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ABSTRACT 

 
There is an increased consumer demand on the consumption of low fat cheese. Reduction of fat associates with defects in 

quality and consumer acceptability of the resultant cheese. The present study was designed to improve flavor and texture of 

reduced fat Ras cheese (50% fat reduction) by using Lactobacillus helveticus (LH) and buttermilk powder (BMP). Reduced-fat 

Ras cheese was made by using LH, LH+0.5% BMP or LH+1% BMP. For comparison reduced-fat and full-fat Ras cheeses 

without LH or BM were also studied. The chemical, physicochemical and proteolysis indices of all cheese treatments were 

measured throughout ripening for 90 days. The results show that addition of 0.5%and1% BMP increased significantly (P<0.05) 
the moisture content, whereas salt on moisture (S/M %) was significantly (P<0.05) decreased in reduced-fat cheese when 

compared to reduced-fat control treatment. These results of moisture and S/M% were associated with improved proteolysis in 

these cheese treatments, which resulted in an improvement in the flavor and texture of the reduced fat Ras cheese. This impact 

was more pronounced with the addition of 1% BM than 0.5% BM. This trend of results was in accordance with that of scanning 

electron microscope analysis. Addition of BMP resulting in a more compact and dense cheese structure accompanied by 
regularly agglomerated protein aggregates. The sensory evaluation revealed possibility of improving consumer acceptability of 

reduced fat Ras cheese with the addition of 1% BM in the presence of LH as adjunct culture. 

Keywords: Reduced fat Ras Cheese – Buttermilk – L. helveticus–Microstructure - Reverse-phase HPLC profile. 
 

INTRODUCTION 
 

During the last decades, consumers become 

more aware about the relationship between diet and 

health. The higher consumption of dietary fat was 

associated with chronic diseases like obesity and 

coronary heart diseases (Miller and Rolls, 1996). 

Therefore, the demand on reduced or low fat food and 

dairy products were increased. Consequently, the 

demand of low fat cheese around the world have been 

significantly increased (Mistry, 2001). Fat is affecting 

significantly the texture, flavour, and consumer 

acceptability of cheese. This is the reason of why low-

fat cheeses produced by conventional methods have 

sensory and texture defects (Banks, 2004). Therefore, 

many studies have been conducted to overcome the 

defects of low fat cheeses. 

Ras cheese is one of the most popular cheeses 

in Egypt (Abou-Donia 2002). It is a hard cheese that is 

similar to a Greek type cheese named Kefalotyri (Hofi 

et al. 1970). This cheese type can be produced from 

cow’s milk alone or mixed with buffalo’s milk (Awad et 

al., 2003). In addition, the demand of low fat cheeses is 

also increased in Egypt. Therefore, the Egyptian’s 

cheese industry is facing a demand to develop reduced 

or low fat cheeses with improved organoleptic and 

quality properties. 

Flavor of cheese is an important determinant 

for consumer acceptability of reduced or low fat cheese. 

Proteolysis in cheese after manufacture and during 

ripening is affecting significantly the texture and flavor 

of Ras cheese (Awad et al., 2007). The non-starter lactic 

acid bacteria like Lactobacillus ssp. is considered as an 

important part of the flavor formation in cheese 

(Beresford et al., 2001). Recently, the adjunct culture of 

selected Lactobacillus ssp. Improved sensory profiling 

attributes of low fat cheese (Skeie et al., 2013). In a 

previous study, Lactobacillus helveticus was used as 

adjunct culture to improve the flavor of typical Ras 

cheese due to its proteolytic activity in cheese (Awad et 

al., 2007). 

Buttermilk is a by-product of butter 

manufacturing. It is rich in phospholipids that come 

from fat globule membrane during manufacturing of 

butter. The phospholipid content was found to be 8.5 

times higher in buttermilk than in skimmed milk (Morin 

et al., 2008). Previously, the components of fat globule 

membrane from buttermilk showed many beneficial 

health effects (Dewettinck et al., 2008). Besides its 

nutritional benefits, buttermilk has been used to improve 

functional properties of different cheeses 

(Govindasamy-Lucey et al., 2006&Morin et al., 2008). 

Recently, the addition of buttermilk powder improved 

texture and quality characteristics of low fat cheddar 

cheese (Romeih et al., 2012). 

 The aim of the present work was  to use of both 

adjunct culture (L. helveticus) and buttermilk powder to 

improve flavor and texture of reduced fat Ras cheese. 

Chemical composition, Reverse-phase HPLC profile of 

the water-soluble fraction, and organoleptic properties 

of cheese after 90 days of ripening were measured. In 

addition, scanning electron microscope was used to 

study the micro-structural characteristics of the resultant 

ripened Ras cheese. 
 

MATERIALS AND METHODS 
 

Milk, culture, rennet and buttermilk powder 

Fresh cow milk was obtained from the Dairy Unit 

of Faculty of Agriculture, Cairo University and 

processed at the pilot laboratory of Dairy Science 

Department. A quantity of whole milk was kept as 

control (see experimental design and cheese making), 

and the remaining amount of the milk was subjected to 

separation(at 45°C) up to   50% fat reduction.  

A freeze-dried yoghurt culture (YO-MIX
TM

) 

consists of Str. thermophilus and Lb. bulgaricus was 

obtained from Danisco, 75017 Paris, France. The 

culture was reactivated and grown at 43°C for 7 h 
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followed by refrigeration overnight before cheese 

manufacture. The activated starter cultures were added 

to cheese milks at a level of 1% (v/v). Lactobacillus 

helveticusCNRZ53 “LH”, which was added to cheese as 

adjunct starter was obtained in MRS broth medium from 

Cairo Microbiological Resources Centre (MIRCEN), 

Ain Shams University, which was activated and sub-

cultured  for  12  h  at  32°C  in re-constituted  skim  

milk  (12.5%  TS)  at  least  twice before  use, and then 

was added to the respective cheese milk treatments at a 

level of 0.5% (v/v), simultaneously with the main 

culture. 

Commercial liquid calf rennet (0.125 N) obtained 

from the Dairy Unit of Faculty of Agriculture, Cairo 

University was used. A commercially available sweet 

buttermilk powder “BM” (Barry Farm Foods Co., 

Wapakoneta, Ohio45895, USA) was used in this study. 

The chemical composition of BM was 34.3% protein, 

5.8% fat, 3.4% moisture, 49.1% lactose and 7.4% ash. 

The BM was added to raw reduced-fat milk of the 

respective treatments at concentration of 0.5% and 1 % 

(w/w). 

Experimental design and cheese making and 

ripening 

The experimental design was performed to 

compare full-fat and reduced-fat Ras cheeses as controls 

(without addition of LH or BM and coded as FF and LF 

treatments, respectively) with three different reduced-fat 

Ras cheeses consisted of the following treatment: 

reduced-fat with addition of LH, reduced-fat with 

addition of LH + 0.5% BM and reduced-fat with 

addition of LH + 1% BM; where are represented in 

codes LF-LH, LF-0.5%BM-LH and LF-1%BM-LH, 

respectively.Five cheese vats were made in three 

replicate blocks (i.e. cheese making days). 

Before each cheese making session and prior to 

milk heat treatment, BM was added to raw reduced-fat 

milk according to their proposed treatments and stirred 

for 14 min or until no lumps were visible to ensure fully 

dissolved powder. All cheese milks were heat treated at 

75ºC/15s in double-walled stainless-steel vats followed 

by rabid cooling to 32ºC, and inoculated with the 

cultures. The milk was ripened at 32ºC until acidity 

developed to 0.19%, then the appropriate amount of 

rennet was added to clot the milk in about 40 min. 

Thereafter, the curd was cut vertically and horizontally 

into cubes using 0.5 inch knives. The curd was stirred 

and heated gradually to 45ºC in 15min, and held at this 

temperature until the whey acidity reached 0.14%. 

About one third of the whey was drained off and 

commercial salt was added at the rate of 2%. 

After15min, the whey was completely drained off and 

the curd was cooled. The curd was then molded and 

pressed for 24h.The cheese was turned over every day 

and rubbed with dry salt for 5d. The resultant cheese 

were then coated with plastic films and ripened at 13 ± 

2°C and 80 ± 5% relative humidity for 90 days. 

Chemical analysis 

Moisture and titratable acidity (TA %) were 

determined according to AOAC (1990). Cheese dry 

matter (DM) was calculated by subtracting moisture 

content from 100. The cheese milk total solids were 

determined using the moisture analyzer (Mettler Toledo 

ModelHR73, Switzerland).The fat content in milk and 

cheese samples was determined by the Gerber method 

as described by Ling (1963), whereas NaCl content was 

determined according to IDF standard methods (17A: 

1972). 

The total nitrogen content (TN %) was measured 

by the Kjeldahl method (International Dairy Federation 

(IDF), 1993). Total protein content was calculated by 

multiplying the TN % by 6.38.The water-soluble 

fraction (WSN) was prepared essentially as described 

by Romeih et al. (2002), Using 20 g grated cheese 

with100 ml H2O.Water-soluble N content of the cheese 

extract was determined by the Kjeldahl method using 10 

ml of cheese extracts. The water content of the extracted 

cheese was taken into account when calculations of the 

N content of cheese extract were made; the water 

soluble nitrogen was expressed as a percentage of total 

nitrogen (WSN%TN). All samples were analyzed in 

duplicate. The water-soluble fraction (WSN) used in the 

chemical analysis was also employed for reverse phase 

RP-HPLC analysis, essentially as described by 

Michaelidou et al. (1998), to compare the casein 

degradation profile in the five different types of cheeses. 

Scanning Electron Microscopy (SEM) 

Small cubic samples from the center of the Ras 

cheese blocks (approximately 3 x 3 mm) were prepared 

using a surgical blade. The protein network of the 

cheese cubes was fixed overnight in 4% (v/v) 

glutaraldehyde in 0.1 M sodium cacodylate buffer at pH 

6.8.The samples were washed several times in 0.1 M 

sodium cacodylate buffer (pH 6.8) at 15 min intervals, 

and then the fat was fixed in 2% (w/v) osmium 

tetraoxide (OsO4) in 0.1 M sodium cacodylate for 1-2 h. 

The cheese samples were re-washed several times in 0.1 

M sodium cacodylate buffer at 15 min intervals, 

followed by dehydration in increasing concentrations of 

aqueous ethanol solutions (25%, 50%, 75%, 90% and 

100%, 15 min in each). Samples were then dried to 

critical point using CO2in a Critical Point Dryer 

(Polaron, Waterford, England), and mounted on 

aluminum SEM stubs, sputter-coated with gold (Spi 

module sputter coater, spi supplies division of structure 

probe.). Samples were examined at 25 KV through 

scanning electron microscope (JEOL–jsm 5200, Faco 

Europe Sarl, 84120 Pertuis, France) and magnification 

of 1500x. 

Sensory evaluation 

Organoleptic assessment of the cheeses after 90 d 

of ripening was performed as described by Volikakis  et 

al. (2004) using a seven graduated scale and reference 

substances to define the scale by five-member panel of 

the Department’s staff selected on the basis of interest 

and experience in sensory evaluation of cheese 

products. The panel was asked to evaluate the coded 

samples of the five different types of cheese (all of the 

same batch) using a score from 1 to 7 on a numerical 

equal-interval scale assigned for each of the following 

attributes: appearance (color and surface holes), body 

and texture (hardness and crumbliness), elasticity, taste 

(flavor and saltiness) and total impression. Preference 

scale (very undesirable, undesirable, a little undesirable, 
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neutral, a little desirable, desirable and very desirable) 

was used for scoring total impression. Panel members 

were also instructed to report any defects of sensory 

characteristics for the cheese samples (e.g. bitter, rancid, 

spicy flavor, mottled appearance). Cheese samples were 

tempered by holding at ambient temperature (20  5C) 

and then presented to the panelists in a random order for 

testing.  

Statistical analysis 

Statistical analysis was performed by Minitab
®

 

16 (MINITAB Inc., State College, PA, USA), using the 

general linear model (GLM) and Tukey’s test for pair 

wise comparison in analysis of variance. 

The factorial design was made with three 

factors for chemical analysis, Replicate batches (3 

levels), cheese treatment (5 levels) and ripening time (5 

levels), whereas for sensory analysis was two factors: 

Replicate batches (3 levels), cheese treatment (5 levels). 

Each of the combined factors had two replication for the 

chemical parameters and five replications as five 

panelists for sensory evaluation. 

 

RESULTS AND DISCUSSION 
 

The chemical composition and titratable acidity 

(TA) of cheese milk is presented in Table (1). 

 

Table 1. Chemical composition and titratable acidity 

(TA, %  as lactic acid) of milk used in the 

manufacture of Ras-cheeses 
 Full-fat milk reduced-fat milk 

Fat % 3.35 ± 0.15 1.65 ± 0.06 

Protein % 3.32 ± 0.10 3.41 ± 0.14 

Total solids % 12.27 ± 0.28 10.17 ± 0.19 

TA% 0.17 ± 0.02 0.17 ± 0.01 

Values are means of double measurements of 3 batches ± standard 
deviation.   

 

Chemical and physicochemical properties of Ras 

cheese 

Table (2) is showing chemical composition of 

Ras cheese when fresh and during 90 days of ripening. 

As can be noticed, moisture of reduced fat cheese 

control (LF) was increased significantly (P<0.05) with 

the addition of 0.5&1% buttermilk (BM) and L. 

helveticus (LH). In other studies, addition of buttermilk 

was associated with reduction of dry matter of the final 

low fat Norvegia (Skeie et al., 2013) and low fat 

cheddar cheeses (Romeih et al., 2012). The reduced fat 

cheese made with the addition of LH without BM did 

not show similar significant (P>0.05) increase in 

moisture content. Generally, Moisture content of all 

cheeses was reduced significantly (P<0.05) all over the 

ripening period (Table 2). Similarly, Abdel Baky et al. 

(1986) found that L. helveticus did not show any 

significant effect on the moisture content of the resultant 

Ras cheese. 

There was no significant effect (P>0.05) of all 

treatments on the fat content when compared with LF 

cheese (Table 2). When fat was calculated as a ratio to 

the dry matter (F/DM), buttermilk treatments (0.5 &1 % 

with the addition of LH) showed a significant increase 

(P<0.05) in F/DM values compared with the LF cheese. 

Both fat and F/DM contents increased significantly 

(P<0.05) during ripening period. Similarly, Abdel Baky 

et al. (1986) found that L. helveticus did not show any 

significant effect on the fat content of the resultant 

cheese. 

Table (2) is showing the results of total nitrogen 

(TN). It can be noticed that only the reduced fat 

treatment that containing 1% BM and LH was having a 

significant higher TN content (P<0.05) when compared 

to the LF cheese. The TN content was increased 

gradually during storage period (P<0.05). 

The salt content of all cheeses are presented in 

Table (2). Addition of BM (with LH) was associated 

with a decreased salt content (P<0.05). Similarly, the 

addition of BM was showing the same trend when the 

ratio of salt to moisture (SM %) was calculated. 

Addition of BM (0.5 & 1%) and LH showed a 

significant decrease (P<0.05) in both salt content and 

SM% during ripening period. These results are in line 

with those found by Abdel Baky et al. (1986) who 

found that L. helveticus did not show any significant 

effect on the salt content of the resultant cheese. 

  

Table 2. Effect of cheese treatment and ripening time 

on gross composition of Ras-cheeses, as 

indicated by General Linear Model 

analysis. 

Factors  
Moisture 

% 
Fat 

% 

*
F/DM 

% 

TN 

% 

Salt 

% 

SM 

% 

 FF 37.0
D
 31.2

A
 49.5

A
 3.7

C
 1.3

AB
 3.5

A
 

Cheese 
treatment 

(n = 15) 

LF 38.1
C
 

17.2B

C 
27.7

D
 3.8

B
 1.3

A
 3.6

A
 

LF-LH 37.5
CD

 17.5
B
 27.9

D
 3.9

AB
 1.3

AB
 3.5

A
 

LF-0.5%BM-LH 40.7
B
 17.1

C
 28.6

C
 3.8

A B
 1.2

BC
 3.0

B
 

 LF-1%BM-LH 41.7
A
 17.0

C
 29.3

B
 3.9

A
 1.2

C
 2.8

C
 

        
SE  0.702 0.264 0.231 0.061 0.088 0.166 

        
Ripening 

time 
(n = 15) 

Fresh 42.4
A
 18.3

E
 31.6

E
 3.6

E
 1.1

C
 2.6

E
 

15 d 41.0
B
 19.2

D
 32.3

D
 3.7

D
 1.2

C
 2.8

D
 

30 d 39.4
C
 19.9

C
 32.7

C
 3.8

C
 1.2

C
 3.2

C
 

 60 d 37.0
D
 20.9

B
 33.0

B
 3.9

B
 1.3

B
 3.7

B
 

 90 d 35.2
E
 21.7

A
 33.4

A
 4.1

A
 1.5

A
 4.2

A
 

        
SE  0.507 1.50 2.264 0.022 0.024 0.084 

SE: Standard Error 
*
Abbreviations are as follows: F/DM- fat in dry matter basis, TN-

total nitrogen, SM-salt in moisture basis. 
Means with different superscripts in the same column are 
significantly different (P<0.05). 

Values are means of n=15 determinations. 
FF: full fat control, LF: reduced fat control, LF-LH: reduced fat 

with addition of LH, LF-0.5%BM-LH: reduced fat with 

addition of LH and 0.5% BM, LF-1%BM-LH: reduced fat 
with addition of LH and 1% BM. 

 

The percentages of titratable acidity (TA %) of 

Ras cheese treatments are illustrated in Fig. (1). The 

TA% of all cheese treatments was increasing during 

ripening period. It can be noticed that the TA% of both 

full fat control cheese (FF) and LF was showing a 

similar trend during ripening. The TA% was tended to 

be higher than that of control cheeses by the addition of 

either LH or LH+BM (0.5 & 1%).At the end of storage, 

the TA% of Ras cheese that contains LH+BM (0.5 & 
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1%) was showing the highest values (1.79 and 1.82, 

respectively, P<0.05 vs LF). Similar effect of LH on the 

TA% of the resultant cheese was reported earlier by 

Kebary et al. (1996).The chemical composition and 

TA% of all cheese treatments in the present study when 

fresh and during ripening were in agreement with those 

reported earlier for Ras cheese (Awad et al., 2007; 

Abou-Donia, 2002; Awad et al., 2003; Kebary et al., 

1996). 

 
]Fig. (1). Effect of L. helveticus (LH) and buttermilk 

powder (BM) on titratable acidity (TA % ) 

of Ras cheese treatments during ripening. 

Water-soluble nitrogen (%  of TN) of Ras cheese 

during ripening: 

Water-soluble nitrogen (WSN) as a percentage of 

total nitrogen (TN) is presented in Fig. (2). Due to the 

fact that WSN is an indicator of proteolysis in cheese, it 

increased in all Ras cheese treatments during ripening 

period. It is obvious from Fig. (2) that cheese treatments 

containing LH+BM (0.5 and 1%) were showing the 

highest WSN% when compared to the LF control (59 

and 77% increase vs LF, respectively, P<0.05). 

Although the WSN of LH treatment did not differ 

significantly from that of LF, it showed an increase 

tendency (P>0.05). All of these results indicated more 

proteolysis in Ras cheese with the addition of BM. This 

could be due to the lower SM% in cheese made with the 

addition of 1% BM which did not suppress activity of 

proteolytic enzymes (Kebary et al., 1996). Moreover,  

addition of L. Helveticusto Ras cheese was associated 

with a significant increase (P<0.05) in the formation of 

water soluble nitrogen of the resultant cheese that could 

be due to the ability of LH culture to produce more 

peptidases and proteinases(Abdel Baky et al., 1986). 

 

 
 
Fig. 2.Effect of L. helveticus (LH) and buttermilk 

powder (BM) on water-soluble nitrogen (as %  

of TN) of Ras cheese treatments during 

ripening. 

Reverse-phase HPLC profile of the water-soluble 

fraction 

RP-HPLC Chromatograms of the water soluble 

extracts of five Ras cheese treatments at 90 d are shown 

in Fig. 3.Three major peaks with retention time of 10-25 

min were presented in all cheese treatments. According 

to their retention times, these peaks contain hydrophilic 

peptides. There was small difference of the 

concentration of peptides in the major peaks 

between FF-control and LF-control cheeses. The 

concentration of peptides in the major peaks  was 

enhanced with the addition of L. helveticus to LF- 

Control cheese due to the proteolytic activity of LH 

strain (Luoma et al., 2001). Ong and Shah (2008) 

reported that addition of L. acidophilus L10 and L. 

helveticus H100 as adjunct culture to Cheddar cheese 

improved the proteolytic activity. The peptide 

concentration of the major peaks for LF-0.5%BM-LH 

and LF-1%BM-LH treatments were higher than those in 

the other treatments. In addition, there was a new peak 

appeared in LF-1%BM-LH profile with retention time 

25 min. This result can be explained by the addition of 

BM that enhanced the proteolytic activity in LF-LH 

cheese by holding moisture in the matrix of cheese 

(Table 2). This result is in agreement with 

Govindasamy-Lucey et al., (2006) who found that using 

buttermilk in manufacture of pizza cheese enhanced the 

proteolysis properties. 

 

Fig.3. Reverse-phase HPLC profile of the water- 

soluble fraction of Ras-cheese treatments after 90 

days of ripening. 
 

Sensory evaluation of Ras cheese: 

 The sensory attributes of Ras cheeses are 

shown in Table (3). It is obvious that the addition of 

either LH alone or combined with 0.5 or 1% BM 

improved sensory attributes of the resultant cheeses 

when compared with LF control cheese. The addition of 

LH+BM (1%) showed body & texture and elasticity that 

were similar to that of FF control (p>0.05) as shown in 

Table (3). In addition, the same treatment showed 

values of appearance and taste that were very near to 

those of FF control. These results revealed that addition 

of 1% BM and using LH as starter bacteria could 

improve the sensory properties of reduced fat Ras 

cheese. Presence of LH that increased WSN in cheese 

could improve formation of flavor in reduced fat cheese. 

These results are in accordance with those found by 

(Awad et al., 2007; Abou-Donia, 2002; Awad et al., 

2003; Kebary et al., 1996). In this context, Romeih et al 
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(2012) reported that addition of BM improved sensory 

attributes of low fat cheddar cheese through softening of 

texture and reduction of hardness of the resultant 

cheese. Similarly, the texture of low fat Norvegia cheese 

was improved by supplementation with buttermilk 

(Skeie et al., 2013). Some investigators suggested that 

nitrogenous compounds (like free amino acids) could be 

converted through specific metabolic pathway into 

volatile fatty acids that work as a flavor precursor 

(Abdel Baky et al., 1986). 

 

Table 3. Sensory attributes ratings (scores 1 to 7) of the 90-d ripened Ras-cheeses as indicated by General 

Linear Model analysis. 

Factors 
 

Appearance Body & Texture Elasticity Taste 
Overall 

impression 

 FF 6.33A 4.67A 5.67A 6.33A 6.33A 
Cheese  treatment 

(n = 15) 

LF 3.67B 2.33B 3.00C 3.33C 3.33D 

LF-LH 4.33B 2.66B 3.67B 4.00C 4.00C 

LF-0.5%BM-LH 5.67A 4.33A 5.33A 5.00B 5.67B 

 LF-1%BM-LH 6.00A 4.67A 5.67A 5.33B 6.00A B 

       
SE  0.607 0.513 0.459 0.562 0.397 

SE: Standard Error 
Means with different superscripts in the same column are significantly different ( P<0.05). 

Values are means of n=15 determinations.  

FF: full fat control, LF: reduced fat control, LF-LH: reduced fat with addition of LH, LF-0.5%BM-LH: reduced fat with addition of LH 
and 0.5% BM, LF-1%BM-LH: reduced fat with addition of LH and 1% BM. 

 

Microstructure of Ras cheese 

The SEM micrographs of the reduced-fat Ras 

cheeses ripened for 90 d are shown in Fig. 4. The 

protein matrix (gray area) formed a continuous phase 

permeated by an amorphous system of voids (black 

areas), and spherical fat globules made the spatial 

dimensions of these images. As these micrographs 

show, an obvious variation in the cheese microstructure 

was obtained between full-fat and reduced-fat Ras 

cheeses as control treatments without addition of L. 

helveticus and/or BMP. An extremely porous, open and 

coarse structure was obtained in reduced-fat Ras cheese 

(Fig. 4B), whereas a continuous phase of protein 

aggregate network characterized by a more compacted 

and dense structure accompanied by less voids was 

revealed in the full-fat Ras cheese where the spherical 

fat globules of different sizes (pointed with white 

arrows) were obviously dispersed and scattered 

throughout the protein matrices. This result is in parallel 

with that of Lobato-Calleros, et al. (2007) and Liu et al. 

(2008). 

As it might be seen in Fig. 4C, the protein 

network appeared to be made up from rather densely 

aggregated protein particles where the adjunct 

lactobacilli rods (pointed with black arrows) were 

embedded and dispersed uniformly throughout the 

protein matrix. Despite the fact that uniform protein 

content was achieved in reduced-fat cheese treatments 

(Table 1), cheeses with addition of BMP and/or L. 

helveticus characterised by a compact fusion and a 

dense structure. The higher cheese acidity obtained in 

LF-LH, LF-0.5%BMP-LH and LF-1%BMP-LH cheeses 

(Fig. 1) as a function of adjunct lactobacilli addition 

may contribute to the induced protein aggregation and 

compacted structure of these reduced-fat Ras cheeses. In 

this context, Ong et al. (2012) stated that the 

microstructure of curd made at lower pH had a denser 

and more compact structure than the microstructure 

observed in samples at a higher pH, and that the protein 

micelles has different rate and altered mechanism of 

aggregation as a result of acidity changes. 

The manifested microstructure in Fig. 4D and 4E 

clearly revealed that addition of BMP to reduced-fat 

cheese treatments promoted regularly aggregated 

protein matrices and interconnectivity of the network 

accompanied by irregularly clustered protein folds. The 

relatively high levels of fused proteins and the increased 

agglomerated clusters obtained by addition of BMP 

were most probably attributed to its high levels of milk 

fat globule membrane components (MFGM) 

components as well as total protein content (Table 2). 

This finding is in agreement with those of Lopez et al. 

(2007) and Romeih et al. (2012). Morin et al. (2008) 

reported that MFGM fragments may physically be 

entrapped within the paracasein network, which in turn 

could induce direct interactions with casein by folding 

casein micelles inside reconstituted aggregates. 

Moreover, it has been reported that MFGM fragments 

could induce direct physical and chemical interactions 

with casein (CN) by folding CN micelles inside 

reconstituted aggregates (Ong et al., 2010). A closer 

observation of the microstructure details in these 

micrographs revealed that the impact of BMP on Ras 

cheese microstructure characteristics was more 

pronounced and further intensified by increasing BMP 

addition as illustrated in SEM micrographs of LF-

1%BMP-LH compared to LF-0.5%BMP-LH treatments 

(Fig. 4E and 4D, respectively). This trend of result is in 

close agreement with the result of Mistry et al. (1996) 

for reduced-fat cheddar cheese made with ultrafiltered 

sweet buttermilk. 
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g

. 4. Scanning electron micrographs (1500 x) of Ras -cheese treatment; (A) full-fat control cheese, (B) reduced-
fat control cheese, (C) reduced-fat + L. helveticuscheese, (D) reduced-fat + BM 0.5%  + L. helveticuscheese and 

(E) reduced-fat + BM 1%  + L. helveticuscheese. Scale bar is 10 µm. 
 
 

CONCLUSION 

 
 

The present study was conducted to improve 

both flavor and texture of reduced fat Ras cheese (a 

common Egyptian hard cheese). Addition of L. 

helveticus as adjunct culture improved proteolysis,  

 

which in turn improved flavor of the final reduced fat 

Ras cheese. Addition of buttermilk resulted in more 

softer Ras cheese texture. The obtained results revealed 

that reduced fat Ras cheese could be produced by 

addition of 1% buttermilk in the presence of L. 

helveticus as adjunct culture with improved quality 
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characteristics that are so close to those of full fat Ras 

cheese.  
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 واللبي الخض الوجفف علي جىدة الجبي الراس هنخفض الذسن L. helveticusتأثير استخذام 

 ايهاب روهيح و، عصام هحوذ حوذ  هحوىد عبذ الحويذ
 جاهعت القاهرة –كليت الزراعت  –قسن الألباى 

 

عيي  ذْاٗه اىجثِ ٍْخفط اىذسٌ. ٗيؤدي خفط اىذِٕ إىي ظٖ٘س عي٘ب في في الاّٗح الاخيشج صاداقثاه اىَسرٖينيِ 
 05اىجثِ ٗيقيو ٍِ قاتييرٔ ىلاسرٖلاك. ٗقذ صََد ٕزٓ اىذساسح تٖذف ذحسيِ ّنٖح ٗق٘اً اىجثِ اىشأس ٍْخفط اىذِٕ )خفط 

خفط اىذسٌ  تئسرخذاً .  ذٌ ذصْيع جثِ ساس ٍْٗاىيثِ اىخط اىَجفف LH )  )L. helveticus%( ٗرىل تاسرخذاً تنرشيا
LH  ،LH  +5.0  ، ىثِ خط ٍجفف %LH  +1 ىثِ خط ٍجفف. مَا ذٌ ذصْيع جثِ سأس ماٍو اىذسٌ ٗجثِ سأس %

ٍْخفط اىذسٌ ىيَقاسّح )مّ٘رشٗه(. ذٌ ذقذيش اىخ٘اص اىنيَيائيح ٗاىطثيعيح اىنيَيائيح  ٗدلائو اىرحيو اىثشٗذيْي في مو 

% ادخ اىي صيادج 1% ٗ  5.0يً٘ ٍِ اىرس٘يح. ٗقذ أظٖشخ اىْرائج أُ اظافح اىيثِ اىخط تْسثح  05يي ٍذاس اىَعاٍلاخ ع
ٍعْ٘يح  في ٍحر٘ي اىشط٘تح تاىجثِ ٗاّخفاض ٍعْ٘ي في ٍحر٘ي اىَيح/ىيشط٘تح ٍقاسّح تاىجثِ اىنْرشٗه ٍْخفط اىذِٕ ٍَا 

ٗتاىراىي ذحسِ ق٘اً ّٗنٖح اىجثِ ىٖزٓ اىَعاٍلاخ.ٗماُ اىرأثيش امثش أدي إىي ذحسِ ٍعذه اىرحيو اىثشٗذيْي في ٕزٓ اىَعاٍلاخ 
ً في حاىح اظافح  % ىثِ خط ٍجفف. اظٖشخ ّرائج اىَينشٗسن٘ب الاىنرشّٗي أُ إظافح اىيثِ اىخط اىَجفف أدخ 1ٗظ٘حا

ة اىثْائي. ٗقذ اشاساخ  اىي ظٖ٘س ذشمية تْائي دقيق أمثش ذَاسنا ٗمثافح ٍع ظٖ٘س ذنرلاخ تشٗذيْيح ٍْذٍجح في ٕزا اىرشمي

ٍع اظافح اىيثِ اىخط يَنِ اُ ذحسِ  ٍِ قث٘ه اىجثِ اىشاس ٍْخفط اىذسٌ ىذي  LHّرائج اىرقييٌ اىحسي اُ اسرخذاً 
 اىَسرٖينيِ.


