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PREFERENCE EVALUTION AND PROPERTIES OF
REDUCED SODIUM PROCESSED CHEESE
SPREADS

[16]

Othman, Nancy', A.; S.A. EF-Shabrawy' and R.A. Awad
ABSTRACT

Low-sodium processed spreads (LSPS) were made using blends of ordinary and
low-sodium Ras cheeses (1:1) with different emulsifying systems (ES). Resuitant
spreads were chemically analyzed when fresh for sait, ash and mineral contents.
Values of pH, solubie nitrogen (SN), total volatile fatty acids (TVFA), physical
properties and cheese preference were evaluated in fresh and stored samples. LSPS
had lower salt, ash and Na content with higher K and TVFA values. [ncorporation of
low-sodium Ras cheese by 50% in the base blend with commercial ES decreased Na
by up to 37.87%. Substitution of ES to be in K-form increased the reduction in Na
ratio up to 67.54%. Values of pH and SN in LSPS were affected by cheese treat-
ments and ES in the blend. LSPS was more meltable, less firm, less viscous and ex-
ude more oil than the control. Preference evaluation of cheese spreads indicated that
substitution of sodium with potassium significantly lowered the acceptability of the
product. High palatable cheese spreads with non significant difference can be pro-
duced using blend of ordinary and low-sodium Ras cheese {LSRCh), 1:1 with ES
consists of K and Na salts when K/Na ratio in processed product is still < 0.1. Stor-
age of spread samples decreased pH and meltability values while SN, TVFA, oil
separation and firmness increased.
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INTRODUCTION total daily sodium intake by most persons

in developed countries is 4 to 5 g per day

In addition to its preservative effect,
NaC! plays important roles in foods
which are dietary and flavour effect. The
most frequent estimate of the minimum
adult daily requirement for sodium is 200
mg (0.5 g of NaCl), while the average

which equal 10 to 12 g of NaCl (Dillon,
1987; iFT, 1980). These quantities are
regarded as excessive, even dangerous,
by many of those responsible for public
health (Shank et a/ 1982 and Dillon,
1987). The excessive intakes of Na have
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toxic or at least undesirable, physiologi-
cal effects, the most significant of which
are hypertension & cardiovascular dis-
eases and increased calcium excretion
which may lead to osteoporosis as well as
the incidence of kidney stones {(Guinee
and Fox, 1993). Dairy products contrib-
ute about 11% of the total sodium and
cheeses have been listed as an important
source of it in the human diet {Forsythe
and Miller, 1980; Albernethy, 1979),
The dairy industry is seeking for ways to
reduce the sodium content of natural and
processed cheeses which contain more
sodium than do other dairy products. The
use of unsalted cheese is unsuitable in
process cheese, and produces too
meliable and significantly less desirable
than NaCl salted cheese (Olson, 1982).
The author suggested that some reduction
in sodium may be feasible in Cheddar
cheese either by lowering the amount of
salt added or by substituting some of
NaCl with KCI. Despite its inherent bitter
taste, potassium chloride (KCl) has been
widely and successfully used as a partial
replacement for NaCl.

Processed cheese are a stable form of
ripening cheeses and the precondition for
a correct melting of the disintegrated
mass is addition of certain salts, called
emulsifiers or fluxing agent. The additive
of flux, being a mixture of sodium salts of
weak polybasic acids is applied and thus
it increases the level of sodium in the
product. Option available to reduce the
sodium content of processed cheeses in-
clude lowering NaCl or substitution of
NaCl / KCl mixtures in natural cheese
manufaciure and selection of alternate
lowered sodium emulsifier salt systems.
Investigations of proposed alternate
emulsifier salts are needed to formulate
systems capable of meeting technological

and consumer objectives. Therefore, this
study was conducted to define more
clearly factors influencing processed
cheese flavors and acceptances as well as
to develop formulation providing con-
sumer- acceptable processed cheese with
reduction of sodium concentrations.

MATERIAL AND METHODS

Brine salts for patural cheeses

A food grade granulated salt (sodium
chloride) was obtained from EL-Nasr
salines Co., Alexandria, Egypt. Whereas
pure fine grade of potassium chloride
produced by EL-Nasr Pharmaceutical
Chemicals Co., Cairo, Egypt was used.

Emulisifying saits

Commercial JOHA emulsifying salts
S9s and NO recommended for spreadable
processed cheese were obtained from BX
Ladenburg Corp., GmbH, Germany. In-
dividual emulsifying salts of tripotassium
citrate (monohydrate) and dipotassium
hydrogen orthophosphate (anhydrous)
were obtained from J.T. Baker Inc., NJ,
USA.

Butter fat

Fresh unsalted butter nsed to adjust
the fat / dry matter ratio was obtained
from Modem Agriculture Development
Co., (DINA), Alexandria Desert Road,

Egypt.
Preservatives

Nisaplin (commercial name for the
preparation of the food preservative nisin)
manufactured by Danisco Cultor, Aplin
and Barrett Ltd, UK was used.
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Ras cheese manufacture

Ordinary Ras cheese (control) was
made according to Hofi er ar (1970) using
cow's milk (3% fat) and ripened for 2
months at 14°C, before use.

Low sodium Ras cheese (LSRCh)
manufacture

Low sodium Ras cheese was made by
the same procedure of ordinary Ras
cheese with some modification as fol-
lows;

After clotting the milk, cutting and
partially whey removal from curd as
mentioned in ordinary Ras cheese, a mix-
ture of NaCl and KCl (i:1) was added to
the curd particles in ratio 1% of the origi-
nal milk weight. The curd particles were
stirred in the brine solution (NaCl : KCl,
1:1) for 15 min. and then the whey was
completely drained. The curd was filled
in the molds and pressed for 4 hr. After
taking out the cheese blocks, it was
soaked overnight in a brine solution (20%
concentration) made of NaCl + KCl in
ratio 1:1 and adjusted the pH to 4.6 hy
lactic acid. The cheese was then drained
off brine, dried on cheese cloth, waxed
with paraffin elastic wax and ripened at
14" C & 85-90% RH for 2 months before
use. Analyses of ordinary and low-
sodium Ras cheeses are presented in Ta-
ble {1}.

Manufacture of Low-sodium processed
cheese (LSPC) spread

The base blend of processed cheese
spreads with low-sodium content was
formulated of ordinary and LSRCh (2
months old) in ratio of 1:1. The final
products were adjusted to contain 58%

moisture, 45% F/DM, 2.5% emulsifying
salt and 0.01% nisin preparation. Four
different formulas were made from Ras
cheese and tow-sodium Ras cheese (1:1)
using  mixtures of  substituting
commercial sodium salt {(NaES) with
formulated potassium salts of tri K-citrate
+ di K-phosphate, [:2 (KES). First
treatment (L.S 1) was made with 100% of
KES, second with KES and NakES, I:1,
third with KES : NaES, 1.2 and lastly one
with 100% NaES. Control processed
cheese was manufactured using ordinary
Ras cheese with commercial emulsifying
salt of JOHA S, special + NO, I:1
(NaES). The blend of low sodium and
control Ras cheeses, butter, water,
emulsifying sait and nisin were added
consecutively in the processing kettle and
coocked for 8 min at 835-90°C using
indirect steam at pressure 2-2.5 Kg/cm®.
After processing, the meited processed
cheese was poured into wide mouth glass
jars (150 g) and capped directly after
filling. The resultant cheese was left at
room temperature for cooling and then
analyzed when fresh and monthly up to 3
months during storage in refrigerator
(5z1° C). Ingredients of each formula are
shown in Table (2).

Chemical analysis

Cheese samples were tested for mois-
ture and ash contents as mentioned in
AOAC (1995). Total & soluble nitrogen,
fat and titratable acidity were determined
according to Ling (1963). Salt content
was estimated according to Bradley et a/
{1992). Sodium and potassium were es-
timated using atomic absorption spectro-
photometer as described by FAO (1980).
Total volatile fatty acids {TVFA) values
were determined according to Kosi-
kowski (1982).
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Table |. Chemical composition of ordinary and low — sodium Ras cheeses used in proc-
essed cheese spread manufacture

[ Ras Moisture Fat ™ Salt  Acidity SN TVFA* Ash Na K
Cheese Yo % % % % % % Yo %

Ordinary 35.36 2088 3597 368 1.27 0.5746 216 429 21487 0.1120

Low-
34.53 3012 3652 306 136 0.5851 30.1 417 1.6233 08766
sodium
TN Total Nitrogen. SN: Soiuble Nitrogen.

*TVFA: Total Votatile Farty Acids (ml 0.1 N-NaOH / 100g cheese).

Table 2. Composition of different blends of processed cheese spread made using low-
sodium Ras cheeses with different food additives (Kg / 100 Kg)

Ingredients Treatments
Control LS! LS§2 L.S3 LS4
Ordinary Ras cheese 59.98 29.94 29.94 29.94 29.94
Low Na- Ras cheese - 29.94 29.94 29.94 29.94
Butter fat 0.39 0.45 0.45 045 0.45
Emulsifying salt:
Ses (commercial) 1.25 .- 0.63 0.83 1.25
NO {commercial) 1.25 -- 0.63 0.83 1.25
K-Citrate - 0.83 0.42 0.29 -
K-Phosphate - 1.67 0.83 0.55 -
Water 37.03 3707 . 3107 3707 37.07
Total 100 100 100 100 100
Nisaplin 0.01 0.01 0.01 0.01 0.01

L.$1: 100% KES (k-citraie : k-phosphate, 1:2).
L.52: KES : commercial Na- salt (NaES), 1 : 1.
[..83: KES : NaES, 1: 2.

L.S4: 100% NaES.
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Physical properties

Values of pH were measured using a
digital pH meter (Cole-Palmer, IL). Oil
separation index was determined accor-
ding to Thomas, (1973). Cheese
meltability was determined as described
by Rayan et af (1980). Cheese firmness
was measured using a penctrometer
{Kochler Co. Inc., USA), as described by
El-Shabrawy et al (2002). The apparent
viscosity was measured as described by
Schenz and Morr (1996) using a coaxial
rotational viscometer (Rheotest, Ger-
many) at shear rates ranging from 0.3333
to 145.8 §™* at 50°C.

Sensory evaluation

Sensory attributes of samples were
evaluated by the faculty and graduate
students (8-10 panelists each course) at
Food Sci. Dept., Ain Shams University
according to Meyer (1973) for outer ap-
pearance (20 points), body & texture (40
points) as well as aroma & flavour (40
points).

Statistical analyses

Statistical analyses were performed
according to SAS Institute (1999) using
General Linear Model (GLM) with main
effect of treatments. Duncan’s multiple
range was used to separate among means
of three replicates at p < 0.035.

RESULTS AND DISCUSSION

Sailt, ash, potassium and sodium con-
tents

The data in Table (3) indicate that
control of ordinary Ras cheese with

commercial emulsifying salts had signifi-
cantly higher salt and ash contents than
that of aill LSPS treatments. Among
treatments, there was slight difference in
salt and ash being higher in L.S 4 and the
lowest in L.S 1. The differences are
mainly due to the emuisifying mixture.
Commercial emulsifying salt added to
control was mostly sodium salt and in
hygroscopic forma. This would increase
the ash as well as the salt content in resul-
tant product. [n treatments of low sodium,
the commercial emulsifying salt was sub-
stituted partially with K-citrate and -
phosphate and the base included a part of
LSRCh. This would lead to lower ash and
salt content in the final product. Treat-
ment L.S 4 had close salt and ash values
to control one since it was made with
same emulsifying salt but 50% of the
cheese base was of LSRCh. Control proc-
essed cheese had lowest K content with
highest Na content. Among LSPC, LS |
possessed the highest K content with
lowest of Na, while L.S 4 had the lowest
K content with highest of Na, The differ-
ences in K and Na contents are mainly
due to the base formula and emulsifying
mixtures. The difference in Na ratio
among low-sodium treatments is due to
the emulsifying mixture, while the differ-
ence between control and L.S 4 is re-
garded to the base formula.

The data in Table (3) aiso indicated
that the ratic of K / Na was 0.0336,
2.0645, 0.7196, 0.5170 and 0.1848 in
control, LS |, L.S 2, LS 3 and LS 4
respectively. This means that potassium
content was less than sodium content in
all samples expect in L.S | which had
higher K than Na. Low-sodium treat-
ments presented a reduction of Na con-
tent equal to 67.54, 52.70, 48.96 and
3787 % forLSL, L82, LS3and LS4
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Table 3. Salt, ash, potassium and sodium contents of low — sodium processed cheese
spreads made using blend of ordinary and low sodium Ras cheeses (1:1) with

different emulsifying salt mixtures

Treatments S;:t A‘\’/::h :/i ?;21 K r;’t}:a Na reg:ction
Control 291%  475% 00779 23130 0.0336 0.00
LS1 239 432%° 15500 0.7508 2.0645 67.54
LS2 2485  441% 07872 1.0940 0.7196 52.70
LS3 251%  446% 06101 1.1800 0.5170 48.98
LS4 2598 4558 02657 14370 0.1848 37.87

See legend to Table (2) for details.

A, B, C: Means with same letter among treatmnents are not significantly different.

respectively compared to the control one.
Therefore, using only 50 % of the cheese
base in the formula from LSRCh lowered
the Na content by up to 37.87 % in resul-
tant processed cheese. Furthermore, blend
of 1:1 of ordinary and LSRCh with emul-
sifying salt mixture consists of 100 % K
salt (L.S 1) resulied in processed cheese
with up to 67.54 % reduction in Na con-
tent.

Valunes of pH

The pH values of LSPS (Table, 4) in-
dicated a slight difference among differ-
ent treatments. Highest pH value was
noticed in L.S | with formulated emulsi-
fying salt of K-cirate + K-phosphate
(1:2), while the lowest was observed in
L.S 4 with 100% commercial salt. These
differences are mainiy due to the different
emulsifying salts andfor the acidity de-
gree in cheese base. Value of pH de-
creased with incorporation of LSRCh in
the blend due to its higher acidity than

ordinary Ras cheese (Table, 1). On the
other hand, emulsifying system contains
K-phosphate may increase the pH of re-
sultant processed cheese.

Values of pH slightly decreased dur-
ing storage in all samples and this could
be attributed to the changes of cheese
compounds such as lactose and proteins
through a limited growth and activity of
resistant microflora and enzymes in the
spreads. The results are in accordance
with Aly et af (1995), Abd El-Hamid er
al (2000, a), Awad (2003) and Awad et
al (2003).

Soluble nitrogen contents

Soluble nitrogen (SN) contents of
LSPS, (Table, 4) indicated that the value
of SN being lower in L.S 1 and higher in
L.S 4 as well as control one. The higher
value of SN in 1.8 4 and control treat-
ments is mainly due to the effect of
emulsifying salt used in peptidizing the
protein of cheese base. Control and L.S 4
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Table 4. Values of pH, soluble nitrogen and total volatile fatty acids of low — sodium
processed cheese spreads made using blend of ordinary and low sodium Ras
cheeses (1:1) with different emulsifying salt mixtures

Storage period (at 5°C)
Treatments
pl‘éﬂll l montli 3 months 3 months
pH values

Control 5.84 70 58174 5.80 A 576
LS1 591 5.84 A 5.82 M0 580
LS2 588 % 5.80 A 5.77 ABeb 576"
LS3 5,85 ABs 5774 5,76 ABib 5,73 ABb
LS4 5.815 571™ 5.75 5% 5.70 B°

Soluble nitrogen

Control 1.406 ** 1.5114® 1.683 A 1.832*
LS1 1107 119 B 1.201 B 13178
LS2 1.295 A8 1.336 A8 1.447 A8 1.528 AB
LS3 1.338 4 1411 4* 15224 1.64]1 A
LS4 1.532 M 1.606 A 1.785 A% 1.902

TVFA*

Control 49 % 52% 54 60 &
LS1i 59 62% 68 % - 75 A
LS2 574 62 M 65 oM
LS3 584 594 64 ABb 69 A8
LS4 574 59 A 615 66 e

See legend to Table (2) for details.

*TVFA: Totat Volatile Fatty Acid (m! NaOH 0.1 N / 100g cheese)

A, B, C: Means with same letter among treatments in the same storage period are not signifi-
cantly different.

a, b, ¢ : Means with same letter of each treatment during storage periods are not significantly
different.
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treatrnents made with 100% commercial
emulsifying salt which is effective in pro-
tein peptidization. On the other hand, L.$
| made using formulated salt mixture of
K-citrate and -phosphate which known to
be less effective in protein peptidization
and thus gives a less value of SN. Adding
commercial emulsifying salt as a substitu-
tion of citrate and phosphate mixture in-
creased SN of treatments L.S 2 and L.S 3.
The data in Table (4) also showed that
L.S 4 had slightly higher SN than that of
control even the emulsifying salt used is
similar. This could be due to the slightly
higher SN of LSRCh (Table, 1) in the
base formula of L.S 4.

SN gradually increased in all stored
processed spread samples, These changes
could be the result of enzymatic activity
of resistant proteinases. It could be also
due to the hydrolysis of emulsifying salts
which may cause more solubilization of
proteins. These findings are in corrospen-
dance with that reported by Aly et al
{1995), Abd El-Hamid et al (2000, a),
Awad (2003), Awad ef al (2003).

Total volatile fatty acids

The total volatile fatty acids (TVFA)
of all treatments (Table, 4) indicated that
control processed cheese had signifi-
cantly lower TVFA values compared to
LSPS either when fresh or during storage.
The higher TVFA in LSPS is due to the
incorporation of LSRCh in the blend
which has higher TVFA. The resulis
agree with Lindsay ez af (1982) and Aly
(1995).

Values of TVFA significantly in-
creased during storage of all samples.
This could be due to the residual activity
of heat-resistant lipases in the base for-
mula which cause the fat hydrolysis. Our

findings are coincide with El-Neshawy et
al (1987), Aly (1995), Aly et al (1995).

Qil separation

The oil separation index varied sig-
nificantly among treatments of LSPS with
different emulsifying mixtures. These
differences are mainly due to the different
emulsifying mixtures used. In treatment
L.S 1, the salt mixture consistes of K-
citrate and -phosphate which are less ef-

“fective in creaming action and therefore

gives a lower emulsification degree. On
the other hand, most of commercial ap-
plied emulsifying salts, contain short
chain polyphosphate which characterized
by strong creaming action. Meanwhile,
the resuitant cheese is in a good state of
emulsion and less able to lose fat. Thus,
using commercial emulsifying salt or
substitution of it in the emulsifying mix-
ture will result in less oil separation com-
pared to citrate or orthophosphate.

Qil separation index of stored samples
increased with prolonging the storage
period. This could be correlated to the
decrease in pH values and the increase in
SN which result in lower degree of emul-

‘sification and higher fat leakage. The

resufts are in accordance with Abd El-
Hamid ez af (2000, c), El-Shabrawy ef
al (2002), Awad (2003} and Awad ef o/
(2003).

Cheese meltability

Meltability values of LSPS (Table, 3)
indicated that the meltability was signifi-
cantly higher in low-sodium treatments
than control. Among treatments, it was
highest in L.S | followed by L.S 2 then
L.S 3 and L..S 4 was close to control one.
These differences could be due to the

Annals Agric. Sci., 50(1), 2005



Properties of reduced sodium processed cheese spreads

217

Table 5. Oil separation and meltability of low — sodium processed cheese spreads made
using blend of ordinary and low sodium Ras cheeses (1:1) with different emul-

sifying salt mixtwes
Treatments Storage period (at 5°C)
Fresh 1 month 2 months 3 months
Oil separation index

Control 18.4 18.8 <2 19.1 2120
LS1 31.5% 33.04% 36.5 4 41.1M
LS2 26 22.7% 24.1 B 27.75
LS3 198 202 232 Beb 252
LS4 18.7° 19.1 ¢ 199 22,10

Meltability (mm)

Control 1145 1134 105.1 % 9185
LS1 133.0M 131.0% 119.5 4 104.4 A
LSs2 129.7 4B 128.2 A8 114.4%° 100.3 4
LS3 12245 121.2% 112.6 42 96.9 B¢
LS4 119.6 2 11703 106.8 * 92.7 %

See legend to Table (2) and (4) for details.

differences of cheese base and emulsify-
ing salts. The higher meltability of L.S |
is mainly due to the emubsifying salt used
of 100% of K-citrate and orthophosphate.
Both of these saits had very low creaming
action and the body of final product well
be thin {low viscosity) as in raw cheese
(Meyer, 1973 and Berger er al 1993).
Therefore, the cheese spread of these salts
is highly meltable than polyphosphate.
Consequently, substituting citrate and
orthophosphate with commercial emulsi-
fying sait will lead to lower meltability as
indicated in treatments LS 2, L.S 3 and
L.S 4 being proportional to substituting
ratio. The slightly higher meltability val-
ues of L.S 4 than control is due to the
LSRCh included in base blend which

characterized by slightly higher SN (Ta-
ble, 1).

The cheese meltability showed a ten-
dency towards decrease along the storage
in all samples. This could be due to the
changes occured in chemical properties of
processed spreads such as pH, protein,
emulsifying sait form and product setting.
The data agree with Olson and Price
(1961), Abd El-Hamied er al (2000, b)
and Awad (2003).

Firmness

It is well known that penetrometer
readings are inversely related to the
cheese firmness. Figure (1) indicates that
the least penetration value was noticed
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Fig. 1. Penetration values (mm) of low-sodium processed cheese spreads made using
blend of ordinary and low sodium Ras cheeses (1:1) with different emulsifying

salt mixtures

for control treatment while the highest
was noticed with L.S 1 followed by L.5
2, then L.S 3 and lastly L.S 4. This differ-
ence is related to the different emulsify-
ing system and its effect on the protein
state and emulsification degree in resul-
tant spreads. Commercial emulsifying salt
that have been used in control as well as
L.S 4 contains polyphosphates which lead
1o higher creaming action and therefore
increase the cheese firmness. On the other
hand in low-sodium treatments, commer-
cial emulsifying salt was substituted pro-
portionally with K-citrate and

orthophosphate which has less creaming
action and so produce less firm processed
cheese. Aizawa and Yoneda (1990} re-
ported that firmness increased in proc-

essed cheese by adding polyphosphate as
emulsifying salt rather than monophos-
phate and/or citrate. The slight difference
between control and L.S 4 is mainly due
to the cheese base used since LSRCh con-
tained slightly higher SN that may lead to
higher peneteration (lower firmness) in
the cheese.

The penetration values in stored proc-
essed cheese samples decreased with pro-
longing the storage period, i.e. the firm-
ness increased. This could be attributed to
the changes occurred in chemical proper-
ties of final product during storage espe-
cially pH value. The data agree with
Younis ef al (1991), Abd El-Hamid er al
(2000, c) Awad ef af (2002) and Awad
(2003).
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Viscosity

Apparent viscosity of cheese spreads
illustrated in Fig. (2) showed that control
possessed the highest viscosity while
low-sodium treatments were in the order
of L§4>L583>L82>LS 1 Control
treatment was made using 100 % com-
mercial emulsifying salts (Ses + NO, 1:1)
which known to have strong creaming
action and thus strong moisture absorbing
effect. With those properties the resultant
processed cheese became more viscous,
produce hard body and less melting
cheese. Consequently, L.S 4 with same
emulsifying system has comparatively
high viscosity to other low-sodium treat-
ments. The difference between .S 4 and
control in viscosity is due to the cheese
base, Since L.S 4 contained LSRCh that
has higher SN content which may lead to
lower viscosity. Substitution of commer-
cial salt with K-ciurate and K-phosphate
asin L.S I, L.S 2 and L.S 3 which have
weak creaming action, i.e. less moisture
absorption and therefore produce thin and
less viscous processed cheese. Variance
in viscosity of L.SPS was dependant on
the substituting ratio of commercial sait
with K-citrate and -phosphate in emulsi-
fying mixture. The results are in agree-
ment with Meyer (1973), Kirchmeier er
al (1978), Aizawa and Yoneda {1990),
Eckner et af (1994), Abd El-Hamid ef af
(2000, ¢} and Awad et al (2004). The
viscosity value of cheese sample de-
creased with increasing the viscometer
shear rate. This flow behaviour follows
the pseudoplastic type and sometimes
called "shear thinning” which means that
the product gets thin and the viscosity
decreased with increasing the shear rates,
while the shear stress increased,

Storage of processed cheese spreads
up to 3 months resulted in slightly lower
viscosity values. This decrease could be
attributed to the changes occurred in
cheese composition and partial protein
degradation. There are several factor can
affect the viscosity values in processed
cheese such as pH, SN, acticn of emulsi-
fying salts, state of protein and composi-
tion of ingredients used in the formula
(Kirchmeier et af 1978; Younis er af
1991 and Awad er ai 2004),

Sensory evaluation

The sensory evaluation scores of
LSPS are presented in Table (6). The
score of cheese appearance as welf as
body and texture showed that treatments
of LSPS scored higher and non signifi-
cant values to control in L.S 3 and L.S 4
while L.S 2 scored slightly lower and L.S
I scored the least. The body & textyr=
was almost similar in all LSPS to control
one except L.S | with emulsifving mix-
ture of K-citrate and —phosphate which
was significantly lower. Flavour scores
indicate that the cheese spreads were
highly affected by the ratic of sodium and
potassium in resultant product. The
aroma and flavour were acceptable in all
tow-sodium spread formulas being sig-
nificantly less in L.§ | which has the
highest Na-reduction percent and highest
potassium content. Berger et al (1993)
mentioned that potassium phosphates
when used as emulsifying salts at high
levels give the cheese a bitter taste and
this limits its use to such applications as
special dietary processed cheese. There-
fore, L.S 1, which has the highest amount
of potassium, was characterized by
slightly bitter taste. The total platability
of produced cheese spreads showed that
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Fig. 2. Viscosity values (poise) at S0°C of low-sodium processed cheese spreads made
using blend of ordinary and low sodium Ras cheese (1:1) with different emulsi-

fying salt mixtures, fresh and after 3 months of storage at 3+1°C
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Table 6. Sensory evaluation of low-sodium processed cheese spreads made using blend
of ordinary and low-sodium Ras cheeses (i:1) with different emulsifying salt
mixtures, fresh and during storage at 5£1°C.

pefitz:éic:) (;sh:::‘: Conrol LS1 LS2 LS3 LS4
0.A.(20) 204 178 194 20%  20M

freh B & T (40) g NB M ggM s
A & F (40) 39M 308 37A 3gM 3gM

Total {100) g7 M 78t 93B  ggM gy

0.A. (20) 207 178 19M ggh g M

| onth B & T (40) 37h 308 378 37M 0 3
A & F (40) 394 28 35Bb 3gABe gg s

Total (100} 964 750 918 gpAR g5

0.A. (20) 19 A 163  (9M 194 oM

2 o B&T(40) 36" 280 358 gy ggm
A & F (40) 364 26%  35M 354b 3640

Total (100) g AB® 70  goBd  gpABE gqhs

OAQ0)  I9M 16% 18 194 gt

;s months B & T (40) 354 27 33 35AB ghe
A & F (40) 364 26 3B 348 300

Total (100) 90 A 69 858  ggA  gott

See legend to Table (2) and (4) for details.
O.A.; outer appearance B & T: body & texture A & F: aroma & flavour
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LSPS of L.S 2, L.S 3 and L.S 4 were
highly acceptable as ordinary full sodium
processed cheese. Treatment L.S | was
significantly differed than other treat-
ments showing lowest acceptability. Fur-
thermore, it could be say that, depending
apon how much reduction needed of so-
dium when substituted by potassium,
LSPS with high acceptability can be pro-
duced using the formula of L.S 2, L.S 3
and L.S 4.

The organoleptic quality of spreads
indicated that processed cheese became
slightly less acceptable with extending
the storage period. The trend among all
treatments including control continued to
be same as in fresh samples. Such coin-
cide trend would indicate that addition of
potassium instead of sodium in emulsify-
ing system did not affect the platability
properties of cheese spreads during stor-
age. These findings are in agreement with
Abd El-Hamid er al (2000, b) and
Awad (2003).
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