which studied the effects of traga-
canth gum on the textural and sensorial properties of 
sheep’s cheese. This research investigated the effects 
of gum on four concentrations of 0.25, 0.5, 0.75 and 
1 g of gum per kg of consumable milk. The results 
indicated that adding tragacanth gum in low concen-
trations improves the textural and sensorial properties. 

Other research by Rashidi et al. (2015) stated that 
using guar, xanthan, lecithin and whey protein con-
centrate increases the acceptability of low-fat ultrafil-
trated cheeses.

Zerfiridis et al. (2004) used beta-glucan concen-
trates as fat alternatives in low-fat cheese formula-
tions. They reported that using the mentioned mixture 
has a negative effect on the appearance and taste of 
cheese.

Sipahioglu et al. (1999) investigated the functional 
properties of modified tapioca and lecithin starch in 
low-fat and reduced fat cheeses. The results indicated 
that reduced fat cheeses using tapioca starch have the 
highest amount of moisture, the least amount of pro-
tein, and the highest degree of hardness. The combina-
tion of tapioca and lecithin starch improves the taste, 
texture and overall acceptance of low-fat and reduced-
fat cheeses.

Yahyavi and Mousavi Kolajahi (2014) used dietary 
fibers of inulin and dextrose as fat substitutes in feta 
cheese. Four treatments of feta cheese, i.e., without fat 
alternative, containing 1% poly-dextrose, 1% inulin 
and a mixture of 0.5% poly-dextrose and 0.5% inulin 
were produced. The results of the sensorial evaluation 
showed that the combination of poly-dextrose and inu-
lin leads to an improvement in taste, texture and over-
all acceptability in low-fat cheese. 
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CONCLUSION

The main goals of this research are the optimization of 
the textural properties, the study of the possibility of 
producing low-fat cheese (with 7–9% fat) containing 
various concentrations of galactomannan and novagel 
(0.1–0.5%), an evaluation of the physicochemical, 
textural and sensorial properties of low-fat cheeses, 
and a comparison of them with full-fat cheese. The 
results showed that decreasing the fat in cheese used 
to make milk and adding different hydrocolloids as fat 
alternatives (such as novagel and galactomannan) in-
creases the amount of ash, moisture, acidity, salt and 
protein. Using different concentrations of fat, novagel 
and galactomannan did not have significant effects on 
the dry matter of cheese treatments (P > 0.05). The 
effects of fat, galactomannan and novagel on the tex-
tural and sensorial changes in low-fat cheeses were 
significant (P ≤ 0.05). Reducing the amount of fat in 
low-fat cheeses increases their hardness. A major part 
of the undesirable changes in the textural and sensorial 
properties of fat reduced cheese was improved by the 
addition of novagel and galactomannan. The results 
showed that the textural and sensorial properties of the 
treatment containing 9% fat and 0.5% galactomannan 
and 0.3% novagel were not significantly different from 
the control sample.

Simultaneous optimization of the properties of 
low-fat ultrafiltrated cheeses via the response-surface 
method showed that low-fat cheese containing 9% 
fat, 0.32% novagel, and 0.5% galactomannan creates 
the maximally desirable textural properties similar to 
those of full-fat cheeses. The results of this research 
also showed that by using galactomannan and no-
vagel in the formulation of low-fat cheese can lead to 
the production of low-fat cheese with favorable tex-
tural and sensorial properties close to those of full-fat 
cheese.
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