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ABSTRACT

The impact of ultrafiltrated whey protein concentrate (UF-
WPC) on the compositional physical, organoleptical and biological
attributes of reduced fat processed cheese spread (PCS) was aimed to
study.

The basic blend of PCS (control) was planned to contain 41%
dry matter (DM) and 45% Fat/DM using mature Ras cheese (as a
supply of aroma as well as hydrolyzed protein) and skim milk powder
(SMP), UF-WPC or the mixture of both of them (1:1, on dry basis) as
additional source of milk solids not fat (ASMSNF) to provide blends
with intact milk proteins. Butter was used to complete fat
requirements. The butter quantities were lowered proportionally to
achieve the designed reduction in the fat/DM content to be 30 and
15%. In the blends of SMP alone as ASSNF, Simplesse® was added to
mimic the fat on the base of 1% fat could be replaced by 0.1%
Simplesse®. Moreover, ascending level of emulsifying salt (ES) was
added on the base of 22.5g ES for each 100g protein providing that the
maximum ES level did not exceed the level of 4%. Furthermore, 1.2%
cooking salt was added and the pH value of all blends was adjusted to
5.7 using 10% citric acid or NaHCOj3 solutions. Level of 0.01% of
nisin was added. The cooking procedure was carried out at 85°C for 7
min. Further, a local reduced fat (light) PCS was used as a commercial
control.
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The obtained results show that the reduction in the fat content
of PCS was associated with increase the protein and ash contents as
well as cheese firmness as inversely indicated from the penetration
value. Likewise, biological parameters of protein quality of PCS
namely true digestability, biological value and net protein utilization
were also improved whether by fat reducing or UF-WPC addition. Oil
separation, meltability and organoleptic scores were declined due PCS
fat reduction. The usage of UF-WPC raised the protein content and
enhanced the appearance and the meltability of PCS, while the ash
content of PCS was not influenced by UF-WPC addition.

As a conclusion, UF-WPC could be successfully used as
ASSNF whether alone or in participation with SMP in reduced fat
PCS making for recovering the fat deficiency and improving the
sensory as well as the nutritional quality.

Key words: Reduced fat processed cheese - Whey protein
concentrate, Simplesse® - Processed cheese properties.

INTRODUCTION

Processed cheeses are among cheese verities appreciated by
consumers. The Egyptian dairy industries produce about 130.000 ton
per year CFI (2006). Processed cheese could be defined as the product
obtained by cooking a blend of shreded naturally maturated cheese as
partially hydrolyzed casein as well as flavouring source (maximum
20% of total blend protein) mixed with fresh and moderate cheese
curd as a source of intact protein, namely casein (minimum 50% of
total protein for spreadable type and 70% of block one). An
emulsifying agent, colouring material and water with slowly
continuous constant agitation or shearing, and then packaged while
still hot (Meyer, 1973; Berger et al, 1989; Caric & Kalab, 1993; Fox
et al, 2000 and Abd El-Salam et al, 2005). Other dairy or non dairy
ingredients may be added to the blend.

Nevertheless, because of its relatively higher fat content
processed cheese, particularly spreardable type, may be considered,
from the nutritional viewpoint, as an unbalanced food, especially,
when it used as a sole sandwich filling food for school children or
even for adults. Moreover, the "Diet and Health" report by the
National Research Council (NRC, 1989) states that, obesity is an
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independent risk factor for many dangerous diseases. These facts
distinguished the significance of fat reduction and consequently the
increase of the need to develop dairy products to face the current
upward trend in nutritional and health awareness.

Many fat replacers were tested for reducing calories in many
dairy products and little for processed chesses (Kebary et al, 1998 &
2001 and Farahat, 1999). However, whey protein can play an un-
neglectable role in this respect. Fayed (1986) reperted that, the
retention or incorporation of whey protein into low or skimmed milk
cheese exhibited such fat-replacer behaviour recovering relatively the
fat deficiency and helped products to regain their smoothness
creaminess, palatability and mouthfeel attributes. Furthermore whey
proteins are recognized as being highly superior to most other proteins
in nutrition (Renner, 1983; Renner & Abd El-Salam, 1991 and
Youssef et al, 2007).

The branch of whey proteins concentrate (WPC) is considered
the main whey derivative and at the same time, the ultrafiltration (UF)
technique offers almost the sole possibility of their concentration in
the native form, by which their utilization scope could be extended.
Whereas, several studies have been designed on their incorporation in
many dairy products involving processed cheese (Jelen & Yehya,
1981; El-Sayed, 1987; Gupta & Reuter, 1992a; Abd El-Salam et ai,
1996 and Al-Khamy et al, 1997).

The use of WPC in processed cheese leads to gain several
technological and economical advantages. The use of such cheap
ingredient namely WPC to replace the expensive cheese fat would
reduce the production cost of processed cheese and offer a feasible
way for WPC utilization. The high biological value of whey proteins
would elevate the nutritional value of processed cheese containing
WPC. Also the addition of WPC in processed cheese can modify the
functional properties of the product for variable uses. Several reports
showed the feasibility of WPC using in processed cheese and spreads
(Kairukshtene, 1970; Georgakis, 1975; Salem et al, 1987; El-Neshawy
et al, 1988 and Gab-Allah, 2004).

With that in view, the present study was aimed to experiment
the incoroporation of the UF-WPC into reduced fat processed cheese
spread (PCS) to find out to what extent it would maintain its attributes
and sensory acceptance with emphasis on the biological aspects.




140 UTILIZATION OF ULTRAFILTRATED WHEY PROTEIN

MATERIAL AND METHODS

Materials

Skim milk powder (SMP) made by Lactex in Poland, sweet
whey powder (SWP) made in Holland, butter (82.5% fat) made in
Denmark, mature Ras cheese made by Misr Milk, cooking salt
produced by El-Nasr Saline's Co. and Food Co. at Cairo, emulsifying
salt (So special) made by JOHA BK Giulini Ladonburg Corporation,
GmbH Germany, Simplesse 100® made by CPKeclo, Penrhyn Road,
Knowsley Business Park, Denmark and nisin (nisaplin) made by Aplin
& Barrettm Ltd., Yoevil, Somerst, England were obtained from the
local market at Cairo. Further, local brand of low fat (light) processed
cheese spread (PCS) was used as a commercial control. The
composition of dairy ingredients used is presented in Table (1).
2. Experimental procedures
Preparation of ultrafiltrated whey protein concentrate (UF-WPC)

Whey powder was firstly reconstituted at a rate of powder:
water of 1:8 at 40 -50°C. After 15 min at this temperature, the
reconstituted whey could be used whereas a complete hydration was
occurred as recommended by Nowstead et al (1979) and Fayed
(1986). Then, it was heated to 75°C for 15 sec, cold immediately to 5
°C and rewarmed to50°C at which the UF process was run as
recommended by Maubois et al, (1971) using a CARBOSEP UF-unit
(type 2S 37,France) with zirconium-oxide membrane area of 1.68 m*
to about 30% total solids at the Lab. of the Agriculture secondary
school at Giza. The composition of resultant UF-WPC is presented in
Table (1).

Table (1): Gross composition of commercial control light processed
cheese spread (PCS) and dairy ingredients.

Component | -o¢al Dairy ingredient
5 control SMP SWP Ras UF-
i PCS cheese WPC
Dry matter
(DM) 3635 | 9550 | 9656 | 69.70 29.80

Protein/DM | 3341 | 36.75 | 1242 52.87 60.03
Fat/DM 25.03 1.05 1.04 42 85 6.40
Lactose*/DM | 27.48 55.0 77.96 - 29.37
Ash/DM 14.08 7.20 8.58 4.28 4.20

SMP: Skim milk powder SWP: Sweet whey powder
UF-WPC: Ultrafiltrated whey protein concentrate *Calculated by difference
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Preparation of PCS with descending fat content

The basic blend of processed cheese spread (control) was
planned to contain 41% dry matter (DM) and 45% Fat/DM according
to EOSQ (2005) using mature Ras cheese and SMP, UF-WPC or the
mixture of both of them (1:1, on their dry basis) as additional source
of milk solids not fat (ASMSNF) for the experimental processed
cheese spread at suitable level as recommended by Meyer (1973).

Butter was used to complete fat content requirements. The
butter quantities were lowered proportionally to achieve the designed
reduction in the fat content to be 30 or 15% fat/DM (Table, 2). In the
blends of SMP alone as ASMSNF, Simplesse® was added to mimic
the fat on the base of 1% fat could be replaced by 0.1% Simplesse® .
Moreover , ascending level of emulsifying salt ( ES ) was added on
the base of 22.5g ES for each 100g protein providing that the
maximum ES level did not exceed the level (4%) permitted by EOSQ
( 2005 ) (Table, 2). Furthermore, 1.2% NaCl was added and the pH
value of all blends was adjusted to 5.7 as recommended by Meyer
(1973) using 10% citric acid or NaHCO; solutions. Level of 0.01% of
nisin (as preservative agent) was added. Also, the preparations of the
initial ingredients and cooking procedure were carried out as
described by Meyer (1973) at 85°C for 7 min. using a double jacket
pan with a batch capacity of 2.0 kg and stirring velocity of 120-140
r.p.m. Thereafter, the resultant cheese spreads were filled into glass
jars (200 g), airtightly closed and cold stored for analysis. Three
replicates were carried out for each treatment.

Table (2): The blend formulas (kg/ 100 kg) for processed cheese spread (PCS) as affected by both of
alternative fat substitution with ultrafiltrated whey protein concentrate (WPC) vis a vis
Simplesse® and the kind of the additive source of solids not fat (SNF).

PCS treatments

SNF source SMP WPC SMP/WPC (1:1)
Fat/DM% 45% 30% | 15% 45% 30% 15% | 45% | 30% | 15%
Ingredients :
Mature Ras cheese 193 193 19.3 19.3 19.3 193 19.3 193 19.3
{70% DM, 30% fat)

Butter (82% fat) 1491 [756 | -- 14.91 7.56 - |1a91 1 756 | -
SMP (96% DM} 1227 |1277] 228 - - - 585 | 891 | 119
WPC (30% DM) - - -- 35.8 550 | 755 | 18.7 | 285 | 38.1
Sait 12 12 12 1.2 1.2 12 1.2 12 [ 12
Emulsifying salt 25 287 | 36 36 4.0 40 | 305 [ 344 [ 38
Simplesse™ - 0.615| 123 - - - - - -
Nisin 0.01 001 [ 0.01 | 001l 001 | 001 | 001 | 001 | 001
Water 4981 [5067]51.8 | 2518 | 1293 | 0.0 | 3698 | 318 [25.69

DM: Dry mattet SMP: Skim mitk powder
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Analytical methods

Contents of dry matter, nitrogen, fat and ash were determined
as reported by AOAC (2000). The pH value was measured
electrometrically using Lab. pH meter with a glass electrode, Hanna
model 8417. Penetration value was measured as described by Bourne
(1982). Oil separation index was determined according to Thomas
(1973). Meltability was measured using the meltability test apparatus
as described by Olson and Price (1958) and modified by Savello et a/
(1989).

Biological assay was carried out as described by Schiller
(1960) and modified by Horszczaruk & Bock (1963)  using Albino
male rats weighing of 70-75g.

Ten different diets were previously prepared according to the
composition of the diet of Eggum (1973) for the 10 subjected
experimental animal groups. The parameters of the protein quality,
namely true digestibility (TD), biological value (BV) and net protein
utilization (NPU) for samples which evaluated biologically via the
corresponding 10 rats groups were calculated individually according
to Eggum (1973).

Organoleptic properties of processed cheese spread were
evaluated according to scheme of Meyer (1973). The obtained data
were statistically analyzed according to statistical analyses system
user’s guide (SAS, 1998).

RESULTS AND DISCUSSION

Chemical composition

The obtained results (Table 3) reveal that, the dry matter
content of any PCS was nearly the same regardless the kind of ASSNF
used. Although the absence of UF-WPC, the presence of Simplesse®
in the samples containing only SMP improved the water holding
capacity of resultant PCS against the moisture loss during the cooking
process step.

The fat content decreased in the PCS blends according to the
designed fat content. The ash content of PCS was raised significantly
as the fat content was decreased. However, the statistical analysis did
not detect any significant variation between SMP-samples and the
others in respect to the ash content criterion. It worthy to mention that
the commercial control PCS possessed dry matter content lower than
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treatments. While, all its components other than DM are in the normal
range of reduced fat PCS, (Table, 3).

Table (3): Chemical composition of processed cheese spread (PCS) as affected by both of alternative
fat substitution with ultrafiltrated whey protein concentrate (WPC) vis a vis Simplesse” and
the kind of the additive source of solids not fat (SNF).

SNF source PCS treatments Local

FatyDM% SMP WPC SMP/WPC (1:1)___| control
45% | 30% | 15% | 45% | 30% | 15% | 45% ] 30% | 15% | PCS

C°’3§fﬁ‘/°°““' 41.96™ | 41.77* [41.12°% 41,317 41.17* | 41.13% |41.97** | 41.43" |41.32°*| 36 35"

Protein % | 8.70°° | 10.60°° | 12.30°" |13.50™( 18.30°{ 23.40° | 1}.70*¢| 14.70*" |18.10"12.14°*
Fat% 18.90* | 12.60*° | 6.10™ {1850} 12.30*| 6.20°° |18.90™| 12,30 | 6.20™ | 9.0™™

Ash % 4.821°° | 5321™ 163217 5.173*|5.621°" | 5.633** | 5.017*| 5.513*" {5.837°|5.117*°

DM: Dry matter SMP: Skim milk powder
The letters before comma possess the factor of SNF sources. While those after conuna possesses the factor of designed
percentages of Fat/DM. The means with the same letter at any position did not significantly differ (P>0.05).

Physical properties

The penetration value of PCS was lowered and consequently
the firmness was raised as the fat content decreased. Moreover, the
use of UF-WPC as ASSNF yielded in a SIgmﬁcant strengthening in
the PCS firmness as reflected from the penetration values given in
Table (4).

Table (4): Physical properties of processed cheese spread (PCS) as affected by both of alternatlve fat
substitution with ultrafiltrated whey protein concentrate (WPC) vis a vis Slmplesse and the
kind of the additive source of solids not fat (SNF).

PCS treatments

SNF source Local f
Fat/DM% SMP WPC SMP/WPC (1:1) c%r)ctrso
45% | 30% | 15% | 45% | 30% | 15% | 45% | 30% | 15%
Penetration | 5) saa | 51120 | 19.0% | 19,050 | 18.5% | 17.0° | 20.0°% | 19.0°% | 19.0b¢ | 19.4%
(mm)
oil
separation | 72.0%° | 32.0%° | 7.0%° | 60.0° | 25.0°° | 5.0°° ] 15.0°* | 30.0°° | 5.0°° 11.0%2
index
M"l“;‘:‘“‘y 100°* | 90.0*° | 55.0° | 17,05 | 14.05° | 9.0°° | 23.0° | 17.0% | 13.0% | 15.0%°
DM:Dry matter SMP: Skim milk powder

The letters before comma possess the factor of SNF sources. While those after comma possess the factor
of designed percentages of Fat/DM. The means with the same letter at any position did not significantly
differ (P>0.05).

Concerning the oil separation index of PCS, it was
significantly associated with the proportional reduction in the cheese
fat content (Table 4). Likewise, the use of UF WPC improved the
emulsion stability as inversely indicated from the oil separation index.
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Regarding the meltability % of PCS, there was significant
reduction in this criterion positively related either to the fat content, or
SMP versus UF-WPC portion (Table, 4).

Organoleptic quality

The sensory scoring (Table 5) indicates that, with addition of
SMP solids the cheese appearance score was decreased as the cheese
fat content was lowered. The adjustment of cheese colour by adding
colouring agent might be needed. However, the appearance score was
significantly enhanced due to the use of UF-WPC whether in
participation with SMP or alone.

Although the reduction in the fat content led to significant
reduction in the PCS consistency score, the use of UF-WPC in
participation with SMP improved the PCS consistency as indicated
from the significant increase in the sensory score of cheese
consistency (Table 5).

Table (5): Organoleptic scores of processed cheese spread (PCS) as affected by both of aiternative
fat substitution with ultrafiltrated whey protein concentrate (WPC) vis a vis Simplesse® and
the kind of the additive source of solids not fat (SNF).

PCS treatments Local
SNF source ca
Fat/DM% SMP WPC SMP/WPC (1:1) ctl))nctrsol
45% 30% 15% 45% | 30% 15% | 45% | 30% { 15%
Property:
Appearance| 20> | 18%® | 165 | 20% | 20°® | 20™ | 20 | 20*® | 20°¢ 20>
(20)
Conazt)en‘:y 39b.a 25h.h 25b,: 37b,a 35b.b 3Ob‘c 3 Sa.a 3 8n,b 35a,: 39b.a
FI&\;)O)‘" 39¢2 3 7c,b 30°¢ 3 gb,a 3 Sb.b 3 Sb.c 36 38:1,1) 387¢ 37r.h
T():EOSOC)OTC 0geR soc.b 7166 95b,a 90b,b 8 Sb'c 9474 96“’ 93¢ 96“

DM: Dry matter SMP: Skim milk powder
The letters before comma possess the factor of SNF sources. While those after comma possesses the factor of designed
percentages of Fat/DM. The means with the same letter at any position did not significantly difter (P>0.05).

The cheese flavour which declined by lowering the fat content
(Table 5), was restored by adding UF-WPC in participation with SMP.

The overall sensory scores confirm the previous observations
regarding the different organoleptic attributes, where the score
decreased as the PCS fat content was lowered and increased when UF-
WPC was added especially in participation with SMP, (Table, 5).
Fayed (1986); Abd El-Salam et al (1996); Al-Khamy et al (1997) and
Abd El-Salam et al (2005) reported that the retention or incorporation
of whey protein into low- fat or skimmed-milk cheese plays, relatively
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a fat mimetic role recovering some of the fat deficiency and helps the
products to regain their smoothness, creaminess, palatability and
mouthfeel attributes. Likewise, Thapa & Gupta, (1990); (1992a & b);
(1996) and Gupta & Reuter (1990); (1992a & b); (1993) confirmed
that UF-WPC addition imparted milder flavour to the cheese foods
Nutritional aspects

Concerning the nutritional quality of PCS as indicated from
the biological parameters given in (Table, 6), it could .be noticed that
the TD and BV% of PCS was significantly (P<0.001) improved
whether by reducing the fat content or/and UF-WPC utilization.
Forsum & Hambraneous (1977) and Tolboe (1982) reported that the
TD of WPCs has been found to be 97-100%. Another reason could be
attributed to the relatively low lactose content in UF-WPC versus
SMP, (Table, 2). Forsum (1975 a & b) declared that, the TD%
decreases with increased dietary lactose content. Moreover, Buchhein
et al (1986 & 1988) reported that if the casein/ whey protein ratio is
changed from 80: 20 that found in normal case to 40: 60 by adding
WPC, the protein shows a different coagulation behaviour in the
stomach: because of the reduced proportion of casein the formation of
a very firm and only slowly decomposable coagulum is inhibited and
the passage of the milk through the stomach is markedly enhanced.
Renner (1983) and Renner & Abd El-Salam (1991) reported that the
BV% of whey protein is 104 higher than even the standard protein
(egg protein), however, the combination of whey protein and casein
produces a dispropotionate increase in the nutritional value.

Table (6): Nutritional protein properties of processed cheese spread (PCS) as affected by both of
alternative fat substitution with ultrafiltrated whey protein concentrate (WPC) vis a vis
Simplesseao and the kind of the additive source of solids not fat (SNF).

PCS treatments
SNF source Local
SMP WPC SMP/WPC (1:1) control
PCS

Fat/DM% { 45% | 30% 15% 45% 30% 15% 45% 30% 15%

TD% ]92.12°°192.84°%) 94.21°* | 94.91*" {98.06" | 99.18*" 19539 | 95.77°% | 96.12°* | 93.64°*
BV% [71.35°|74.81°°| 80.01°° | 78.99* [ 86.01*" | 92.19*° {78.65" | 80.79"® | 85.99° | 77.14%¢

NPU % |65.73°°|69.48]75.43% | 74.97°¢ | 8437 | 91.43** 1 75.025¢| 77.37°% | 82.65* | 72.23%*

DM: Dry matter SMP: Skim milk powder

TD: True digestibitity BV: Biological value NPU: Net protein utilization

The letters before comma possess the factor of SNF sources. While those after comma possesses the factor of designed
percentages of Fat/DM. The means with the same letter at any position did not significantly differ (P>0.05).
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Logically, the NPU% (Table 6), which was the multiplication
yield of both TD x BV was also increased as the fat content decreased
and/or as the portion of UF-WPC in PCS raised. Similar trends were
reported by Youssef et al (2007) towareds yoghurt fortified with
WPC.

As a conclusion, UF-WPC could be successfully used as
ASSNF whether alone or in participation with SMP in reduced fat
PCS making for recovering the fat deficiency and improving the
sensory and nutritional quality.
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