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ABSTRACT

The effects of Ras curd slurries in the manufacture of processed cheese on chemical, rheological and organoleptic
properties were studied. Curd slurries were incorporated to provide flavour of aged cheese. Seven Ras curd slurries
were prepared using lactic acid bacteria isolated from Egyptian dairy products. The pH, fat and protein contents were
not affected by replacing aged cheese with curd slurries. The moisture content was found to be playing a major role
in textural properties of processed cheeses. Consistency was found to be related to hardness. Sensory scores for tex-
ture and flavour of blending of young Ras cheese and cheese slurries prepared using Lb. salivarius 194KC, Lc. lactis
subsp. lactis 608N and Lb. salivarius 194KC & Lc. lactis subsp. lactis 64RM were higher than those of the blending
of aged/young Ras cheese. Cheese slurries could offer some advantages for processed cheese industries in Egypt,
low production costs, improving the consistency, diverse flavour range, extended shelf- life, low storage costs and

improved functionality.
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INTRODUCTION

Processed cheese is a generic term used to
describe 3 separate categories of cheese. These
categories are pasteurized processed cheese (PC),
pasteurized processed cheese food (PCF) and pas-
teurized processed cheese spread (PCS) (Code of
Federal Regulations, 2003). These categories dif-
fer on the basis of the requirements for minimum
fat content, dry matter basis and the maximum al-
lowed moisture content as well as the quality and
the number of optional ingredients that can be used.
The moisture content of a pasteurized processed
cheese food is not more than 44%, and the fat con-
tent is not less than 23%.

Processed cheese is manufactured by add-
ing water and emulsifying salt to shredded natural
cheese of different types and degrees of maturity,
followed by heating the blend under a partial vac-
uum with a constant agitation until a homogenous
mass is obtained. In addition to natural cheese, other
ingredients of both: dairy, (butter, cream, skimmed
milk powder, whey powder) and non dairy products
(ham, fish, vegetables, salt) origin may be included
in the blend (Piska & Stétina, 2004).

The addition of proper cheese is of utmost
importance for the successful production of proc-
essed cheese. Processed cheese has many unique

functional characteristics as compared to natural
cheese. These include metability, plasticity and
shelf-stability (Zehren & Nusbaum, 1992).

The processed cheese is made from blend-
ing of aged and young cheese. The production of
processed cheese in Egypt requires the consump-
tion of imported as well as local cheeses. The im-
ported cheeses are usually stored for long periods
of time which may diminish the quality of flavour
and texture. Normally, imported and local cheeses
require 3 to 12 months in the maturation to pro-
duce desired physicochemical and organoleptic
properties. Several efforts have been made to ac-
celerate the processed of cheese ripening. The cost
of cheese ripening is quite high, for example, the
ageing time of Cheddar cheese adds significantly
to product costs, ranging from 1.5% to 3.0% per
month (EI-Soda, 2002). Nowadays, cheese making
involves high capital investment and the running
costs and interest charges involved in cheese stor-
age represent a significant proportion of the total
costs. The economic advantage of rapid develop-
ment of more intense cheese flavour in shorter pe-
riods of time would be substantial. Acceleration of
cheese ripening can also be a means for increas-
ing the production of cheese in developing coun-
tries where investment in storage facilities can be
a limiting factor (Kilcawley et al., 1998). Rapid
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production of cheese flavour can also contribute in
lowering the price of processed cheese through the
incorporation of cheese slurries in the mixing blend
for processed cheese (Fox ef al., 2004).

Curing the homogenous slurry of unpressed
curd is an attempt to accelerate the ripening of
cheese. Slurry would have advantages over nor-
mally ripened cheese including acceptable fla-
vour and texture analogous to the typical ripened
cheese (Kilcawley et al., 2000). Raising the pro-
teolysis of cheese leads to have processed cheese
more meltable and softer (Awad et al., 2006a, b).
Processed cheese products offer many advantages
as compared to natural cheese especially in devel-
oping countries, reducing the need for refrigeration
storage which makes processed cheese easier for
manufacturing and storage in countries with poor
refrigeration systems. Providing cheese with better
keeping quality is a great advantage in developing
countries where the production of natural cheeses
can be a hazard (Kilcawley et al., 2000).

The blend of young cheese and the appropri-
ate cheese slurry produces a high-quality economi-
cal processed cheese with appropriate performance
characteristics and flavour. The objective of this
study is the evaluation of some lactic acid bacte-
ria isolated from Egyptian dairy products in cheese
slurry to replace the aged cheese in the manufacture
of processed cheese for reducing the production
cost with maintaining good quality of the product.

MATERIALS AND METHODS

Cultures

Lactococcus lactis 64 RM & 608N, Entero-
coccus faecium174RM & 151D, Lactobacillus sal-
ivarius 194KC and Lactobacillus rhamnosus S6R
were isolated from different dairy products and

identified in the Laboratory of the Biochemistry of
Dairy Microorganisms, Department of Dairy Sci-
ence and Technology at the Faculty of Agriculture,
Alexandria University ( Table 1).

Lactococcus lactis 64 RM & 608N, Entero-
coccus 174RM & 151D were cultivated in M17
medium, while Lactobacillus 194KC & 56R were
grown in MRS medium. The optimum temperature
for Lactococcus strains is 30°C, while for the re-
maining tested strains is 42°C.

Cells were harvested at early stationary phase
by centrifugation at 10000 Xg for 20 min at 4°C. The
pellets were then washed twice with 0.01M potas-
sium phosphate buffer pH 7.0 and stored at -20°C.

Ingredients

Young Ras cheese (2 months) and old Ras
cheese (8 months) were obtained from the Dairy
pilot plant at the Department of Dairy Science and
Technology, Faculty of Agriculture, Alexandria Uni-
versity. Emulsifying salts (disodium phosphate and
citric acid) were obtained from El Gomhouria Co,
Alexandria, butter oil (Fern, Newzeland), skimmed
milk powder (Grino, Interfood, Holland). The com-
position of ingredients is shown in Table (2).

Preparation of processed cheese

Seven single strains or mixtures of two strains
of Lactic Acid Bacteria (LAB) isolated from Egyp-
tian Dairy products were employed in Ras cheese
slurries as described earlier (El-Attar, 2006). Table
(1) shows the strains and its mixtures used in prepa-
ration the cheese slurries and their isolated sources.

The ingredient amounts to produce 5 kg of pas-
teurized processed cheese food were as follow: 2.5
Kg of young Ras cheese, 600g of skimmed milk
powder, 700g of butter oil (Fern, Newzeland), 100
g of ripened Ras cheese curd slurry, 500 ml water,

Table 1: The cultures used in preparation the cheese slurries

Slurry culture

Isolated source Treatment number

Control

Ent. faecium 174RM

Ent. faecium 151D

Lb. salivarius 194KC

Lec. lactis sub sp. lactis 608N

Lc. lactis sub sp. lactis 64ARM

Lb. salivarius 194KC & Lc. lactis sub sp. lactis 64RM
Lb. rhamnosus 56R & Lc. lactis sub sp. lactis 608N

1

Milk 2
Domiati cheese 3
Karish cheese 4
Yogurt 5
Cow milk 6

7

8
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Table 2: Chemical composition of ingredients
used for processed Ras cheese making

Fat  Moisture Salt

Ingredients (%) (%) (%)
Young Ras cheese 29 41.3 3.7
Old Ras cheese 37 32.1 39
Ripened Ras cheese slurry 23.8  40.44 3.5
Butter oil 99 0 0
Emulsifier 0 20 80
Skimmed milk powder 4 4 0
Added water 0 100 0

120g of emulsifying salt (disodium phosphate) and
about 10 g of citric acid for adjusting the pH to =
5.6. Since the moisture present in any cheese is not
sufficient, it is necessary to add water to the reactive
mixture in order to dissolve the emulsifying salt and
achieve a good dispersion and complete emulsifica-
tion. For that reason, 500 ml of water were added.
Also about 500 ml water were condensed from the
steam. The control processed cheese was prepared
by blending 1.35 Kg aged Ras cheese and 1.25 Kg
young Ras cheese with the remaining ingredients
without adding Ras cheese curd slurry (100 g). The
blend was placed in laboratory style processing ket-
tle. The ingredients were mixed for about 30 seconds
and cooked at 80°C for 3 min using direct steam in-
jection. The processed cheese food was manually
filled in jars 500 g capacity, and turned upside-down
to decrease the microbial growing by reducing the
air content. Each blend of processed cheese was rap-
idly cooled and stored at 10°C/7days, two replicates
were made for each batch.

Chemical analysis

Processed cheese samples were analyzed for
fat and protein contents according to the AOAC,
(1984). The moisture content was determined us-
ing the moisture analyzer, (Mettler Toledo Model
HR73, Switzerland) and pH was measured on the
well mixed ground cheese samples by using a glass
electrode (pH model 3900-010, Precisa, Switzer-
land). Salt content was determined using chloride
meter (Jenway, England, UK).

Rheological analysis

Cheese samples were cut into cubes, each 5
cm? and kept at 15°C/12hrs before analysis. Rheo-
logical tests of processed cheese food were carried
out by Texture Analyser (CNS-Farnell, England).
The probe was TA 15 (45° and 30 mm diameter),

at speed of Imm/sec and 10 mm distance, using
cycle or hold programs. Hardness, consistency, co-
hesiveness, springiness, fracturability, gumminess,
modulus, adhesiveness and relaxation % were cal-
culated as described by Szczesniak et al. (1963)
and Bourne (1978).

Sensory evaluation

Processed cheese samples were organolepti-
cally evaluated according to Ayad ef al. (2004) by
a panel consisting of 13 persons, including staff
members, assistants and students at the Department
of Dairy Science and Technology, Faculty of Ag-
riculture, University of Alexandria. The panelists
judged the processed cheeses according to the fol-
lowing points: flavour (out of 50), texture (out of
40) and section and colour (out of 10). A list con-
taining the acceptable description of flavour, tex-
ture, section and colour of cheese was present to
aid the panelists in carrying out the sensory evalu-
ation. Furthermore, each tested processed cheese
was given an overall grade out of 100 and whether
each sample was typical processed cheese or not.

Statistical Analysis

Data reported are the average of 3 measure-
ments per replicate. The GLM procedure using SAS
statistical analysis software package (SAS Institute,
1999) was used for ANOVA. Means separation was
conducted using Duncan’s multiple range tests. Dif-
ferences were considered significant at P<(.05.

RESULTS AND DISCUSSION

Chemical composition

Table (3) shows the chemical composition of
processed cheese as affected by adding curd Ras
cheese slurries (El-Attar, 2006). There were no dif-
ferences among most of cheese samples in fat and
salt content. The pH was almost similar in most of
the processed cheeses. These data proved that par-
tial substitution of Ras cheese solids with cheese
slurries accompanied by standardization of fat, salt
and pH of the blend did not affect their values in the
resultant processed cheese. The control processed
cheese (T1) had slightly higher salt and fat contents
than the remaining examined processed cheese
(with adding slurry). These results could be attribut-
ed to the high contents of fat and NaCl in aged Ras
cheese (Table 2). Moisture contents in examined
processed samples ranged from 38.21 to 43.03%.
These differences could be attributed to the differ-
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Table 3: Chemical composition and pH of processed cheese

Cheese treatments Fat (%) Salt (%) pH Moisture (%)  Protein (%)
T1 25.840.8 1.99+0.022 5.73+£0.08 38.67+1.1 23.32+0.42
T2 24.1£0.9 1.76+0.21 5.744+0.04 41.51+0.8 22.21+0.56
T3 23.3+1.3 1.76+0.25 5.744+0.03 39.19+1.3 23.134+0.32
T4 24.4+1.1 1.61+0.23 5.8940.07 42.95+0.3 21.58+0.43
T5 24.2+0.8 1.53+0.32 5.8+0.05 39.7240.7 24.50+0.56
T6 23.4+.1.3 1.65+0.23 5.83+0.06 40.46+0.8 21.12+0.45
T7 25.1+£0.7 1.69+0.28 5.754+0.07 38.21+1.2 23.5840.65
T8 23.2+1.1 1.66+0.23 5.684+0.07 43.03+.08 21.32+0.45

Values are expressed as means = SD.

T1: Control cheese made from a blinding of young and aged Ras cheeses, T2: Cheese made using curd slurry with
Ent. faecium 174RM, T3: Cheese made using curd slurry with Ent. faecium 151D, T4: Cheese made using curd slurry
with Lb. salivarius 194KC, T5: Cheese made using curd slurry with Le. lactis sub sp. lactis 608N, T6: Cheese made
using curd slurry with Le. lactis sub sp. lactis 64RM, T7: Cheese made using curd slurry with Lb. salivarius194KC
& Le. lactis sub sp. lactis 64RM and T8: Cheese made using curd slurry with Lb. rhamnosus S6R & Lc. lactis sub sp.

lactis 608N.

ences in the condensing condition in the machine
during the preparation of processed cheese. The fat
and protein contents were found to be related to the
moisture content of the samples.

Textural characteristics of processed cheese

Hardness is a parameter for cheese quality
(soft, firm, hard). Hardness is recognized as the
force which is required to compress a sample be-
tween the molars.

The differences in hardness values among
treatments are shown in Table 4. Since there were
no differences in chemical composition and pH val-
ues between the control cheese made from blending
50/50 aged/young Ras cheese (T1) and the cheese
made from blending of young and slurry Ras
cheese (T7) (Table 3), the differences in hardness

of these samples are related to protein structure and
network. The structural matrix of cheese is a cross-
linked casein-calcium phosphate network in which
fat globules are physically entrapped (Prentice et
al., 1993). The protein matrix is elastic when the
casein is largely intact (Jameson, 1990). The high
proteolysis in aged cheeses decreases the hardness
of processed cheese control (T1) as compared to
that made from blending of young and slurry Ras
cheese (T7), same results were also reported by
Awad et al. (2006a). The type, characteristic, age
of the natural cheese and the moisture content play
amajor role in controlling the textural, viscoelastic,
functional, microstructural and sensorial properties
of processed cheese (Bowland & Foegeding 2001,
French et al., 2002, Glenn et al., 2003, Acharya
& Mistry 2005). Moreover, Awad et al., (2006a)

Table 4: Mean values of texture profile analysis of processed cheese*

s E § o0 % = % S0 i E EO S0 g 0 é an é
© o < z > ©

T1 213.8 1746.9 1.9 79.1 1.2 36.0 10.3 406.2 487.5 37.6
T2 184.1 1515.8 2.1 59.1 1.0 33.3 8.8 386.9 404.2 36.4
T3 211.4 1682.0 2.1 62.0 1.1 39.0 10.1 442 .0 465.5 38.6
T4 150.4 1231.0 2.1 64.3 1.1 34.0 7.1 321.9 344.5 334
T5 204.8 1645.0 2.2 60.5 1.1 34.0 9.9 451.4 478.1 38.6
T6 213.8 1730.0 1.8 85.6 1.1 30.0 10.2 380.7 4104 36.9
T7 224.5 1834.2 1.9 83.1 1.2 37.8 10.8 426.6 511.9 37.1
T8 160.1 1368.0 2.0 57.0 1.0 30.0 7.6 327.1 336.6 343

*average of two replicates
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reported that processed cheese made from 100%
young cheese was harder than cheese made from
blending aged and young Cheddar cheese, while
the hardness decline in the processed cheese made
from Cheddar cheese (1 month old). The decrease
in hardness during the early stages of ripening is
attributed to early change in the texture which is
attributed to proteolysis of casein network, increas-
ing protein hydration and solubilization of colloi-
dal calcium phosphate (Creamer & Olson, 1982,
McMabhon, et al., 1999, Guinee, 2002, Lucey et al.,
2003). Water redistribution, which occurs mainly
during the first few weeks of ripening (McMahon
et al., 1999), seemed to play a major role in cheese
softening during the first weeks of ripening.

However, the differences in hardness of proc-
essed cheese should be related partially to moisture
content in the current study. The highest hardness
level was found in the sample T7 with moisture
38.2%, while the lowest hardness was in the sam-
ple T4 (42.95 % moisture). Slight differences in
moisture of processed cheese may cause major dif-
ferences in its rheological parameters, slight higher
moisture content in the sample T2 (41.5%) as com-
pared to the sample T6 (40.5%) radically reduced
the hardness by about 13%.

Consistency is the internal strength of bonds
within a product, it is the total positive area of the
first bite. Consistency was found to be related to
hardness, so, the consistency is higher in the hard
samples than in the soft samples.

Cohesiveness is the strength of internal bonds
making up the body of the product, it is the ratio of
the positive area during the second compression to
that during the first compression.

The cohesiveness seems to be related to protein
content in processed cheese. It is clear that cohe-
siveness was higher in the processed cheese T5 than
in the cheese T6 (Table 4), the protein content of
which is higher than in cheese T6 (Table 3). Mean-
while, the cohesiveness was lower in the control
cheese T1 than in T3 with similar protein content,
these related to the higher proteolysis in control
cheese made from aged cheese. The nature and the
content of the protein matrix and the extent of fat
dispersion contribute to cohesiveness or the tenden-
cy of cheese to adhere to itself. Proteolysis disrupts
the structural integrity of the protein matrix, leading
to reduced cohesiveness (Irudayaraj et al., 1999).

Adhesiveness is recognized as the work re-
quired to overcome attractive forces between sur-

face of the cheese and surface of other materials
with which the cheese comes into contact. There
was a difference in adhesiveness of processed
cheeses, it was not found to be related to moisture
content or to hardness. The highest adhesiveness
value was observed in the cheese T6 and the lowest
adhesiveness was in the cheese T8 which contained
high moisture content as compared to cheese T6.
On the other hand, cheeses TS5 and T6 had slight
differences in moisture content, and the cheese T6
recorded significantly higher value of adhesiveness
than the cheese T5.

Springiness is the rate at which a deformed
material returns to its original shape on removal
of deforming force. The height that the cheese re-
covers during the time elapsed between the end of
the first bite and the start of the second is taken as
springiness.

The springiness exhibited a slight difference
among all treatments except the cheeses numbers
T1 and T7. These results indicated that the abil-
ity of the processed cheese to recover its original
height after removing the force is almost similar.
Springiness was much higher in cheeses T1 and T7
than in all the other cheeses (Table 4).

Fracturability is the force at which the sample
or material fractures, it is the first significant break
in the first compression cycle. The fracturability
values were higher in low moisture content cheeses
(T3 and T7) than in high moisture content cheeses
(T8). The fracturability values were also related
partially to proteolysis in base cheese as the frac-
turability was lower in control cheese T1 as com-
pared to T7 with similar moisture content.

Modulus is the ratio of sample stress divided
by strain during the first compression cycle e.g. the
slope of force, deformation curve within linear re-
gion. It is a representative of sample rigidity. There
was a positive relationship between the consistency
and modulus. Replacing aged cheese with cheese
slurries and young cheese slightly increased the
rigidity of processed cheeses. Since viscoelastic
moduli are proportional to the number of bonds
formed in the gel network (Lucey et al., 2003), it
could be assumed that the processed cheeses T4
and T8 had less tight network structure than the
cheeses T6 and T7.

Gumminess is the energy required to disinte-
grate a semi -solid food for swallowing calculated
parameter: Hardness x Cohesiveness. The gummi-
ness in processed cheese was found to be related to
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moisture content and hardness. The cheese samples
T3 and T7 recorded higher values for hardness and
gumminess as compared to the samples T4 and T8.

The results of Chewiness shown in Table
(4) indicate that the energy required to masticate
the cheese product to a state ready for swallowing
‘Chewiness’ is higher in the processed cheese T7.
The same trend was also noticed for the energy re-
quired to disintegrate the cheese product ‘gummi-
ness’.

Chewiness was not found to be related to the
hardness. Chewiness was higher in the cheese T1
as compared to the cheese T6, whereas these both
cheeses were similar in hardness. These indicated
that the texture properties of processed cheese are
related to many factors (i.e. moisture, pH, protein
structure, fat content, salt content and protein con-
tent).

Relaxation curves are used to demonstrate
the visco-elastic properties of solid foods (Peleg,
1979). Stress relaxation experiments involve the
compression of a sample to a target distance. The
relaxation % was higher in low moisture cheeses
(T1, T3 and T7) as compared to higher moisture
cheeses (T4 and T8), same results were reported
in Talaga cheese by Awad et al. (2002). Stress re-
laxation experiments involve the compression of
a sample to a target distance. The sample remains
compressed at this distance for a target period of
time during which the load response of the sample
is recorded by the texture analyser i.e. the appara-
tus records the subsequent decrease in load as the
sample relaxes under constant deformation. The
general rule is that the greater the viscous com-
ponent of the sample the greater the relaxation.
Elastic materials relax much less at a considerably

slower rate. Therefore, the greater the % the lower
the relaxation and the increased elastic component
and/or resistance of internal structure to fracture.

Sensorial quality

Eight tested processed cheeses made from dif-
ferent types of aseptic curd Ras cheese slurries (El-
Attar, 2006) were assessed organoleptically. The re-
sults are presented in Table (5). The cheeses T4, T5
and T7 have received significantly higher scores for
acceptable flavour as compared to the control. Con-
versely, the unacceptable tested processed cheeses
were noticed in samples T2, T3 and T8. The cheese
T7 gained the significantly highest score followed
closely by TS5 and T4 (91.5, 89.6, and 87.7, respec-
tively). Whereas, the control (T1) has a sensory
score approach to the blend containing Lc. lactis sub
sp. lactis 64RM strain (79.3 and 77, respectively).
So, the slurries containing Lb. salivarius 194KC&
Lc. lactis sub sp. lactis 64RM and Lc. lactis sub sp.
lactis 608N could improve the texture as well as the
flavour of cheese compared with the control (Table
5). This result could be attributed to the high proteo-
lytic activity of Lb. salivarius 194KC and Lc. lactis
sub sp. lactis 608N and subsequently high contents
of protein (Table 3).

As shown in (Table 5), flavour score in both
cheeses T7 and T4 exhibited significantly the high-
est values (45 and 45.7 points, respectively), where-
as for the control gained only 33.6 points for the
same character. The obtained result indicates that
using rapidly ripened cheese improved the quality of
resultant processed cheese, this result was in agree-
ment with El-Neshawy et al. (1987). The texture of
cheeses T7 and T5 was firm and that is suitable for
the consumers of processed cheese. The section and
colour score of control processed cheeses was sig-
nificantly the highest compared to the other tested

Table 5: Mean values of sensory evaluation of processed cheese

Samples Flavour Texture Section and colour Total Score

(50) ao0) (100)

Tl 33.6bc 35.7ab 10.02 79.3b

T2 31.7¢ 33.3b 8.32 73.3¢

T3 37.1b 30.0¢ 8.32 76.2bc

T4 4572 32.9bc 9.12 87.7a

T5 44 .42 36.3a 9.02 89.6a

T6 36.9b 31.3b 8.52 77.0b

T7 45.02 37.5a 9.02 91.5a

T8 33.6bc 31.4bc 6.9b 71.9¢

Means in a column not sharing the same letter are significantly different at P<0.05.

48



Alex. J. Fd. Sci. & Technol.

Vol. 3, No.2, pp. 43-50, 2006

samples, additionally, samples T7 and T5 showed
a similar score (9), these samples have closed and
regular section and colour.

On the other hand, processed cheese contain-
ing Lb. rhamnosus S6R & Lc. lactis sub sp. lactis
608N (T8) received the significant lowest score
(6.9 points). The flavour of that cheese is described
in general as unclean, soapy and salty. These fla-
vours are mentioned as off- flavours in cheese
(Law, 1982, Ogden, 1993 & Fox et al., 1995). The
evaluator’s scores were in agreement with the data
recorded by texture analyzer. The section of cheese
T3 was irregular with a speckled colour.
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