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ABSTRACT
Classical techniques used to improve milk’s shelf life and safety are based on heat treatments, like pasteurization 

and sterilization. Those techniques modify some physic-chemical properties of milk, for example its coagulation by 
rennet. Microfiltration constitutes an alternative to heat treatment to reduce the presence of bacteria and improve the
microbiological safety of dairy products without modifying the physic-chemical properties of milk. In this study, the 
effect of microfiltration (MF) and pasteurization on proteolysis, lipolysis and flavor development in Ras cheese dur-
ing 4 months of ripening were studied. Mixtures of adjunct cultures, isolated from artisanal dairy products, have been 
also evaluated in experimental Ras cheese for flavor development. In the first trial, raw skim milk was microfiltered
and then the protein/ fat ratio was standardized using pasteurized cream. The pasteurized milk with same protein/ fat 
ratio was also used in the second trial. Milk treatment “microfiltration or pasteurization” affect in the cheese making
procedure for amount of added chymosin and cooking time. The chemical composition of cheeses seems to be affected 
by milk treatment “microfiltration or pasteurization” rather than the culture types. The moisture content was higher
and the pH was lower in pasteurized milk cheeses than in microfiltrated milk cheeses at day one of manufacture.
Proteolysis and lipolysis during cheese ripening were lower in microfiltrated milk cheeses comparing to pasteurized
milk cheeses. Very significant variations in free amino acids, free fatty acids and sensory evaluation have been found
among the cultures used in Ras cheesemaking. In general, microfiltrated milk cheeses received higher score in body
& texture and lower score in flavor comparing with pasteurized milk cheeses.  
Key words: Ras cheese, microfiltration, pasteurization, proteolysis

INTRODUCTION
Before heat treatment was introduced, milk 

was a source of infection, as it is a perfect growth 
medium for microorganisms. Diseases such as tu-
berculosis and typhus were sometimes spread by 
milk. Fortunately, all common pathogenic organ-
isms likely to occur in milk are killed by relatively 
mild heat treatment, which has only a very slight 
effect on the physical and chemical properties of 
milk. The most resistant organism is thermoduric 
bacteria, which can survive pasteurization con-
ditions, and spore formers, which produce the 
heat- and desiccation-resistant structures known as 
spores (Bramley & McKinnon 1990). 

Membrane filtration processes are not new in
the cheese industry. Ultrafiltration of milk prior
to cheesemaking has been widely used (Cheryan, 
1998). It markedly increases cheese yield by re-
taining whey proteins in the cheese but it has been 
shown to cause textural and flavor defects in Ched-
dar and Mozzarella cheeses (Jameson  and Lelievre 
1996), largely due to the retention of whey proteins 
(Bech, 1993). On the other hand, microfiltration

(MF) of skim milk prior to cheesemaking offers 
the advantage that milk serum proteins permeate 
the membrane and hence they are not retained in 
the cheese,  but the MF is not expected to increase 
cheese yield (Papadatos et al., 2003).

Microfiltration is the passage of product un-
der relatively low pressure (approximately 1 bar) 
through a semipermeable membrane with pore 
sizes ranging from 0.2 to 5 μm (Olesen & Jensen 
1989). As bacteria generally range from 1 to 3 μm, 
under some circumstances MF should be able to 
completely remove bacteria from the fluid perme-
ate. MF might provide a lower temperature option, 
and thus, a less pronounced cooked flavor than
pasteurize processing for extended shelf-life dairy 
products and no calcium chloride should be added 
in MF milk for cheese making.

Microfiltration has been shown to be effective
in reducing the number of bacteria in skim milk 
(Kelly & Tuohy 1997). Reduction in total bacteria 
of 2.8 logs (Hoffmann et al., 1996) has been report-
ed for the Bactocatch MF process. Microfiltration
utilizing a 1.4-µm membrane provides complete 
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removal of somatic cells from skim milk (Giffel & 
van der Horst 2004). Olesen & Jensen (1989) found 
that the initial content of Bacillus cereus spores 
in milk had a significant effect on the content of
spores in the microfiltered milk.

McSweeney et al. (1993) found no differences 
between Cheddar cheese made from pasteurized or 
microfiltered milk. However, Beuvier et al. (1997) 
concluded that microfiltration reduced the total
amount of bacteria more effectively than pasteuri-
zation and those facultative heterofermentative 
lactobacilli grew slower in cheese from pasteur-
ized milk. The observed sensory differences in the 
cheeses were attributable to the various treatments. 
Skeie & Ardo (2000) showed that cheeses made 
from raw, pasteurized and microfiltered milk influ-
enced the profiles of free amino acids in a Gouda
type cheese.

Since microfiltration reduces microorgan-
isms more effectively than pasteurization (Kelly & 
Tuohy 1997), the lactobacilli associated with good 
quality cheese would probably be removed also. 
Adjunct cultures are nonstarter lactic acid bacteria, 
consisting mainly of lactobacilli, which are used in 
addition to a standard starter to improve and to en-
hance the flavor of cheese (El Soda et al., 2000).  
Non-starter lactic acid bacteria (NSLAB) have 
been isolated from traditional Egyptian dairy prod-
ucts (El-Soda et al., 2003), and the influence of the-
ses bacteria on the quality of Ras cheese has been 
investigated (Awad et al., 2007), among several 
species evaluated, Lactobacillus helveticus, Lacto-
bacillus paracasei subsp. paracasei, Lactobacillus 
delbrueckii subsp lactis and Enterococcus faecium 
were associated with good quality Ras cheese. The 
objective of the present study was to investigate the 
effect of milk treatment (pasteurization, microfil-
tration) and the addition different concentrations of 
adjunct culture on Ras cheese quality. The chemi-
cal composition, microbiological and biochemical 
changes during the cheese ripening were measured, 
in particular the interaction between biochemical 
changed during ripening and sensory evaluation.

MATERIALS AND METHODS
Starter cultures

 Commercial lactic culture (DVS R707, Chr. 
Hansen’s Lab., Denmark), contains Lactococcus 
lactis subsp lactis and Lactococcus lactis subsp 
cremoris.

Adjunct culture
Adjunct cultures of Lactobacillus delbrueckii 

subsp. lactis, Lactobacillus paracasei subsp. pa-
racasei, Lactobacillus curvatus, Lactobacillus 
rhamnosus, Lactobacillus helveticus and 3 strains 
of Enterococcus faecium were obtained from the 
collection of Faculty of Agriculture, Alexandria 
University (El-Soda et al., 2003). Enterococci 
strains were examined for haemolytic activity be-
fore using in cheese making. 

The adjunct cultures were grown and the cells 
were harvested and washed as described earlier 
(Awad et al., 2007). Two mixtures of adjunct cul-
ture isolated from Egyptian dairy products have 
been used in this study. The first mixture contains
Lactobacillus delbrueckii subsp. lactis, Lactoba-
cillus paracasei subsp. paracasei, Lactobacillus 
helveticus and 3 strains of Enterococcus faecium, 
while the second mixture contains Lactobacillus 
delbrueckii subsp. lactis, Lactobacillus paracasei 
subsp. paracasei, Lactobacillus curvatus, Lacto-
bacillus rhamnosus, and 2 strains of Enterococcus 
faecium. The two mixtures, which adjusted to 1 OD 
in phosphate buffer pH 7.0 (Awad et al., 2007), 
were used at levels of  0.5, 1, 2 ml/ kg milk,

Commercial adjunct culture (DVS, CR401, Chr. 
Hansen’s Laboratory, Denmark) contains Lactoba-
cillus delbrueckii subsp. lactis, Lactobacillus pa-
racasei subsp. paracasei, and  Lactobacillus helveti-
cus, was also used at level of 0.0275 g/ kg milk.

Milk
Raw whole cow and buffalo milk were obtained 

from the dairy farm at the Alexandria University. A 
mixture of 70:30 of raw cow and buffalo milk (fat: 
4.5 %; acidity: 0.16 - 0.17 % as lactic acid) was 
used in this study. Raw milk was skimmed (<0.05 
% fat) in mechanical separator (Alfa-Laval, Swe-
den).

Treatment of cheese milk
Heat pasteurization
The skim milk and cream were pasteurized us-

ing a high-temperature short-time technique in a 
tubular heat exchanger (Actini, France). The heat 
treatment employed was 74°C /15 s for skim milk 
and 78°C/15 s for cream, followed by quick cool-
ing to 35°C. Pasteurized skim milk was mixed with 
pasteurized cream to obtain closest initial level of 
milk fat (4.4–4.5 %). 
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Microfiltration
Raw skim milk was microfiltered using micro-

filtration unit (Alfa-Laval, Sweden) with a ceramic
membrane pore size of 1.4 μm, membrane area 0.2 
m2; flow rate 150 L/h−1 m−2, and temperature 50°C. 
Cold pasteurized skim milk (micro-filtered) was
mixed with pasteurized cream to obtain closest ini-
tial level of milk fat (4.4–4.5 %). 

Cheese making procedure
Three replicates of experimental Ras cheeses 

for each treatment were processed using compu-
ter-controlled cheese equipment (INRA, Poligny, 
France) equipped with four 11 L vats. Seven treat-
ments of  Ras cheeses were made from pasteur-
ized milk (Past) and other seven treatments from 
microfiltrated milk (MF). The four vats and these
treatments were rotated for each replication to re-
duce systemic errors. Calcium chloride solution 
was added at a rate of 0.2 g/kg of pasteurized milk 
just before adding the starter culture. Starter cul-
tures (DVS culture, R707,  0.15 g /Kg), different 
doses of freeze-shocked suspension of adjunct cul-
tures (0.5, 1, 2 mL/ Kg) were added individually to 
milk at 35˚C, while DVS adjunct culture CR 401 
was added at level of 0.0275 g/ Kg. The inoculated 
milk is held for 60-75 min at 35°C and then 15 ml 
of 2% rennet (Chymax-II 500: Chr. Hansen’s Lab., 
Denmark) was added to each vat of pasteurized 
milk to coagulate the milk in 30 min, while 11 ml 
of 2% rennet was added to each vat of MF milk. 
The coagulum was cut into cubes (`~ 2 cm) and 
the curds were allowed to rest in the whey for 5 
-10 min. The curds were cooked to 45°C over 50 
and 40 min of pasteurized and microfiltrated milk
respectively, and held at this temperature for 15 
more minutes. A part of the whey was drained off 
when its acidity reached to 0.14 % (as lactic acid 
w/v), and then salt was added (3% salt) and mixed 
for 15 min as described by Hofi, et al., 1970. The 
obtained curd was hooped and pressed at 66 Psi for 
4 h, and then the cheeses were turned and repressed 
at 120 Psi for 12 more h.  During the first month
of ripening, the second salting was performed as 
described earlier (Awad et al., 2007). When the salt 
in cheese reached to 3.5–4 %, the cheese surface 
was well washed and the Cheeses were waxed by 
quick immersion in the molten wax (Chr. Hansen’s 
Lab., Denmark) and lifted up to cool for 2 h before 

removal to the ripening room (12±2°C and 80±5% 
relative humidity). 

Cheese composition analysis
Total protein was measured by Kjeldahl 

(AOAC, 2000), Fat content by Gerber method 
(AOAC, 2000). A Corning flat surface combination
electrode was used to measure the pH on the well-
mixed ground cheese samples. The moisture content 
was determined using the moisture analyser (Mettler 
Toledo Model HR73). Salt content was determined 
using chloride meter (Jenway, England, UK).

Microbiological analysis
Cheese samples (10 g) were homogenized for 

4 min with 90 mL of a sterile 2% sodium citrate 
solution and serially diluted using sterile 0.05% 
peptone. Appropriate dilutions of milk and sodi-
um citrate solution of cheese were plated on Plate 
Count Agar (PCA) for enumeration the total mi-
crobial count at 32°C for 2 days, Violet Red Bile 
Agar (VRBA) for enumerating coliform bacteria 
at 37°C for 2 days, Potato Dextrose Agar (PDA) 
for the enumeration of yeasts and moulds at room 
temperature (20-25˚C) for 5 days and staphyloco-
cci 110 Medium for enumeration of staphylococci 
at 37°C for 2 days (Difco’s Manual 1985). 

Assessment of proteolysis and lipolysis
The water-soluble extract (WSE) was pre-

pared by the method development by Kuchroo & 
Fox (1982) and the free amino acids (FAA) were 
determined in WSE by to the Cd-ninhydrin method 
of Folkertsma & Fox (1992) and expressed as mM 
leucine equivalent in water-soluble extracts, using 
a standard curve. Free fatty acids (FFA) were de-
termined by the method of Deeth, et al. (1975) and 
expressed as mmol equivalent g-1 cheese fat.

Sensory evaluation
The earlier description (Awad et al., 2007) of 

sensory evaluation of Ras cheese was employed in 
this study. 

Statistical analysis
Data reported are the average of three measure-

ments. The SAS statistical analysis software pack-
age (SAS, 1999) was used for analysis of variance. 
Differences were considered significant at P<0.05.
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RESULTS AND DISCUSSION
Removal of bacteria with microfiltration
and pasteurization

Across 3 replicates, total bacterial counts of 
the raw skim milk were reduced from 150,000 cfu/
mL to 210 and 0.19 cfu/mL by pasteurization and 
microfiltration respectively (Table 1). Microfiltra-
tion achieved an average 5.18 log reductions and 
pasteurization of whole milk achieved an average 
2.85 log reduction (Table 1). The log reduction in 
bacterial count due to MF was comparable to that 
reported by Maubois (1997). Both coliforms and 
staphylococci were reduced by MF and pasteuriza-
tion to an undetectable level (Table 1). 

Cheese composition
Table (2) shows that the Ras cheeses made 

from pasteurized milk content more moisture than 

cheeses made from MF milk at day one of manu-
facture. The MF cheese milk had received a lower 
load of heat treatment than the pasteurized cheese 
milk. Minor protein denaturation resulting from 
pasteurization could explain the higher moisture in 
cheese from pasteurized milk. Similar results show-
ing the effect of pasteurization and microfiltration
of milk on the moisture content of cheese have also 
been reported by McSweeney et al. (1993), Skeie 
et al. (2001).

The moisture in all cheeses significantly de-
creased during ripening. Most of the moisture 
losses occurred during the first 30 days of ripening.
This could be attributed to the second stage of salt-
ing that took place during this period (Awad, 2006; 
Awad et al., 2007). All cultures used in this study 
had little or no impact on the moisture content of 
Ras cheese. The average moisture content of Ras 
cheeses at one day of manufacture is comparable 

Table 1: Microbiological analysis (CFU/ml) of skim milk before and after microfiltration and pas-
teurization

Milk Total count 
bacteria Colifom count ٍStaphylococcus  

spp Yeast Molds

Raw milk 1.5 × 105 3.3 × 103 8.1 × 102 2.2 × 103 ND
Pasteurized milk 2.1 x 102 ND ND ND ND
Microfiltrated milk 0.19 ND ND ND ND

CFU: colony forming unit     ND: not detected

Table 2: Mean chemical composition (%) of Ras cheese made from pasteurized (Past) and microfil-
tered (MF) milk at different ripening times

Moisture % Fat % Protein % Salt %
Ripening time (days)

Adjunct Culture Milk 1 60 120 1 60 120 1 60 120 1 60 120
Mixture 1: 0.5 ml/ Kg Past 44.5 33.1 31.8 31.0 37.5 39.5 16.5 22.0 23.5 3.0 3.7 4.0

MF 43.8 32.6 31.2 32.0 38.0 38.0 16.4 21.7 23.2 3.1 3.7 3.9
Mixture 1: 1 ml/ Kg Past 43.6 33.4 31.8 30.0 38.5 40.5 16.3 20.8 21.6 3.1 3.7 4.0

MF 43.3 33.5 30.9 31.0 39.0 41.0 16.1 20.3 21.3 3.0 3.9 4.1
Mixture 1: 2 ml/ Kg Past 43.9 33.7 32.2 30.5 38.0 41.0 16.5 20.0 21.7 3.0 3.5 4.1

MF 43.7 33.9 31.4 31.0 39.5 42.0 16.0 20.5 21.1 3.2 4.0 4.2
Mixture 2: 0.5 ml/ Kg Past 44.6 32.6 31.7 31.5 38.0 40.0 16.3 22.3 23.6 3.0 3.8 4.2

MF 43.3 32.4 30.7 32.0 38.0 38.5 16.5 21.7 22.8 3.0 3.6 4.0
Mixture 2: 1 ml/ Kg Past 44.5 33.8 32.4 30.5 38.5 40.5 16.1 20.5 21.1 3.0 3.8 4.2

MF 43.2 33.5 31.1 31.0 38.0 40.5 15.9 20.4 21.2 3.1 3.9 4.1
Mixture 2:2 ml/ Kg Past 44.8 33.5 32.6 31.0 39.0 41.0 16.3 20.7 21.8 3.0 3.7 4.1

MF 43.6 33.1 32.1 31.5 39.0 41.0 16.2 20.7 21.4 3.1 3.8 4.1
DVS: 0.0275 g/Kg Past 44.5 33.4 32.5 31.0 38.5 41.0 16.6 20.4 21.2 3.0 3.7 4.0

MF 43.8 33.2 31.1 31.4 38.8 41.2 16.8 20.5 21.4 3.1 3.8 4.2
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to that reported by Hofi, et al. (1970) and Awad et 
al. (2007). 

The fat and protein content in cheeses were 
found to be related to the moisture content in chees-
es during ripening. The protein and fat content on 
dry basis were not significantly different (P<0.05)
in all cheeses.  There is a gradual increase in salt 
content during the ripening period, similar results 
were also reported by Hofi, et al. (1970) and Awad 
(2006). 

The gross chemical composition of aged Ras 
cheese are in agreement with the composition of 
Market Ras cheese (Awad et al., 2003), and were 
within the legal limit for Ras cheese in Egypt 
(Egyptian standards for Ras cheese, 2001). 

Viability of total bacterial in cheese during 
ripening 

The total bacterial count is higher in pasteur-
ized milk cheeses than in MF milk cheeses through-
out the ripening period (Table 3). The higher bac-
terial count in pasteurized milk cheese is related 
to the microbial level of used milk and moisture 
content in cheese (Tables 1, 2). On the other hand, 
McSweeney et al. (1993) found higher counts of 
lactobacilli in Cheddar cheese made from pasteur-
ized milk than in cheese from MF milk. Counts of 

total bacteria are an indication of the normal course 
of ripening. Total bacterial count can have signifi-
cant effects on extent of proteolysis and sensory 
attributes. Coliform bacteria, staphylococci, Yeasts 
and Molds were not detected in all cheese samples 
during ripening.

A gradual decline in numbers of total count 
bacteria was seen during ripening in all cheeses, re-
sulting in about a 2.5-log reduction after 4 months. 
The results were in agreement with those reported 
by Awad et al. (2005), who found a decline in the 
viable counts of lactococci by 2 logs after 6 months 
of Cheddar cheese ripening. Midje et al. (2000) 
also reported that populations of starter cultures 
reached a maximum during Cheddar cheese manu-
facture and decreased thereafter. The reduction of 
total bacterial count during ripening was at higher 
rate in cheeses made from MF milk comparing to 
cheeses made from pasteurized milk (Table 3). The 
higher reduction rate of viable bacterial count in 
MF cheeses is may be related to low moisture con-
tent comparing to pasteurized milk cheeses.

Cheese pH during ripening 
The pH values of experimental cheeses deter-

mined during ripening are presented in Table (4). 
The pH values on day 1 of manufacture of cheeses 

Table 3: Bacterial populations and reduction of viability (log10 cfu/g) in Ras cheese made from pas-
teurized (Past) and microfiltered (MF) milk during ripening

Adjunct Culture Milk Viability of bacteria at different 
ripening time Reduction of viability

Ripening time (days)
1 60 120 60 120

Mixture 1: 0.5 ml/ Kg Past 7.32 7.00 4.88 0.32 2.45
MF 7.02 6.65 3.70 0.37 3.32

Mixture 1: 1 ml/ Kg Past 7.27 6.95 4.54 0.31 2.72
MF 6.98 6.60 4.31 0.38 2.68

Mixture 1: 2 ml/ Kg Past 7.37 7.18 5.00 0.19 2.37
MF 7.18 6.92 4.85 0.26 2.33

Mixture 2: 0.5 ml/ Kg Past 7.29 7.08 4.93 0.21 2.36
MF 7.02 6.73 4.30 0.29 2.72

Mixture 2: 1 ml/ Kg Past 7.18 7.01 5.04 0.16 2.13
MF 7.31 6.98 4.95 0.33 2.36

Mixture 2: 2 ml/ Kg Past 7.31 7.03 4.78 0.28 2.53
MF 7.06 6.70 4.40 0.36 2.66

DVS: 0.0275 g/Kg Past 7.28 6.85 4.48 0.43 2.80
MF 7.04 6.52 4.08 0.51 2.96
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made using MF milk are higher than that made us-
ing pasteurized milk. The lower pH values in pas-
teurized milk cheeses compared to MF cheeses 
are related to viable bacterial count and moisture 
content in cheeses (Tables 2, 3). The pH values of 
cheeses at first day of manufacture are dependent
on adjunct culture doses, as the pH value reduced 
with increasing culture doses.  There were no dif-
ferences among mixtures of adjunct cultures used 
in this study at similar levels. 

The lower pH found in cheeses from pasteur-
ized milk than in cheeses from MF milk is in ac-
cordance with the findings made by Beuvier et al. 
(1997). Skeie and Ardo (2000) reported that the to-
tal amounts of organic acids, especially lactic acid, 
were higher in cheeses made from pasteurized milk 
than that made from MF milk. 

During cheese ripening, starter and non starter 
lactic acid bacteria continue to produce acids and 
alkaline proteolytic products. pH can be a measure 
to observe the shifts in the balance between proteol-
ysis and acid production. The pH of all cheeses de-
creased (P<0.05) gradually throughout the ripening 
period. During the first week or two, starter bacteria
ferment the residual lactose and reduce pH (Choisy 

et al., 2000). At all ripening periods, cheeses made 
with 2ml/kg of cultures had significantly (P ≤ 0.05)
lower pH values than the rest of the treatments. Re-
ducing the pH value in cheeses during the ripening, 
especially in cheeses made from pasteurized milk, 
could be attributed to the continued production of 
lactic acid by live cells of lactobacilli that could 
survive much longer in cheese than lactococci, 
and/or the liberation of certain amino acids, such 
as aspartic and glutamic acids that could influence
cheese pH (Trepanier et al., 1992).

Proteolysis 
Amino acid release, expressed as mM leucine 

equivalent, in water-soluble extracts of experimen-
tal cheeses at different ripening stages is shown in 
Table (4). The free amino acids values are higher in 
cheeses made using pasteurized milk than in cheeses 
made using MF milk throughout the ripening period. 
These is related to some factors such as; high mois-
ture content, low pH values, high variable bacterial 
count and higher residual Chymosin activity, which 
is also related to high amount of rennet used for co-
agulation and high moisture content in pasteurized 
milk cheeses compared to UF milk cheeses. The free 
amino acids increased with increasing the amount 

Table 4:  Biochemical and organoleptic properties of experimental Ras cheese made from pasteur-
ized (Past) and microfiltered (MF) milk.

pH value  Free amino acids Free fatty acids Sensory evaluation 
at 120 days

Ripening time (days)

Adjunct Culture Milk 1 60 120 1 60 120 1 60 120 flavor Body & 
texture

Mixture 1; 0.5 ml/ Kg Past 5.22 5.05 5.01 1.20 2.50 4.80 1.90 3.50 6.20 83c 78c

MF 5.33 5.12 4.94 0.80 1.70 3.20 1.50 3.00 5.20 72f 84ab

Mixture 1; 1 ml/ Kg Past 5.12 5.02 4.94 1.50 2.90 5.20 2.50 4.10 6.80 88b 80bc

MF 5.16 5.04 4.96 1.30 2.20 4.50 1.90 3.30 5.60 75e 85a

Mixture 1; 2 ml/ Kg Past 5.07 5.01 4.92 1.80 3.10 5.90 2.80 5.40 7.40 92a 81b

MF 5.13 5.03 4.96 1.70 2.70 5.50 2.40 3.90 6.50 85c 87a

Mixture 2; 0.5 ml/ Kg Past 5.24 5.09 4.98 1.00 2.00 4.10 1.60 3.00 5.50 80d 79bc

MF 5.34 5.17 5.03 0.70 1.30 3.80 1.40 2.80 5.00 71f 82b

 Mixture 2; 1 ml/ Kg Past 5.11 5.06 4.99 1.20 2.50 4.70 2.00 3.50 6.00 85c 78c

MF 5.16 5.10 4.95 0.90 1.80 4.10 1.80 3.20 5.50 73f 86a

Mixture 2; 2 ml/ Kg Past 5.05 5.00 4.95 1.80 2.80 5.10 2.60 4.30 7.20 90a 82b

MF 5.12 5.05 4.92 1.20 2.30 4.80 2.10 3.70 6.20 83c 88a

DVS; 0.0275 g/Kg Past 5.22 5.13 5.07 1.10 2.40 4.70 2.00 3.80 6.10 87b 82b

MF 5.28 5.19 5.02 0.87 1.87 4.32 1.54 3.54 5.67 76e 85a

a,b,c,d,e,f, Means within a column with no common subscript are significantly different (P < 0.05).
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of added adjunct culture.  The free amino acids 
concentration was higher in cheeses made with ad-
junct cultures of 2ml/kg than in cheeses made with 
1ml/kg. Free Amino Acids concentration increased 
significantly (P<0.05) as ripening progressed in all
cheeses. The major contributors to the production 
of small peptides and FAA are probably the starter 
and non-starter bacterial enzymes (El Soda et al., 
2000). Differences were observed among the chees-
es made using different strains and doses of adjunct 
culture, indicating that the adjunct culture seems to 
be responsible for the production of the free amino 
acids in Ras cheese during ripening. The first mix-
ture of adjunct culture produced higher level of free 
amino acids than second mixture did. On the other 
hand, the both mixtures of adjunct cultures isolated 
from Egyptian dairy products produced more free 
amino acids during Ras cheese ripening than the 
DVS adjunct culture. These may be related to the 
DVS adjunct culture is not containing Enterococcus 
strains and the entercocci strains enhanced the free 
amino acid production in Ras cheese during ripen-
ing (Awad et al., 2007).

Lipolysis
The lipolysis in Ras cheese during ripening was 

measured in terms of total Free Fatty Acids (FFA) 
and expressed as mmol equivalent /g cheese fat. 
FFA increased gradually with increasing ripening 
time    (Table 4). Cheeses made from pasteurized 
milk showed higher acid values during ripening than 
cheeses made from MF milk. However, cheeses 
containing Mixture 1 of adjunct culture exhibited a 
higher acid value than did those with Mixture 2 and 
DVS cultures. High acid values in cheeses contain-
ing entercocci strains has been previously reported 
by Awad et al. (2007), and attributed to the release 
of intracellular esterases and lipases. 

Commonly, acid values follow the same trend 
as soluble nitrogen, suggesting that factors affect-
ing proteolysis may have similar impact on lipoly-
sis (Kebary et al., 1996). The higher values of free 
amino and free fatty acids were recorded in cheese 
made using pasteurized milk and 2ml/kg of adjunct 
culture Lactobacillus delbrueckii subsp. lactis, 
Lactobacillus paracasei subsp. paracasei, Lacto-
bacillus helveticus and 3 strains of Enterococcus 
faecium (Mixture 1). These results indicate that ad-
junct cultures contribute to lipolysis in cheese and 
higher lipolysis is found in pasteurized milk cheese 
than in MF cheeses. Increasing the rate of lipolysis 

with added adjunct during cheese ripening has been 
observed by other authors (El-Soda et al., 1992; 
Awad et al., 2007).

Organoleptic quality of cheese
The mean grades for flavor intensity and body

& texture acceptability of cheeses at 120 days of 
ripening are shown in Table 4. Generally, the pas-
teurized milk cheese received higher flavor inten-
sity scores than MF milk cheeses, but both aged 
cheeses were considered acceptable. The typical 
Ras cheese flavor was noticed in aged cheeses
made from pasteurized milk with added 2ml/kg of 
mixture1 adjunct culture. This might due to their 
relatively higher levels of free amino groups and 
free fatty acids. The concentrations of low molecu-
lar weight peptides and free amino acids have con-
siderable influence on the cheese flavor (El Soda,
1993; Awad, 2006). In addition, the concentration 
of free fatty acids, especially the short chain ones, 
is responsible for the characteristic cheese flavor
(Kanawjia et al., 1995).

At the 4 months evaluation, panelists detected 
differences (P < 0.05) in body and texture between 
pasteurized and MF milk cheeses (Table 4). The 
MF cheese received higher scores for overall body 
and texture than pasteurized milk cheeses. The 
main goal of this research was to produce high 
microbiological quality of Ras cheese with similar 
textural and flavor characteristics to its raw milk
counterpart. Because the MF milk contains no non-
starter lactic acid bacteria that gave the best results, 
traditional Ras cheese flavor did not develop. On
the other hand, pasteurization of milk reduced the 
body and texture of Ras cheese. These results indi-
cated that the proteinase and peptidases of starter 
and non-starter bacteria is very important for the 
production of small peptides and the accumula-
tion of amino acids in Ras cheese during ripening, 
similar results were reported by Awad et al., 2007. 
Therefore, to obtain a Ras cheese with typical fla-
vor and texture using MF milk, it will been consid-
erable interest in using defined strains of nonstarter
lactic acid bacteria as adjunct cultures to improve 
flavor development in MF milk cheese.
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