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Abstract 
Cheese is becoming one of the most widely utilized food ingredients. Raised awareness of people on healthy lifestyle has led to an increased demand 
for low-calorie foods particularly for low and reduced fat cheeses. Although low and reduced fat cheese exhibits poor texture and body compared to 
full fat ones, consumers expect to have all the characteristics of full-fat cheese in its low and reduced fat counterpart. Fat replacers are ingredients 
intended to be used instead of the fats and they have less caloric value and provide functional properties of the fat to foods. The effect of xanthan gum 
and sodium caseinate as fat replacers on textural properties and organoleptic attributes of reduced fat cheddar cheeses was studied. The results 
indicated that type and concentration of fat mimetic significantly affected on characteristics of cheeses. Generally the low-fat cheeses produced with 
xanthan gum simulated the functions of fat better than the sodium caseinate. The results revealed that, by decreasing the fat content of cheese milk 
and increasing xanthan gum level, the values of moisture and protein content significantly (P<0.05) increased. Separately applying high level of 
xanthan gum (0.045%) (w/w) or in combination with low level of sodium caseinate in cheese formulation decreased the hardness and gumminess in 
reduced fat samples. Fat reduction led to increase in the cohesiveness and springiness of fresh Cheddar cheese. Electronic nose for evaluation of 
volatile flavor compounds showed positive effects of high level of xanthan gum on flavor release of reduced fat cheeses. These results indicated that 
applying high level of xanthan gum had positive effects on economic consequences such as increase in yield besides acceptable textural properties. 
Incorporation of xanthan gum allowed a considerable fat reduction with no detrimental effect on Cheddar cheese overall quality. 

Key words: Fat replacer, fat mimetic, xanthan gum, sodium caseinate, textural properties, Cheddar cheese, electronic nose, reduced fat, low fat, 
    Taguchi design. 

Introduction 
Increased awareness of people on fitness and healthy lifestyle 
has led to an increased demand for low-calorie foods in particular 
for low and reduced fat cheeses 1. Since cheese is one of the most 
widely consumed food products, nutritional sciences and food 
industry play a prominent role in the development of healthier 
food ingredients. Fat content is responsible for many desirable 
functional, textural, and sensory properties in cheese, and its 
decrease alters physical properties and flavor lowering cheese 
quality. Changes in functional qualities are, presumably, due to 
loss of plasticizing property of the fat and increased cross-linking 
of proteins within the curd and, hence, in the cheese. Though 
presence of additional moisture present 2 can improve functionality 
of low-fat cheese, low and reduced fat cheeses have certain 
disadvantages stipulated by reduction in proportion of moisture 
in nonfat substances (MNFS), level of proteolysis activity, amount 
of free oil and increased proportion of intact casein 3. 

Various techniques used to improve the texture of low and 
reduced fat cheeses include process modifications, use of special 

starter cultures and fat replacers. Fat replacers are ingredients 
reducing fat content with a substantial decrease of calorific value 
and at the same time providing functional properties of fat. Fat 
replacers are divided into 2 groups: fat substitutes and fat 
mimetics. Fat substitutes are non polar fat-soluble compounds 
providing sensory and functional properties of fats to food, while 
fat mimetics are polar water-soluble substances used to partially 
replace sensory and functional characteristics of fats. Fat mimetics 
have been reported to improve sensory and functional 
characteristics of low-fat cheeses by binding water and, thereby 
improving texture and yields 4. According to a composition, fat 
mimetics consist mainly of micro-particulated protein or 
carbohydrate-based materials 5.Carbohydrate-based fat replacers 
are widely used in food processing to improve functional 
properties that are adversely affected by lowering of fat levels 6, 7. 
However, protein-based mimetics are also employed to replace fat 
in cheese manufacture. Sodium caseinate increased yield and 
reduced moisture loss improving viscoelastic properties of white 
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fresh cheese 8 and a commercial protein-based fat mimetics for 
dairy products (Dairy-Lo®) increased moisture and NFS contents, 
resulting in a softer texture compared to control full-fat samples 9. 
The use of protein-based mimetics blended with selected 
hydrocolloids has been reported to be more advantageous in 
comparison to the separate use of fat replacers 10. 

Hydrocolloids are the most effective carbohydrate-based fat 
replacers possessing ability to control the rheology of water based 
systems and syneresis inhibition. Xanthan gum is a microbial 
hetero-polysaccharide of high molecular weight with a 1-4-β-D- 
glucose backbone with a tri-saccharide of mannose, glucuronic 
acid, and mannose attached side-chain 11. Xanthan gum has been 
reported to improve melting properties and increase moisture 
retention in Mozzarella cheese 12. In this view, the objective of this 
study was to identify the effects of xanthan gum and sodium 
caseinate on physicochemical, textural and flavor release 
properties of fresh Cheddar cheeses contained different fat content 
levels. 

Materials and Methods 
Milk, culture, rennet and fat replacers: Fresh milk was collected 
in the morning from a farm located in University Putra Malaysia, 
and transported to the faculty in stainless steel recipients in ice 
bath and kept in a refrigerator at 4°C for 2 hours until cheese 
manufacture. A frozen mesophilic lactic starter cultures R-704 
Direct-to-vat (composed of Lactococcus lactis, spp. cremories 
and Lactococcus lactis spp. lactis) and standard cheese rennet 
(single-strength fermentation-derived chymosin) were kindly 
donated by Chr. Hansen (Milwaukee, USA). Sodium caseinate 
and xanthan gum (food grade) were purchased from V.I.S. Foodtech 
Ingredient Supplies (Kuala Lumpur, Malaysia). 

Cheddar cheese manufacture: Cheddar cheese was prepared 
according to the method described by Awad et al. 13. Raw skim 
milk was standardized by adding different proportions of the 
separated cream to four fat levels: 3.5, 2.75, 2.0 and 1.25%. Sodium 
caseinate and xanthan gum were added and mixed according to 
the formulations established in the experimental design described 
in Table 1. Cheeses were categorized into four groups based on 
fat content, like full-fat cheese (FFC, 3.5% fat), reduced-fat cheese 
(RFC, 2.75% fat), half-fat cheese (HFC, 2.0% fat) and low-fat cheese 
(LFC, 1.25% fat). Prepared cheeses were vacuum packaged in 
cryovac bags and kept in a refrigerator at 4°C until further analysis. 

Physicochemical analysis: Cheese physicochemical 
characterization included determination of pH, moisture by the 
AOAC standard method 926.08 14, fat by Gerber method 15, and 
total protein content according to AOAC method number 920.12314 
and calculating the protein content by multiplying with a 
conversion factor of 6.38. Moisture in non-fat substances (MNFS 
%) was calculated according to the method reported by Kahyaoglu 
and Kaya 16, and ash content in dry matter was determined by the 

AOAC gravimetric method 935.42 14. Cheese yields were calculated 
as the percent weight of finished cheese divided by the weight of 
the milk used 17. 

Texture profile analysis: The textural profile of the different cheese 
samples was determined employing a Texture Analyzer TA-XT2 
(Texture Technologies, Scarsdale, USA/Stable Micro Systems, 
Surrey, U.K.) equipped with a 5 kg load cell and a SMS P/75 probe 
(1 cm thickness, 12 cm height and 7.5 cm diameter). Samples were 
cut in 2 cm height and diameter cylindrical samples and double 
compressed 25% of their original height at a constant rate of 0.83 
mm/s, with a waiting period of 5 s, according to the procedure 
reported by Awad et al. 13. Texture profile parameters were 
calculated from the force-deformation curves 18 and defined as 
follows: hardness (force necessary to attain a given deformation, 
maximum force), cohesiveness (strength of the internal bonds 
making up the body of the product), springiness (degree to which 
a product returns to its original shape once it has been 
compressed), adhesiveness (work necessary to overcome the 
attractive forces between food and probe surfaces) and gumminess 
(energy required to disintegrate a semisolid food product) 19. 

Electronic nose analysis: To estimate aroma profiles of produced 
cheeses, a single, uncoated, high quartz surface acoustic wave 
(SAW) resonator electronic nose was used. By measuring the 
time required for each compound to reach the sensor and the 
amount it affects the SAW crystal’s vibration, both the identity 
(retention time) and the quantity (amount) of the substance were 
calculated by software incorporated in the instrument. Finger print 
of volatile flavor compounds released into the fresh Cheddar 
cheese headspace was analyzed qualitatively using an Ultrafast 
GC zNose 7100 analyzer (Electronic Sensor Technology Co., 
Newbury Park, CA, USA). Levels of volatile flavor compounds 
were measured according to the procedure reported by Gan et 
al.20 with some modifications. Samples of 3 g of each grated cheese 
were placed into a septa-sealed screw-cap bottle and stored at 
25ºC for 30 min to provide the equilibrium sample headspace. The 
sample’s vapor was introduced into the electronic nose. The flow 
rate of helium gas was fixed at 3.5 cm3 , sampling time was 5 s, and 
the column temperature was programmed from 40 to 200ºC at a 
rate of 5ºC per second. The SAW quartz microbalance detector 
temperature was set at 60ºC. A profile of aroma compounds was 
obtained from the electronic nose chromatogram and Vapor 
PrintsTM (polar plots). 

Experimental design and statistical analysis: In order to 
establish the effect of the different concentrations of  fat, xanthan 
gum and/or sodium caseinate on Cheddar cheese physicochemical 
and textural properties, a Taguchi design approach of these three 
variables at 4 levels was employed (Table 1). The data obtained 
from the measurements were subjected to one-way analysis of 
variance (ANOVA), determining significant differences among the 
treatments by a Duncan’s mean test. The electronic nose data 
were analyzed by principal component analysis (PCA) using the 
method described by Gan et al. 20. All statistical analysis was 
performed using the Minitab v. 14 statistical package (Minitab 
Inc., State College, USA). 

Symbol 
Parameter or 

independent variable 
1 2 3 4 

A Fat (%) 1.25 2.00 2.75 3.50 

B Xanthan gum (%) 0.000 0.015 0.030 0.045 

C Sodium caseinate (%) 0.000 0.150 0.300 0.450 

Table 1. Levels of the independent variable established 
according to the Taguchi design. 
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Results and Discussion 
Physicochemical properties: Physicochemical composition of 
Cheddar cheeses formulated with different levels of fat and fat 
replacers are summarized in Table 2. According to the experimental 
design, different formulations have no significant effect on the 
cheese pH values (p<0.05): This is probably due to the fact that 
xanthan gum (non-anionic polysaccharide) and/or sodium 
caseinate (milk casein salt) did not affect milk and cheese pH. In 
the similar way, no changes in pH had been reported due to 
different levels of fat in Kefalograviera-type cheese 21. 

An increase of moisture contents is one of the most important 
strategies aimed to improve properties of low and reduced fat 
cheese. Application of fat replacers indicated that curd syneresis 
was retarded during cheese making process; it has been suggested 
that water binds directly to fat replacers and the latter interfere 
with shrinkage of the casein matrix reducing driving force involved 
in expelling water from curd particles 12. In the current study 
moisture content was significantly higher in LFC (p<0.05) and 
decreased by increasing the fat content. Xanthan gum 
incorporation into Cheddar cheese formulations (Run 16) resulted 
in the higher moisture followed by cheese samples with xanthan 
gum and low amount of sodium caseinate (Run 15). These data 
suggest that the use of fat replacers like xanthan gum and sodium 
caseinate in current experimental conditions increases moisture 
and protein levels in Cheddar cheese, probably due to hygroscopic 
properties of the ingredients. This effect has already been reported 
for different types of low-fat cheeses 22-24. As expected, fat in 
Cheddar cheese was significantly higher in FFC (p<0.05) 
decreasing according to changes of the levels of independent 
variable. Lower moisture levels were found at high fat content 
cheeses. Similarly, protein content in Cheddar cheeses was 
significantly higher in LFC (p<0.05) decreasing with fat content 
increase. LFC samples with no xanthan and 0.45% of sodium 
caseinate (Run 13) had high protein content followed by samples 
containing sodium caseinate in their formulation (Runs 14 and 
15). No significant difference was detected in the ash content 
(p<0.05):  no direct contribution of salt in dry matter (fat replacers) 
to ash content was detected 25. Moisture levels in nonfat 
substances and cheese yield were significantly higher in FFC 
(p<0.05), particularly in samples with higher concentrations of 

xanthan gum and sodium caseinate (Run 4). Fat replacers increase 
moisture and MNFS in semi-hard cheese 22, and similarly, milk 
casein and fat contents are responsible for moisture retention 
related to final cheese yield 26. El-Shibiny et al. 27 reported that 
sodium caseinate not only increased cheese yield, but also 
improved protein and fat retention. Current study revealed that 
there was no significant difference (p<0.05) between the yields of 
FFC1 (normal Cheddar cheese) and RFC3 and RFC4 containing 
both xanthan gum and sodium casein at high concentrations. Effect 
of sodium caseinate as a fat replacer appeared to be more significant 
than xanthan gum in HFC and LFC increasing moisture and protein 
content in Cheddar cheeses as reflected in high yield. 

Textural properties: Textural properties were influenced by the 
Taguchi experimental design array in different formulations (fat, 
xanthan gum and/or sodium caseinate) used (Table 3). Hardness 
was significantly higher (p<0.05) in Cheddar cheese formulations 
with reduced fat content (RFC, HFC or LFC) and with no xanthan 
gum (Runs 5, 9 and 13), as well as in LFC samples with lower 
xanthan gum concentrations (Run 14). Fat reduction increases 
cheese hardness 13, and these results suggest that incorporation 
of xanthan gum into fat reduced Cheddar cheese resulted into a 
lower hardness. The decrease in hardness of cheese containing 
xanthan gum was probably due to changes in protein matrix 
compactness since addition of xanthan gum increased water 
binding capacity of protein matrix 22, 28. When the xanthan gum 
and sodium caseinate concentrations increased, the hardness was 
similar to full fat samples (for example, Run 8, 12 or 16 and Run 1 as 
control with no added fat replacers). The hardness of cheeses 
made with hydrocolloid as fat mimetic was very similar to the full- 
fat cheese 23. Likewise, hardness of reduced fat cheese formulated 
with fat replacers inversely correlates to moisture content with 
high moisture resulting in a softer texture and high MNFS 1, 29, 30. 
Adhesiveness was significantly affected by different formulations 
employed (p<0.05). LFC was more adhesive than the rest of the 
treatments. Since LFC presented higher protein content and higher 
moisture percentage compared to the rest of the treatments, the 
decrease in fat content with incorporated protein-based fat mimetic 
ingredients could increase protein-water interactions, enhancing 
the adhesiveness in cheddar cheese 31. 

Run 
Cheese 

group1 

A 

(Fat) 

B 

(Xanthan) 

C 

(Sodium 

caseinate) 

pH 
Moisture 

(%) 

Fat 

(%) 

Protein 

(%) 

ADM2 

(%) 
MNFS3 (%) Yield 

1 3.50 0.000 0.00 5.43 a 41.57 i 28.00 a 23.17 i 4.16 a 57.74 abcd 10.50 abcd 

2 3.50 0.015 0.15 5.44 a 41.87 i 28.00 a 23.44 i 4.11 a 58.16 abc 10.70 abc 

3 3.50 0.030 0.30 5.44 a 42.26 i 27.75 a 23.82 i 3.74 a 58.50 ab 11.10 ab 

4 

FFC 

3.50 0.045 0.45 5.44 a 42.17 i 28.25 a 24.24 i 3.93 a 58.77 a 11.60 a 

5 2.75 0.000 0.15 5.43 a 43.43 h 21.00 b 26.35 h 4.31 a 54.98 fg 9.90 cde 

6 2.75 0.015 0.00 5.44 a 43.83 gh 20.75 b 26.06 h 4.44 a 55.31 fg 9.80 cde 

7 2.75 0.030 0.45 5.44 a 44.85 fg 21.25 b 27.53 fg 4.34 a 56.96 de 10.60 abcd 

8 

RFC 

2.75 0.045 0.30 5.43 a 45.27 f 21.25 b 26.98 gh 4.37 a 57.49 bbcd 10.40 bcd 

9 2.00 0.000 0.30 5.43 a 47.35 e 14.50 c 29.70 cd 4.67 a 55.39 fg 9.09 efg 

10 2.00 0.015 0.45 5.43 a 47.17 e 14.75 c 30.61 c 4.72 a 55.33 fg 9.50 def 

11 2.00 0.030 0.00 5.44 a 48.56 d 14.50 c 29.12 de 4.75 a 56.80 de 8.80 efg 

12 

HFC 

2.00 0.045 0.15 5.44 a 48.71 d 14.75 c 28.44 ef 4.74 a 57.13 cde 9.10 efg 

13 1.25 0.000 0.45 5.45 a 51.03 c 7.00 d 35.98 a 4.85 a 54.72 g 8.60 fg 

14 1.25 0.015 0.30 5.45 a 51.63 bc 6.50 d 35.46 ab 4.86 a 55.22 fg 8.40 fg 

15 1.25 0.030 0.15 5.43 a 52.49 ab 6.50 d 35.11 ab 4.88 a 56.14 ef 8.20 g 

16 

LFC 

1.25 0.045 0.00 5.45 a 52.91 a 7.25 d 34.56 b 4.81 a 57.04 cde 8.10 g 

Table 2. Physicochemical properties of the different Cheddar cheese runs according to the employed experimental array. 

1Cheese groups: FFC = full-fat cheese; RFC = reduced-fat cheese; HFC = half-fat cheese; LFC = low-fat cheese. 2 Ash in dry matter 3 Moisture in non-fat substances 
a-i Means in same column with same superscript are not significantly (P<0.05) different. 
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Changes in cohesiveness and springiness of different reduced 
fat Cheddar cheeses formulated with xanthan gum and/or sodium 
caseinate as fat replacer were non-significant (p<0.05). Although 
fat reduction increases cohesiveness and springiness of reduced 
fat cheese 11, 27, 31, it is likely that xanthan gum and sodium caseinate 
compensate this effect in the experimental conditions. Same texture 
behavior in cohesiveness was observed when other fat replacers 
such as β-glucan were used in low fat Cheddar cheese 1. The use 
of protein-based fat replacers had no effect on cheese 
springiness24. 

Electronic nose analysis: The score plot of PC1 versus PC2 from 
the electronic nose analysis is presented in Fig. 1. The PC1 and 
PC2 factors resulted in a model that described 93.5% of total 
variance in data. The percentage of PCA in fresh Cheddar cheeses 
was high and the value defined a good model for qualitative 
purpose. As observed, samples containing high concentration of 
fat (Runs 1, 2, 3 and 4 in FFC group) had high positive scores, 
while reduced fat content samples showed low positive (Runs 5, 
6, 7 and 8 in RFC group, and Runs 11 and 12 in HFC) and low 
negative scores (Runs 15 and 16 in LFC group). Moreover, samples 
containing low and half fat levels (Runs 9 and 10 in HFC, and 
Runs 13 and 14 in HFC) had higher negative score compared to 
high fat cheeses. 

Flavor of cheese is one of the most important factors influencing 
the quality. The flavor from prepared cheeses was evaluated using 
a Vapor Analyzer. Fig. 2  presents the VaporPrintsTM of three 
samples (Runs 8, 12 and 16) containing high concentrations of 
xanthan gum (0.045 % w/w) and full-fat sample as a control (Run 
1). The VaporPrintsTM of samples studied had similar geographic 
location in different size. Fig. 2 displays that similar aroma showed 
similar sensor response patterns (similar “fingerprints”), but with 
different concentrations 32. Changes in the strength of volatile 
compounds correlate with the fat content; aroma compounds of 
high fat content cheeses were higher than other prepared cheeses. 
Most of the flavor compounds are nonpolar, and fat is a flavor 
carrier of these hydrophobic compounds. Therefore, one might 
assume that when the fat is removed, the flavor will be lost as 
well33. Flavor release seems to be increased in those samples 
containing the high carbohydrate-fat replacer, xanthan gum.  Even 
in low-fat cheeses (Runs 12 to 16), the increase in xanthan gum 
concentration resulted in a raise of flavor compounds in 
comparison to samples containing lower levels of xanthan gum 
(Fig. 1).  The flavor compounds decreased by increasing sodium 
caseinate, and this can be explained by chemical binding of 
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Figure 2. Scores plot from principal component analysis (PCA) of the 
electronic nose data for 16 different samples: (1) full fat cheese 1, (2) 
full fat cheese 2, (3) full fat cheese 3, (4) full fat cheese 4, (5) reduced fat 
cheese 1, (6) reduced fat cheese 2, (7) reduced fat cheese 3, (8) reduced 
fat cheese 4, (9) half fat cheese 1, (10) half fat cheese 2, (11) half fat 
cheese 3, (12) half fat cheese 4, (13) low fat cheese 1, (14) low-fat 
cheese 2, (15) low-fat cheese 3, (16) low-fat cheese 4. 

a) b)

c) d)

Figure 1. VaporPrints TM of fresh Cheddar  cheese, (a) 
low fat cheese 4, (b) half fat cheese 4, (c) reduced fat 
cheese 4, (d) full fat cheese 1 (control). 

Run 
Cheese 

group1 

A 

(Fat) 

B 

(Xanthan) 

C 

(Sodium 

caseinate) 

Hardness 

(N) 
Cohesiveness 

Adhesiveness 

(N)  
Springiness 

Gumminess 

(N) 

1 3.50 0.000 0.00 14.02 fg 0.8022 a -0.813 h 0.9162 a 11.24 hi 

2 3.50 0.015 0.15 13.09 gh 0.8182 a -0.769 gh 0.9120 a 10.71 i 

3 3.50 0.030 0.30 12.85 h 0.8270 a -0.750 gh 0.9120 a 10.62 i 

4 

FFC 

3.50 0.045 0.45 11.53 i 0.8880 a -0.515 abc 0.9292 a 10.23 i 

5 2.75 0.000 0.15 16.99 ab 0.8340 a -0.720 efgh 0.9170 a 14.16 bcd 

6 2.75 0.015 0.00 16.52 bc 0.8374 a -0.730 fgh 0.9170 a 13.83 cd 

7 2.75 0.030 0.45 14.59 ef 0.8570 a -0.675 efgh 0.9161 a 12.50 fg 

8 

RFC 

2.75 0.045 0.30 13.90 fgh 0.8560 a -0.678 efgh 0.9160 a 11.89 gh 

9 2.00 0.000 0.30 17.31 ab 0.8760 a -0.618 cdef 0.9273 a 15.16 ab 

10 2.00 0.015 0.45 16.22 bcd 0.8775 a -0.598 bcd 0.9211 a 14.23 bcd 

11 2.00 0.030 0.00 15.38 de 0.8595 a -0.612 bcde 0.9182 a 13.21 def 

12 

HFC 

2.00 0.045 0.15 14.25 f 0.8611 a -0.576 abcd 0.9181 a 12.27 fgh 

13 1.25 0.000 0.45 17.81 a 0.8880 a -0.515 abc 0.9291 a 15.81 a 

14 1.25 0.015 0.30 16.83 ab 0.8807 a -0.511abc 0.9290 a 14.82 abc 

15 1.25 0.030 0.15 15.56 cde 0.8761 a -0.498 ab 0.9270 a 13.63 de 

16 

LFC 

1.25 0.045 0.00 14.55 ef 0.8652 a -0.483 a 0.9280 a 12.58 efg 

Table 3. Textural properties of the different Cheddar cheese runs according to the employed experimental array. 

1Cheese groups: FFC = full-fat cheese; RFC = reduced-fat cheese; HFC = half-fat cheese; LFC = low-fat cheese. a-i Means in same column with same superscript are not 
significantly (P<0.05) different. 
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protein-based fat mimetics ingredients to flavor compounds 
causing them to lose intensity or contribute off-flavor 34. 

Conclusions 
This study clarified the effect of fat reduction through the use of 
different fat replacers on chemical composition, textural properties 
and aroma compounds of low and reduced fat Cheddar cheeses. 
Generally, low-fat cheeses produced with carbohydrate-based 
mimetics simulated fat functions better than protein-based 
mimetics. Xanthan gum improved major textural parameters 
(hardness and gumminess) of reduced fat cheeses. Use of xanthan 
gum as a fat replacer in reduced fat Cheddar cheese had positive 
effect on economic aspects like increase in cheese yield, besides 
acceptable textural properties. Electronic nose for evaluation of 
volatile flavor compounds showed a positive effect of xanthan 
gum on flavor release in low-fat cheeses. However, in used 
experimental conditions, sodium caseinate didn’t improve the 
textural quality and flavor release of fresh Cheddar cheeses. 
Considering the awareness of health risks associated with the 
use of high-fat cheeses and synthetic fat replacers, natural xanthan 
gum as a carbohydrate fat replacer is recommended to mainly 
provide appropriate textural properties and organoleptic attributes 
such as flavor release of low and reduced fat Cheddar cheeses. 
Further research is needed to clarify the positive effect of xanthan 
gum on textural properties of Cheddar cheeses during ripening. 
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