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ABSTRACT 
Background: There is a growing interest in substitution of dairy components used in processed cheese 
production with non-dairy cheaper sources particularly those of vegetable origin. This substitution 
could also be a demand of a particular category of consumers with specific health concerns. 
Consequently, reduced-fat and vegetable oil containing cheeses gained huge popularity in obese and 
cardiovascular susceptible individuals. Objective: The present study was undertaken to evaluate the 
impact of partial substitution of skim milk powder by finely ground dried bulgur on physicochemical, 
microbiological, textural, microstructural and sensorial quality of reduced-fat and fat substituted block-
type processed cheeses. Thus two sets of experimental cheeses (reduced-fat and fat substituted) were 
designed to replace 8.33, 16.66, 25.00 and 33.33% of skimmed milk powder in blends with bulgur. These 
replacements corresponded to final concentrations of bulgur in the resultant cheese equivalent to 1, 2, 3 
and 4%, respectively. In the first set of cheeses (reduced-fat cheeses), milk fat was reduced by 34%, 
compared with full-fat cheese; while in the second set (fat substituted cheeses) butter fat was entirely 
substituted by palm oil. Results: Results revealed that bulgur-containing cheeses of both sets had lower 
pH, protein and moisture content compared with control cheeses. Bulgur did not affect microbiological 
quality of cheeses. At 0-day storage, bulgur had a little impact on rheological parameters (hardness, 
cohesiveness, springiness, gumminess and chewiness) of cheeses belong to each set, while its effect 
became remarkable and evident as storage period progressed. Cheeses containing 1% bulgur had less 
compact microstructure but total sensorial scores similar to those given for control cheeses. 
Conclusion: It could be concluded that the addition of 1% bulgur in blends subjected to the manufacture 
of block-type processed reduced-fat or fat substituted cheeses did not impair composition, textural and 
sensorial attributes of the resultant products. Also the inclusion of bulgur would be a potential mean to 
reduce cost, deliver functional ingredients and improve nutritive value of the final product.  
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INTRODUCTION 

 

Basically, processed cheese is made from blend containing natural cheese of different ages and degrees of 

maturity, emulsifying salts, salt and other optional ingredients either of dairy or nondairy origin. Heating 

ingredients with continuous mixing lead to the formation of a homogeneous product with an extended shelf life 

[1]. Processed cheese is considered to be one of the leading cheese varieties in the worlds and can be used as an 
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ingredient in the production of various food preparations [2]. This is because processed cheese-making allows 

the production of wide varieties of products with various functional properties. Depending on its end-use 

application and the desired functional properties, processed cheeses can be grouped into 2 main categories: 

cheeses with unmelted texture and those with melted textural properties. Sometimes, certain applications of 

processed cheese require an optimum interaction between two cheese categories [3]. 

Indeed, processed cheese has numerous advantageous over natural cheese including the extended self-life 

and possibility to produce cheese with distinct sensorial and functional properties. The huge diversity of 

ingredients that can be used in formulation of processed cheese permits the production of a wide variety of 

processed cheeses with diverse flavors, textures and functions. Processed cheese itself can be used as an 

ingredient for convenience food application or in the production of other foods such as snacks. This ability 

makes processed cheese production among the most innovated industry in dairy sector [4]. Actually, the market 

of processed cheese needs innovations related to “improvement of nutritional value” and “health”. 

Consequently, many attempts have been made to incorporate biologically active molecules into cheese blends to 

develop products that can fulfill nutritional and health requirements of consumers. Those attempts include the 

fortification of processed cheese with iron [5], vitamin D [6], branched chain amino acids [7] microalgae [8] and 

inulin [9]. Also promising attempts have been carried out to produce low sodium [10] and cholesterol reduced 

processed cheese [11]. 

Meantime, there is an increasing interest in substitution of dairy components used in processed cheese 

production with non-dairy cheaper sources particularly those of vegetable origin. This substitution should not 

lead to the formation of product with unacceptable sensorial characteristics or inferior nutritional quality 

compared to non-substituted product. In addition to the economical reason, milk fat and proteins could be 

replaced by vegetable oils and proteins for health and nutritional concerns and⁄or to produce cheese with 

particular functional properties. Regarding fat substitution, the increased public’s awareness of the dangers of 

cholesterol found in animal fats and its role in the development of cardiovascular diseases [12] led to increasing 

popularity of products with reduced milk fat content or those where milk fat was replaced either partially or 

entirely with vegetable oil. Indeed, the production of reduced-fat or fat substituted processed cheese with mouth 

feel and texture attributes similar to those of the full-fat cheese poses a challenge to cheese maker, since milk fat 

reduction or replacement with vegetable oil affect adversely textural and sensorial attributes of processed 

cheese. On protein side, milk proteins in processed cheese blends can be replaced partially or entirely by 

vegetable proteins such as peanut, cottonseed and soy protein isolates [13, 14 and 15]. Although some vegetable 

proteins are relatively inexpensive and have biological values superior to that of casein, their integration in 

processed cheese blend tend to impart undesirable flavors and textural attributes to the final cheese [16]. 

Meanwhile, there were attempts to introduce legume seeds and crops in the production of processed 

products particularly meat but none has been made, to our knowledge, to incorporate any of them in processed 

cheese. Bulgur can be produced from legume seeds such as soybeans [17 and 18]. Soybean bulgur has many 

commercial applications particularly in the production of processed meat. Bulgur in the Middle East is a cereal 

product which produced mainly from cracked wheat grains. It is made of cleaned, dried, de-hulled, milled, 

cooked and optionally polished grains and finally classified as wheat product [19]. Bulgur is a common 

ingredient in Middle Eastern, Indian and Mediterranean dishes. Wheat bulgur has low protein and high 

carbohydrate content and considerable amount of both soluble and insoluble fibers, vitamin B complex (folate 

and vitamin B-6) and minerals (phosphorus, iron and manganese) [20]. 

In this study, we attempted to incorporate gradual concentrations of wheat bulgur flour in the production of 

reduced-fat and fat substituted block-type processed cheeses to improve their nutritional attributes and 

functional properties. The impact of bulgur on physicochemical, microbiological, textural, microstructural and 

sensorial quality of both cheese categories was evaluated during 6 months of storage at ambient temperature. 

 

MATERIALS AND METHODS 

 

1-Materials: 

Cheddar cheese (35% fat and 63% total solids), Skim milk powder (33.4% protein and 3.8% moisture) and 

butter (18% moisture and 82% fat) were obtained from Fonterra Inc., Auckland, New Zealand. Milk protein 

concentrate (70% protein and 5% moisture) was obtained from Anbros industries Ltd., Singapore. Bulgur (13% 

protein, 7.5% moisture, 74.9% total carbohydrates and 3% fat) was purchased from Green Fields Company, 

Elmandorah, Dessoq, Kafr El Shiekh, Egypt. Modified starch (Roqutte Laisa Espana,SA46450 benifaio-Valencia, 

Spain) and palm oil (Croklaan oils sdn bhd, Pasir gudang Industrial Estate,  Malaysia) were used for the formulation of 

both cheese categories. Gouda, Cheddar and butter flavours were obtained from AFF, Borg El Arab city, Alexandria, 

Egypt. Emulsifying salts were obtained from Innophos Inc-USA, Chicago helights, IL,USA. Xanthan, 

carrageennan and nisin were purchased from AWA Company, Borg Al Arab, Alexandria, Egypt. 

2- Preparation of reduced-fat and fat substituted processed cheeses: 
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Full fat (1 treatment), reduced-fat (5 treatments) and fat substituted (5 treatments) block-type processed 

cheeses were prepared according to the formulations given in Table 1. Blends were manufactured at SAKR 

Group Company for Food products (Borg Al-Arab city, Alexandria). Processing was carried out at 85ºC with 

continuous stirring at 700 rpm for 5 minutes using a 100 kg capacity batch cooker (Kromel, Sakarya, Turkey) as 

previously reported by Kosikowski [21]. 

The manufactured blends were full-fat (N1) and reduced-fat (N2) with no added bulgur. Blends in which 

8.33, 16.66, 25.00 and 33.33% of skimmed milk powder were replaced with bulgur were used for the 

manufacture of N3, N4, N5 and N6 cheeses, respectively. For fat substituted cheeses, (in which butter was 

entirely replaced with palm oil), bulgur-free cheese (I1) was manufactured for comparison reason. Blends in 

which 8.33, 16.66, 25.00 and 33.33% of skimmed milk powder were replaced with bulgur were used for the 

manufacture of I2, I3, I4 and I5 cheeses, respectively. For both cheese categories, the mentioned replacement 

ratios of skim milk powder corresponded to bulgur concentrations in the resultant cheeses of 1, 2, 3 and 4%, 

respectively. 

A blend of 50 kg was prepared for each cheese trial. Blend N1 subjected to the manufacture of full-fat 

cheese was formulated to fulfill the Egyptian standard specification for full-fat block-type processed cheese (35-

65% fat/dry matter and at least 44% dry matter) [22]. Reduced-fat (34% less fat compared with full-fat cheese) 

blends (N2 to N6) were formulated to meet legal standard specifications which confirm that partially reduced-fat 

should contain 25-35% fat/dry matter and at least 40% dry matter [22]. For fat substituted blends (I1 to I5 

cheeses), the amount of ingredients was calculated in order to fulfill the Egyptian standard specification [23] for 

fat substituted block-type processed cheese (35-65% fat/dry matter and at least 44% dry matter). 

Following production, cheese blocks were stored at ambient temperature (25±2ºC) for 6 months. Samples 

were taken at 60 days intervals for chemical, microbiological, textural and sensorial assessments. Microstructure 

evaluation was carried out using scanning electron microscopy at the beginning and after 6 months of storage.  

 

3- Methods of analysis: 

3.1. Chemical composition and pH: 

Reduced-fat and fat substituted cheeses were analyzed for moisture, fat and salt contents according to 

AOAC methods [24]. Total protein was determined according to the method described by International Dairy 

Federation [25] using Kjeldahl Semi-automized Foss model 8100 Dairy Analyzer (FOSS analytical, Hilleroed, 

Denmark). The pH was measured in cheese slurry, prepared by macerating 20 g of cheese in 20 ml of distilled 

water, using pH meter (Crison instrument, Spain). 

  

3.2 Microbiological analysis: 

The total viable bacterial count (TC) was enumerated on plate count agar medium at 32ºC for 48 h [26]. 

Coliform bacteria were determined using violet red bile agar medium after incubation at 37ºC for 24 h [26]. 

Counts of aerobic spore forming bacteria were determined on nutrient agar medium at 37ºC [27]. Molds and 

yeasts were enumerated on potato dextrose agar medium and plates were incubated at 25 ± 2ºC for 5 days [28]. 

 

3.3 Texture profile analysis (TPA): 

Texture profile analyses were performed using double compression test. Samples were cut in the form of 

squares and kept at ambient temperature for one hour before being tested by Texture Analyzer TX.XT plus 

(Stable Micro Systems, Surrey, UK) using 2 inches diameter cylinder probe. Max recommended load: 50 kg 

Manu Material: Stainless Steel Max Operation Temp: 200C (Pre-Test Speed 1.5 mm/s. Test Speed 2.0 mm/s. 

Post-Test Speed 10.0 mm/s. Distance 5 mm). Analyses were carried out in duplicate and the mean was 

calculated. 

The following parameters were evaluated according to the definitions given by the International Dairy 

Federation [29]: 

 

Hardness (kilogram, kg):  

The force required to produce a given deformation, 

 

Cohesiveness (no dimension): 

The quantity to simulate the strength of the internal bonds making up the body of the product, 

 

Springiness or elasticity (no dimension):  

The rate at which a deformed material goes back to its undeformed condition after the deforming force is 

removed, 

 

Gumminess:  
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The quantity to simulate the energy required to disintegrate a semi-solid food product to a state ready to 

swallowing, (Gumminess= hardness x cohesiveness) and 

 

Chewiness:  

The quantity to simulate the energy required to masticate a solid food product to a state ready for 

swallowing, (chewiness= gumminess x springiness). 

 

3.4 Cheese microstructure: 

The microstructure of reduced-fat cheeses (treatments N2 and N3) and fat substituted cheeses (treatments I1 

and I2) was evaluated using scanning electron microscopy at the beginning and after 6 months of storage at 

ambient temperature. Cheese specimens were prepared according to the method described previously [30]. 

Briefly, cheese cubes 3x3x3 mm were cut from the center portion of cheese fixed in solution consist of (4% 

formaldehyde, 1% gluteraldehyde) in 0.1 mol/l phosphate buffer solution pH 7.2 at 4°C for 3 h. Cubes were post 

fixed in osmium tetraoxide 2% (v/v) in the same buffer at 4°C for 2 h. Samples were washed in phosphate 

buffer and dehydrated successively at 4°C through a graded (20, 40, 60, 80, 95%, and 100%) series of ethanol. 

Cubes were then defatted twice in chloroform for 15 min each, and returned to absolute alcohol. Specimens 

were critical-point dried by CO2. Each dried specimen was fractured to expose the internal structure, mounted 

on a copper stub and coated with gold up to a thickness of 400 Å in a sputter-coating unit (JFC-1100E, Japan). 

Observations of coated specimens were performed by Jeol JSM-5300 scanning electron microscope (Japan) 

operated at 20 KV. 

 

3.5 Sensory evaluation: 

Cheese samples were subjected to sensorial evaluation just following production and after 2, 4 and 6 

months of storage at ambient temperature. Five sensorial attributes including, colour, aroma, taste, consistency 

and oiling off were evaluated using a hedonic scale from 1 to 10 as described previously [31]. Reduced-fat and 

fat substituted cheeses were assessed independently by a score panel of 12 experienced personnel belong to the 

staff  members of Dairy Science and Technology Department, Faculty of Agriculture, Alexandria University 

and SAKR Group Company for Food products (Bourg El-Arab city, Alexandria). 

 

3.6 Statistical analysis: 

F-test and analysis of variance of treatments difference were performed according to Steel and Torrie [32]. 

Statistical analysis was done by ANOVA, F-test and least significant difference (L.S.D) procedures available 

within the SAS software package, version 9.13 [33]. Differences between treatments with P< 0:05 were 

considered to be statistically significant. 

 

RESULTS AND DISCUSSION 

 

Chemical composition and pH: 

The chemical composition and pH of reduced-fat and fat substituted block-type processed cheeses are 

presented in Table 2. The inclusion of bulgur in cheese blends appeared to decrease (P≤ 0.05) pH for all cheese 

trials since the day of manufacture. This effect was remarkable in reduced-fat than in fat substituted cheeses. 

The pH values of bulgur-containing reduced-fat cheeses (N3 to N6) were approximately 0.2 unit lower 

compared with bulgur-free cheese (N2). Also, fat substituted bulgur-containing cheeses (I3 to I5) had slightly 

lower pH compared with I1 cheese. The pH of both cheese categories changed slightly (P≥ 0.05) during storage 

and remained within the range from 5.52 to 5.73 (for reduced-fat trials) and from 5.86 to 5.73 (for fat substituted 

trials) (data not shown).  

At concentrations of 1 and 2%, bulgur did not appear to have significant effect on moisture content in both cheese 

categories. However, cheeses containing 3 and 4% bulgur (N5, N6, I4 and I5 cheeses) had significantly (P≤ 0.05) 

lower moisture content compared with bulgur-free cheeses (treatments N2 and I1). Cheeses subjected to treatments 

N5 and N6 had 2.4 and 3.7% less moisture than N2 cheese, while cheeses coded I4 and I5 had 1.1 and 1.7% less 

moisture than I1 cheese. The incorporation of rice bran up to 4% into processed cheese spread has been shown to 

increase (P≥ 0.05) moisture content, while at 6% a significant decrease has been reported previously [31]. During 

storage, reduced-fat and fat substituted cheeses showed gradual decreases (P≤ 0.05) in their moisture contents as 

storage period progressed (data not shown).  

The fat content of N1 and N2 cheeses was 23.2 and 15.3%, respectively, which correlate to fat reduction of 

approximately 34% in N2 cheese (Table 2). The inclusion of bulgur in reduced-fat and fat substituted blends at 1 

and 2% did not appear to significantly change fat content of the resultant cheeses. However, cheeses containing 

3 and 4% bulgur of both cheese categories (N5, N6, I4 and I5) had significantly higher fat content compared 

with bulgur-free cheeses (N2 and I1 cheeses). The increase in fat content in those cheeses may be attributed to 

the fat content of bulgur itself. This was expected as bulgur (contained up to 3% fat) was used to replace 
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skimmed milk powder (0.8% fat). Similar observation was previously reported for processed cheese spread with 

added rice bran and attributed to the oil content of the rice bran itself [31]. 

The total protein content of bulgur-free cheeses (N1, N2 and I1 cheeses) represented 12% of the gross 

composition of such cheese (Table 2). In bulgur containing cheeses (N3 to N6 and I2 to I5) there were gradual 

decreases (P≤ 0.05) in total protein content with the increased concentration of added bulgur. For both reduced-

fat and fat substituted cheeses, total protein contents of 11.8, 11.6, 11.4 and 11.2% were determined in cheeses 

with added 1, 2, 3 and 4% bulgur, respectively. This was expected since bulgur used in this study contained less 

protein content (11.2-13.5%) compared with skimmed milk powder (33%). Similarly, the replacement of cheese 

base with rice bran in formulation of processed cheese spreads led to decrease in the protein content of the 

product as rice bran contained less protein than the cheese base [31]. Salt content of reduced-fat (treatments N1 

to N6) and fat substituted (treatments I1 to I6) cheeses ranged from 1.50 to 1.67%.  

In general, the gross chemical composition of full-fat and reduced-fat block-type cheeses made in this study 

fulfill the legal standard specification of the full-fat (35-65% fat/dry matter and at least 44% dry matter) and 

reduced-fat block-type processed cheeses (25-35% fat/dry matter and at least 40% dry matter) [22]. The fat/dry 

matter ratio and dry matter content of reduced-fat cheeses ranged from 33.70 to 33.85 and from 44.2 to 48.5%, 

respectively. Fat substituted cheeses (I1 to I5) had fat⁄dry matter ratio (44.76 to 50.40) and dry matter content 

(51.2 to 52.5%) which satisfied the Egyptian standards (35-65% fat/dry matter and at least 44% dry matter) for 

fat substituted block-type processed cheese [23].    

 

Microbiological quality: 

The effect of partial replacement of skim milk powder with bulgur on microbiological quality of reduced-

fat and fat substituted cheeses was evaluated by determining the viable counts of four microbial groups namely 

total bacteria, spore-forming, coliform, moulds and yeasts. Results revealed that no spore former, coliform, 

moulds and yeasts could be detected during storage of any of cheese trials made in this study. The absences of 

these microbial groups may be attributed to the efficient of heat treatment (85ºC⁄5 min) applied during 

processing of ingredients and good hygienic practice during processing and handling of cheese [34]. On the 

other hand, the inclusion of bulgur in blends in the production of such type of processed cheese resulted in a 

significant (P ≤ 0.05) increase in viable bacterial count compared with the corresponding control trials (data not 

shown). This effect was remarkable in cheeses made with the highest concentration of bulgur (particularly N6 

and I5 cheeses). In general, total viable counts during 6 month storage ranged from 200 to 500 cfu/g and from 

300 to 1300 cfu/g in reduced-fat and fat-substituted cheeses, respectively. Despite the significant increase in 

total viable bacterial counts the microbiological quality of both N6 and I5 cheeses remained within the 

acceptable limits. The determined counts fall in the range of 60-8700 cfu/g reported for market processed cheese 

samples [35 and 36]. 

 

Textural characteristics: 

The evolution of textural characteristics (hardness, cohesiveness, springiness, gumminess and chewiness) 

during storage of reduced-fat and fat substituted cheeses is shown in Tables 3 and 4, respectively. It was obvious 

that the inclusion of bulgur in blends of processed cheeses modified the textural characteristics of the resultant 

cheeses depending on the amount of added bulgur and storage time. 

At 0-day storage, reduced-fat cheeses with added bulgur (N3 to N6) showed significant increases in values 

for hardness and chewiness, while values for cohesiveness, springiness and gumminess did not significantly 

differ from those determined for N2 cheese (Table 3). During storage, almost all cheeses showed the same 

rheological trend in which values for hardness, springiness, gumminess and chewiness increased significantly as 

storage period progressed, reached maximum after 4 months and remained relatively stable or slightly decreased 

thereafter. On contrary, cohesiveness values for all cheeses appeared to decrease gradually during storage 

period. Throughout storage period, N3 cheese, among bulgur containing cheeses, developed texture profile quite 

similar to that for control cheese (N2). After 6 month, values for hardness, springiness and chewiness exhibited 

by N3 cheese were insignificantly (P > 0.05) different from those determined for N2 cheese. However, N3 

cheese had significantly higher cohesiveness and lower gumminess values compared with N2 cheese. On the 

other hand, cheese with the highest concentration of bulgur (N6) had the lowest (P ≤ 0.05) values for hardness, 

springiness, gumminess and chewiness compared with other reduced-fat cheeses.    

Fat substituted cheeses exhibited rheological behaviour extremely similar to that reported previously for 

reduced-fat processed cheeses (Table 4). The inclusion of bulgur in cheese blends slightly changed textural 

characteristics at 0-day storage but changes between bulgur-containing cheeses (I2 to I5) and control cheese (I1) 

became more evident as storage period progressed. At 0 day storage, the inclusion of bulgur at levels up to 2% 

did not significantly affect the values for the evaluated textural characteristics. The significant impact of bulgur 

appeared in I4 and I5 cheeses which exhibited significant increases in values for hardness, gumminess and 

chewiness. As an overview, all cheeses exhibited the same tendency during storage in which values for 

springiness, gumminess and chewiness increased gradually (P ≤ 0.05), reached the maximum at 4 month and 
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decreased thereafter. The values for hardness of I1, I2 and I3 cheeses appeared to increase (P ≤ 0.05) as storage 

period progressed, while I4 and I5 cheeses had the highest values at 4 month which decreased at 6 month of 

storage. Contrary to hardness, values for cohesiveness decreased gradually (P ≤ 0.05) in all cheeses as storage 

period progressed. At 6 month, I2 cheese (containing 1% bulgur) showed significantly higher values for 

cohesiveness, gumminess and chewiness but lower (P ≤ 0.05) hardness values compared with control cheese 

(I1).    

The textural characteristics of processed cheese are largely determined by its chemical composition (e.g., 

water and fat contents etc....) and pH, degree of proteolysis in the natural cheese, type and amount of 

emulsifying salts used for its formulation, processing conditions (temperature, stirring speed, cooling rate and 

processing time) and storage conditions (time and temperature) [37, 38 and 39]. Fat removal (as in N2 to N6 

cheeses) and the incorporation of bulgur into processed cheese formulation (as in N1 to N6 and I2 to I5 cheeses) 

modified the chemical composition and pH of the resultant cheeses and consequently their rheological 

behaviour. The incorporation of bulgur (74% carbohydrate, mainly starch) into cheese blends resulted in cheeses 

with significantly lower pH and moisture content compared with the corresponding control cheeses (N2 and I1 

cheeses). Gampala and Brennan [40] incorporated 3 commercial starch ingredients (differing in 

amylose/amylopectin ratios) into a processed cheese formulation and reported that cheeses with high amylose 

starch exhibited five-fold increase in firmness, whereas those contained amylopectin based starches yielded a 

two-fold increase in firmness. However, no significant differences were observed in the adhesive and cohesive 

properties of the processed cheeses when starch was added to the formulation. In addition, a reduction in pH has 

been reported to increase cheese hardness [41] as the case of bulgur containing cheeses made in this study. The 

degree of proteolysis in the natural cheese is another important factor that can affect processed cheese texture. 

Protein breakdown has been shown to decrease cheese springiness and cohesiveness [42 and 43]. 

 

Cheese microstructure: 

Scanning electron microscopy was used to examine the internal microstructure of reduced-fat and fat 

substituted block-type processed cheeses with added 1% bulgur at the beginning and after 6 months of storage at 

ambient temperature.  

Using the same magnitude (500x), the overall microstructure of reduced-fat (N2 and N3 cheeses) and fat 

substituted (I1 and I2) cheeses is presented in Figures 1 and 2, respectively. In 0-day storage, bulgur-free 

reduced-fat cheese (N2) (Figure 1A) had homogenous, uniform and compact structure compared with the 

corresponding cheese with added 1% bulgur (N3) in which the overall structure was less compact, un-

homogenous (Figure 1C). In addition, a filamentous-like structure could be seen through the cheese network as 

one of the structural characteristics of N3 cheese. This structure appeared to have low electronic density and 

might be attributed to the carbohydrate content of bulgur added to N3 cheese blend. After 6 months of storage, 

the overall structure of N2 and N3 cheeses became more open with less compact cheese network (Figure 1B and 

D, respectively).  

On the other hand, fat substituted cheeses (I1 and I2) exhibited overall structural characteristics similar to 

those shown by N2 and N3 cheeses at 0-day storage (Figure 2A and C). At 6 month of storage, I1 and I2 cheeses 

showed less compact and granular cheese matrix than cheeses at the beginning of storage (Figure 2 B and D). 

This structural attribute was more evident in cheese with added bulgur (I1) than bulgur-free-cheese (I1). 

The photomicrographs, taken at magnitude (5000 x), of the microstructure of reduced-fat and fat substituted 

cheeses with added 1% bulgur are presented in Figures 3 and 4, respectively. The microstructure of reduced-fat 

N2 cheese at 0 day-storage could be described as a smooth and homogenous protein matrix in which spherical 

voids (representing space of fat globules that were extracted during sample preparation) were embedded and 

distributed uniformly throughout (Figure 3A). This description was in agreement with that previously reported 

for processed cheese [44 and 45]. However, the inclusion of bulgur at 1% into N3 cheese blend appeared to 

modify the microstructural future of reduced-fat processed cheese leading to the formation of 1) irregular 

protein matrix , 2) a filamentous-like structure and 3) larger fat globules which were less uniformly distributed 

throughout the cheese structure (Figure 3C) as compared with bulgur-free cheese (N2). Also, the surface of 

protein matrix of N3 cheese appeared to be coarse and the matrix itself was less compact and denser compared 

with N2 cheese. These modifications could probably be attributed to the emulsification capacity and protein 

binding ability of added bulgur flour. Similarly, the inclusion of native or boiled soy proteins in process cheese 

manufacture led to the conversion of fine network microstructure of processed cheese to coarse porous structure 

[46]. At 6 month of storage, the microstructure of both cheeses (N2 and N3) became less compact and this 

structural modification was more evident in N3 than in N2 cheese (Figure 3 B and D). 

The microstuctural characteristics of bulgur-free cheeses made in this study are in agreement with those 

previously reported for processed cheese [47 and 48]. Processed cheese microstructure was described as a stable 

oil-in-water emulsion which consisted essentially of a fat phase evenly dispersed in a partially dispersed casein 

network. Heating and stirring used during processing determine to a far extent the structural future of processed 

cheese. The combined effect of these technological treatments result in 1) separation of fat from protein matrix 
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in natural cheese [49], 2) destruction of granule junction of the protein matrix and fat globule membrane and 3) 

conversion of insoluble protein matrix of natural cheese into a smooth and homogeneous mass [50]. 

On the other hand, 0-day storage fat substituted I1 and I2 cheeses had continuous protein matrix in which 

fat globules with greater diameters, compared to fat globules in reduced-fat cheese, were unevenly distributed 

(Figure 4 A and C). This structure description was previously reported for a spreadable processed cheese 

analogue made with vegetable fat [46]. The authors reported that an increase in vegetable fat content in cheese 

blend resulted in a decrease in the number of fat globules and an increase in their diameters. This modification 

in fat globule size might be attributed to stirring and heating used during manufacture of fat substituted cheese. 

The application of these technological treatments might be responsible for rupturing Van der Waals bonds 

which tight triglyceride network of the hydrogenated vegetable fat leading to the release of melted fat and the 

formation of particles of variable diameter [51 and 52]. After 6 months of storage, the protein matrix of I1 and 

I2 cheeses became denser and less compact compared with their corresponding cheeses at 0-day storage (Figure  

4 B and D). In addition, protein network of I2 cheese appeared to be smoother compared to cheese at 0-day 

storage which had protein network with rough surface (Figure 4 C and D).   

 

 
 

Fig. 1: Scanning electron micrographs of the effect of bulgur on overall structure of reduced-fat block-type 

processed cheese. A and B: cheeses with no added bulgur at the beginning and after 6 months of storage 

at ambient temperature, respectively. C and D: cheeses with 1% added bulgur at the beginning and after 

6 months of storage at ambient temperature, respectively. Black arrow indicates filamentous-like 

structure. Magnitude 500 x; at 20 kV. Bar = 50 µm. 

 

 
 

Fig. 2: Scanning electron micrographs of the effect of bulgur on overall structure of fat substituted block-type 

processed cheese. A and B: cheeses with no added bulgur at the beginning and after 6 months of storage 

at ambient temperature, respectively. C and D: cheeses with 1% added bulgur at the beginning and after 

6 months of storage at ambient temperature, respectively. Magnitude 500 x; at 20 kV. Bar = 50 µm. 
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Fig. 3: Scanning electron micrographs of the effect of bulgur on microstructure of reduced-fat block-type 

processed cheese. A and B: cheeses with no added bulgur at the beginning and after 6 months of 

storage at ambient temperature, respectively. C and D: cheeses with 1% added bulgur at the beginning 

and after 6 months of storage at ambient temperature, respectively. Letters f and p indicate fat void 

spaces and protein matrix, respectively. Black arrows indicate filamentous-like structure. Magnitude 

5000 x; at 20 kV. Bar = 5 µm. 

 

 
 

Fig. 4: Scanning electron micrographs of the effect of bulgur on microstructure of fat substituted block-type 

processed cheese. A and B: cheeses with no added bulgur at the beginning and after 6 months of 

storage at ambient temperature, respectively. C and D: cheeses with 1% added bulgur at the beginning 

and after 6 months of storage at ambient temperature, respectively. Letters f and p indicate fat void 

spaces and protein matrix, respectively.  Magnitude 5000 x; at 20 kV.  Bar = 5 µm. 

 

Sensorial attributes: 

The effect of bulgur on sensorial attributes (colour, smiling, consistency, oiling off and taste) of reduced-fat 

and fat substituted cheeses is shown in Tables 5 and 6, respectively. Depending on added concentration and 

storage time, the inclusion of bulgur in blends of such cheese categories appeared to have significant impact on 

sensorial attributes of the resultant cheeses. In general, higher concentrations of bulgur and prolonged storage 

had both adverse effects on sensorial characteristics of cheeses. 

For reduced-fat set, N3 cheese (with 1% bulgur) showed organoleptic characteristics similar to that of 

bulgur-free cheese (N2) particularly during the first 2 month of storage (Table 5). This was evident since the 

total sensorial scores of N3 and N2 cheese were not significantly differed from each other. However, a 

significant decrease in total sensorial score of N3 cheese, compared with N2, was observed since the 4th month 

of storage. Throughout storage period, N4 to N6 cheeses showed significantly lower total sensorial scores 
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compared with that given to bulgur-free cheese (N2). Among tested parameters, consistency of N4 to N6 

cheeses was the most affected criterion by bulgur inclusion.  

Unlike reduced-fat cheeses, bulgur appeared to have little impact on sensorial characteristics of fat 

substituted cheeses particularly during the first 2 month of storage (Table 6). During this period, bulgur-

containing cheeses (I2 to I5) retained their acceptability as they had smiling and taste scores equal or superior to 

those given to bulgur-free cheese (I1). Also total sensorial scores exhibited by I2 to I5 cheeses during the first 2 

month of storage were not significantly differed from those given to I1 cheese. From month 4 to 6, there were 

continuous decreases in scores given to consistency and oiling off criteria in all cheeses including bulgur-free 

cheese. The decrease in these criteria was more evident in bulgur containing than free cheeses.  

 
Table 1: Formulation and experimental code of reduced-fat*1 natural and imitated block-type processed cheeses made in this study              

Imitated cheeses code Reduced-fat cheeses code Ingredients (Kg) 

I5 I4 I3 I2 I1 N6 N5 N4 N3 N2 N1  

10 10 10 10 10 10 10 10 10 10 10 Cheddar  

0.0 0.0 0.0 0.0 0.0 5.05 5.05 5.05 5.05 5.05 10.1 Butter  

8.25 8.25 8.25 8.25 8.25 0.0 0.0 0.0 0.0 0.0 0.0 Palm oil 

4.0 4.5 5.0 5.5 6.0 4.0 4.5 5.0 5.5 6.0 6.0 SMP 

2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 MPC*2  

1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 Modified starch 

1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.15 Emulsifying 

salts 

0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48   Salt 

0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 Flavours 

0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 Stabilizer 

0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 Potassium sorbet  

2.0 1.5 1.0 0.5 0.0 2.0 1.5 1.0 0.5 0.0 0.0 Bulgur 

19.17 19.17 19.17 19.17 19.17 22.37 22.37 22.37 22.37 22.37 17.32 Water 

50 50 50 50 50 50 50 50 50 50 50 Total 

 

33.33 

 

25.0 

 

16.66 

 

8.33 

 

0.0 
33.33 25 16.66 8.33 0.00 0.00 

Skimmed milk 

 )%(replacment  

 

4.0 

 

3.0 

 

2.0 

 

1.0 

 

0.0 4.0 3.0 2.0 1.0 0.0 0.0 

(%) Final 

concentration of 

bulgur 
*1Fat content was reduced by 34% compared to full fat natural processed cheese (N1 cheese). 
*2SMP: skim milk powder 
*3MPC: milk protein concentrate 

 
Table 2: Chemical composition and pH of reduced-fat*1 and fat-substituted block-type processed cheeses. Data obtained at 0-day storage are 

presented as the means ± standard deviations 

Cheese codes*2 pH Moisture 

(%) 

Fat 

(%) 

Salt 

(%) 

Protein 

(%) 

Fat⁄dry matter 

Reduced-fat cheeses 

N1 5.68±0.02a 47.7±0.2d 23.2±0.1a 1.57±0.2b 12.0±0.1a 44.35±0.1a 

N2 5.73±0.04a 55.8±0.9a 15.3±0.2c 1.63±0.3a 12.0±0.1a 33.85±0.2c 

N3 5.52±0.03b 55.7±0.4a 15.3±0.2c 1.53±0.1b 11.80±0.2b 33.80±0.2c 

N4 5.57±0.05b 55.6±0.5a 15.3±0.2c 1.52±0.2b 11.60±0.1c 33.70±0.2c 

N5 5.56±0.02b 53.4±0.6b 16.2±0.1b 1.62±0.2a 11.40±0.1d 34.75±0.1b 

N6 5.56±0.05b 51.5±0.6c 16.4±0.1b 1.52±0.1b 11.20±0.1e 33.80±0.2c 

 

Fat-substituted cheeses 

I1 5.83±0.02a 47.5±0.4a 23.2±0.2d 1.67±0.2a 12.0±0.2a 44.90±0.2c 

I2 5.83±0.02a 47.5±0.1a 23.2±0.2d 1.57±0.3c 11.80±0.1b 44.80±0.1c 

I3 5.79±0.05b 47.2±0.3a 23.4±0.3c 1.58±0.1b 11.60±0.1c 44.76±0.1c 

I4 5.75±0.04c 46.4±0.3b 23.9±0.2b,c 1.57±0.1b,c 11.40±0.2d 47.48±0.2b 

I5 5.79±0.03b 45.8±0.4c 24.5±0.4a 1.67±0.1a 11.20±0.1e 50.40±0.1a 
*1Fat content was reduced by 34% compared to full fat natural processed cheese (N1 cheese). 
*2 Codes: N1 and N2: full-fat and 34% reduced-fat block-type cheeses with no added bulgur. N3, N4, N5 and N6 are representing reduced-

fat cheeses with 1, 2, 3 and 4% bulgur, respectively. 

Codes: I1, I2, I3, I4 and I5 are representing fat-substituted cheeses with 0, 1, 2, 3 and 4% bulgur, respectively. 
a–eSuperscript letters following numbers in the same column of each cheese category denote significant differences (P ≤ 0.05). 

 

Table 3: Changes in textural attributes during storage of reduced-fat block-type processed cheeses with added bulgur. Data are the means ± 
standard deviations 

Cheese 

codes*1 
Cheese age (month) 

Hardness 

(Kg) 
Cohesiveness Springiness Gumminess Chewiness 

N1 0 1.62±0.09i 0.25±0.01b 6.48±0.50f 0.41±0.01f 2.6±0.15h 

2 8.97±0.81c 0.20±0.05b 7.00±1.10e 1.75±0.09c 12.6±0.75d 

4 10.72±0.92b 0.17±0.03c 7.05±0.90e 1.82±0.15c 12.85±0.93d 

6 11.21±1.02a 0.16±0.02d 6.90 ±0.85e 1.79±0.11c 12.38±0.81d 

       

N2 0 1.62±0.14i 0.30±0.05a 7.09±0.62e 0.50±0.09f 3.45±0.29f,g 
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2 7.81±1.02e 0.30±0.07a 8.50±0.77d 2.34±0.15b 19.90±0.63b 

4 9.76±1.56c 0.31±0.05a 10.54±0.56b 3.02±0.20a 4.66±0.09f 

6 10.71±2.00b 0.19±0.06c 9.90±1.03b,c 2.01±0.35b 20.148±0.12b 

       

N3 0 1.94±0.20h 0.30±0.06a 6.89±0.53e 0.59±0.06f 4.00±0.32f 

2 9.37±1.33c 0.25±0.05b 8.30±0.77d 2.33±0.35b 19.44±1.60b 

4 10.58±2.46b 0.20±0.04c 9.4±0.43c 2.12±0.11b 19.90±1.20b 

6 10.00±1.60b 0.19±0.02c 9.6±0.81c 1.90±0.23c 18.26±0.85b 

       

N4 0 2.00±0.31h 0.29±0.02a 7.44±0.67e 0.58±0.04f 4.30±0.41f 

2 8.01±0.51d 0.25±0.03b 9.65±0.56c 2.00±0.17b 19.30±1.43b 

4 8.50±0.69d 0.17±0.01c 11.08±1.19a 1.44±0.07d 16.01±1.21c 

6 8.64±0.98d 0.17±0.09c 8.59±0.57d 1.47±0.09d 12.62±1.10d 

       

N5 0 1.38±0.14j 0.27±0.01a 7.41±0.89e 0.37±0.04f 2.76±0.18g 

2 6.58±0.20f 0.25±0.02b 10.0±1.11b 1.65±0.11d 16.50±1.12c 

4 6.73±0.18f 0.20±0.03c 10.3±0.98b 1.27±0.18d 13.12±1.31d 

6 5.91±0.12g 0.16±0.01c 7.89±0.57e 0.95±0.19e 7.46±1.27e 

       

N6 0 1.70±0.19h,i 0.27±0.04a 7.41±0.55e 0.46±0.05f 3.40±0.12f,g 

2 5.14±0.31g 0.29±0.03a 11.2±0.98a 1.49±0.11d 16.70±1.89c 

4 5.99±0.22g 0.30±0.06a 11.7±0.95a 1.80±0.15c 21.02±1.96a 

6 5.95±0.54g 0.18-±0.03c 7.19±0.43e 1.07±0.11e 7.70±1.074e 
*1Codes: N1 and N2: full-fat and 34% reduced-fat block-type cheeses with no added bulgur. N3, N4, N5 and N6 are representing reduced-fat 

cheeses with 1, 2, 3 and 4% bulgur, respectively. 
a–jSuperscript letters following numbers in the same column denote significant differences (P ≤ 0.05). 
 

Table 4: Changes in textural attributes during storage of fat substituted block-type processed cheeses with added bulgur. Data are the means 
± standard deviations 

Cheese 

codes*1 
Cheese age (month) 

Hardness 

(Kg) 
Cohesiveness Springiness Gumminess Chewiness 

I1 0 1.76±0.09g 0.27±0.02a 6.92±0.22f 0.48±0.05h 3.29±0.40j 

2 3.83±0.12f 0.30±0.03a 7.50±0.34e 1.15±0.12f 8.62±0.65h 

4 6.6±0.40d 0.30±0.02a 11.13±0.44a 1.99±0.11b 22.03±1.30b 

6 11.25±0.70a 0.14±0.01e 8.50±0.15d 1.58±0.10d 12.38±1.00ef 

       

I2 0 1.77±0.08g 0.30±0.03a 6.89±0.89f 0.54±0.03h 3.66±0.3.2j 

2 4.15±0.39e 0.25±0.01b 7.60±0.50e 1.04±0.01f 7.89±0.61h 

4 8.25±0.71c 0.21±0.03c 9.02±1.04b,c 1.73±0.10c 15.63±1.20d 

6 10.35±1.20b 0.21±0.02c 8.39±1.9d 2.17±0.15a 18.24±1.02c 

       

I3 0 3.04±0.29f 0.29±0.02a 6.48±1.02f 0.88±0.08g 5.71±0.54i 

2 4.26±0.32e 0.28±0.01a 7.00±0.96e 1.19±0.12f 8.34±1.04h 

4 7.79±0.56c 0.22±0.05c 7.79±1.51d,e 1.70±0.13c 13.35±1.50e 

6 10.45±0.46b 0.13±0.01e 8.45±2.01d 1.40±0.14e 11.49±0.88f 

       

I4 0 3.49±0.96f 0.28±0.02a 7.66±1.02e 0.97±0.07g 7.48±0.65h 

2 4.58±0.85e 0.25±0.01b 8.75±1.60c,d 1.14±0.15f 10.02±1.31g 

4 11.83±0.24a 0.19±0.01c,d 11.56±1.30a 2.24±0.12a 25.98±1.50a 

6 10.37±0.19b 0.15±0.01e 10.06±1.90b 1.56±0.09d 15.64±1.70d 

       

I5 0 3.28±0.88f 0.20±0.01c 5.73±1.00g 0.65±0.03h 3.52±0.06j 

2 4.62±0.37e 0.20±0.01c 7.05±0.99e 0.92±0.07g 6.51±1.03i 

4 11.26±0.67a 0.18±0.02d 11.18±1.13a 2.03±0.09a,b 22.66±1.54b 

6 10.97±0.79b 0.10±0.01f 9.50±1.01b 1.10±0.10f,g 10.45±1.30f,g 
*1Codes: I1, I2, I3, I4 and I5 are representing fat substituted cheeses with 0, 1, 2, 3 and 4% bulgur, respectively. 
a–jSuperscript letters following numbers in the same column denote significant differences (P ≤ 0.05). 

 

Table 5: Changes in sensorial attributes during storage of reduced-fat block-type processed cheeses with added bulgur. Data are the means ± standard 
deviations 

Cheese 

codes*1 
Cheese age (month) 

Colour 

(10.0) 

Smiling 

(10.0) 

Consistency 

(10.0) 

Oiling off 

(10.0) 

Taste 

(10.0) 

Total 

(50.0) 

N1 

0 10.0±0.0a 10.0±0.0a 10.0±0.0a 10.0±0.0a 10.0±0.0a 50.0±0.0a 

2 9.0±0.5b 9.0±0.6b 8.0±0.4c 8.0±0.4c 8.0±0.5c 42.0±1.0c 

4 9.0±0.4b 9.0±0.7b 8.0±0.9c 8.0±0.5c 7.0±0.5d 41.0±1.4c 

6 9.0±0.8b 8.0±0.5c 9.0±0.7b 9.0±0.9b 8.0±0.8c 40.0±1.8c 

        

N2 

0 10.0±0.0a 10.0±0.0a 10.0±0.0a 10.0±0.0a 10.0±0.0a 50.0±0.0a 

2 9.0±0.5b 9.0±0.3b 9.0±0.6b 9.0±0.4b 8.0±0.5c 44.0±1.7b 

4 8.0±0.7c 8.0±0.5c 9.0±0.2b 9.0±0.5b 8.0±0.9c 42.0±1.0c 

6 9.0±0.9b 9.0±0.4b 9.0±0.9b 9.0±0.6b 5.0±0.8f 41.0±1.5c 

        



27                              El Sayed Aly et al., 2017/ Journal of Applied Sciences Research. 13(x) January 2017, Pages: x-x 

 

N3 

0 9.0±0.8b 10.0±0.0a 10.0±0.0a 10.0±0.0a 10.0±0.0a 49.0±1.0a 

2 9.0±0.4b 8.0±0.1c 9.0±0.7b 10.0±0.5a 8.0±0.3c 44.0±1.2b 

4 8.0±0.6c 8.0±0.9c 7.0±0.5d 8.0±0.6c 6.0±0.6e 38.0±1.0d 

6 8.0±0.5c 8.0±0.7c 8.0±0.3c 7.0±0.7d 6.0±0.5e 37.0±1.4d 

        

N4 

0 8.0±0.5c 9.0±0.5b 9.0±0.4b 10.0±0.0a 9.0±0.5b 45.0±1.2b 

2 8.0±0.4c 8.0±0.5c 7.0±0.5d 8.0±0.6c 8.0±0.5c 39.0±1.5c 

4 8.0±0.5c 7.0±0.2d 7.0±0.5d 8.0±0.5c 7.0±0.9d 37.0±1.3e 

6 7.0±0.8d 7.0±0.5d 7.0±0.7d 8.0±0.4c 7.0±0.4d 36.0±1.0e 

        

N5 

0 8.0±0.5c 9.0±0.4b 8.0±0.5c 10.0±0.0a 9.0±0.5b 44.0±1.7b 

2 8.0±0.7c 8.0±0.3c 7.0±0.6d 8.0±0.5c 7.0±0.7d 38.0±1.8d 

4 8.0±0.5c 7.0±0.8d 7.0±0.3d 8.0±0.4c 6.0±0.6e 36.0±1.5e 

6 7.0±0.9d 7.0±0.5d 6.0±0.7e 7.0±0.7d 6.0±0.3e 33.0±1.0f 

        

N6 

0 7.0±0.5d 9.0±0.5b 7.0±0.5d 10.0±0.0a 8.0±0.4c 41.0±1.0c 

2 8.0±0.7c 8.0±0.4c 8.0±0.6c 8.0±0.7c 8.0±0.7c 40.0±1.0d 

4 8.0±0.8c 8.0±0.5c 7.0±0.7d 8.0±0.5c 7.0±0.6d 38.0±1.5d 

6 7.0±0.5d 6.0±0.8e 6.0±0.2e 8.0±0.4c 6.0±0.5e 33.0±1.3f 
*1Codes: N1and N2: full-fat and 34% reduced-fat block-type cheeses with no added bulgur. N3, N4, N5 and N6 are representing reduced-fat 

cheeses with 1, 2, 3 and 4% bulgur, respectively. 
a–f Superscript letters following numbers in the same column denote significant differences (P ≤ 0.05). 

 

Table 6: Changes in sensorial attributes during storage of fat substituted block-type processed cheeses with added bulgur. Data are the means ± 
standard deviations 

Cheese 

codes*1 
Cheese age (month) 

Colour 

(10.0) 

Smiling 

(10.0) 

Consistency 

(10.0) 

Oiling off 

(10.0) 

Taste 

(10.0) 

Total 

(50.0) 

I1 0 10.0±0.0a 9.0±0.8a 9.0±0.4b 10.0±0.0a 9.0±0.4a 47.0±1.0a 

2 8.0±0.5c 8.0±0.4b 9.0±0.5b 8.0±0.5c 9.0±0.5a 42.0±1.0b 

4 8.0±0.6c 4.0±0.7e 7.0±0.5d 5.0±0.5f 7.0±0.5c 37.0±1.5d 

6 8.0±0.4c 4.0±0.2e 6.0±0.4e 5.0±0.6f 6.0±0.3d 35.0±1.4e 

        

I2 0 10.0±0.0a 9.0±0.0a 9.0±0.5b 10.0±0.0a 9.0±0.8a 47.0±1.4a 

2 8.0±0.6c 9.0±0.3a 9.0±0.5b 9.0±0.4b 9.0±0.5a 44.0±1.6b 

4 9.0±0.8b 5.0±0.5d 4.0±0.5g 5.0±0.5f 4.0±0.2f 33.0±1.0e 

6 9.0±0.5b 5.0±0.5d 4.0±0.5g 5.0±0.5f 4.0±0.5f 33.0±1.8e 

        

I3 0 9.0±0.5b 9.0±0.8a 10.0±0.0a 10.0±0.0a 9.0±0.5a 47.0±1.0a 

2 8.0±0.4c 8.0±0.5b 6.0±0.7e 8.0±0.5c 9.0±0.5a 41.0±1.7c,b 

4 7.0±0.7d 5.0±0.3d 5.0±0.7f 7.0±0.5d 5.0±0.8e 29.0±1.0f,g 

6 6.0±1.0e 5.0±0.5d 5.0±0.5f 6.0±0.5e 5.0±0.4e 27.0±1.4g 

        

I4 0 8.0±0.5c 9.0±0.5a 10.0±0.0a 10.0±0.0a 8.0±0.5b 45.0±1.0a 

2 9.0±0.4b 9.0±0.7a 8.0±0.8c 8.0±0.3c 9.0±0.7a 43.0±1.5b 

4 7.0±0.9d 8.0±0.6b 7.0±0.9d 7.0±0.5d 7.0±0.5c 36.0±1.6de 

6 7.0±0.4d 7.0±0.4c 5.0±1.0f 6.0±0.8e 6.0±0.6d 31.0±1.0f 

        

I5 0 8.0±0.7c 9.0±0.8a 10.0±0.0a 10.0±0.0a 8.0±0.5b 45.0±1.7a 

2 8.0±0.9c 9.0±0.5a 7.0±0.1d 9.0±0.5b 9.0±0.8a 42.0±1.9b 

4 7.0±0.3d 9.0±0.4a 8.0±0.4c 7.0±0.4d 8.0±0.9b 39.0±1.0c,d 

6 6.0±0.5e 8.0±0.5b 8.0±0.5c 6.0±0.5e 7.0±0.5c 35.0±1.4e 
*1Codes: I1, I2, I3, I4 and I5 are representing fat substituted cheeses with 0, 1, 2, 3 and 4% bulgur, respectively. 
a–g Superscript letters following numbers in the same column denote significant differences (P ≤ 0.05). 

 

Conclusion: 

The inclusion of bulgur in processed cheese formulation could significantly affect the chemical composition of 

the resultant cheeses in concentration dependent manner. Protein and fat contents correlated positively with bulgur 

concentration. From microbiological point of view, bulgur did not adversely alter the microbiological quality of 

any of the experimental processed cheeses made in this study. Bulgur had a little impact on rheological parameters 

of both categories of cheese at 0-day storage. However, changes in rheological parameters between bulgur-

containing and control cheese became more evident and remarkable as storage period progressed. These changes 

were corresponded to the level of added bulgur. At microstructure levels, bulgur-free cheeses had homogenous, 

uniform and compact structure which was comparable with cheeses with added 1% bulgur in which the overall 

structure was less compact and homogenous. In addition, a filamentous-like structure could be seen through cheese 

mass as one of structural characteristics of bulgur-containing cheeses. At 6 month of storage, the overall structure 

of cheeses with added 1% bulgur (N3 and I2) became more open as protein network appeared to be less compact, 

porous and granular. The disappearance of smoothness of cheese matrix due to storage progression was also 

observed in bulgur-free cheeses (N2 and I1) but to a lesser extent than in bulgur-containing cheese. The inclusion 

of bulgur in processed cheese formulation slightly modified the sensorial characteristics of the resultant cheeses 
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particularly at the beginning of the storage period. The adverse effects of bulgur on sensorial attributes could be 

detected since the fourth month of storage particularly in cheeses containing high concentration (3 or 4%) of 

bulgur. Cheeses containing 1% bulgur, (N3 and I2 cheeses) had total sensorial scores similar to those for their 

corresponding controls N2 and I1 cheeses, respectively. 

The inclusion of 1% bulgur in blends of reduced-fat and fat substituted block-type processed cheeses 

appeared to have minimum impact on cheese composition, texture, microstructure and sensorial attributes. 

Based on results obtained in this study, bulgur inclusion can reduce the cost and improve functionality of the 

resultant cheese for certain commercial applications. It could be recommended to incorporate 1% bulgur into the 

formulation of reduced-fat and fat substituted block-type processed cheeses as a mean of integrating nutritive, 

healthier and new functional ingredients in processed cheese without deteriorating the sensorial and overall 

characteristics of the final product. Further study is needed to evaluate the health impact of bulgur containing 

processed cheese in an animal model. 
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