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ABSTRACT

Half fat processed cheese spreads (10 g fat/100g) were prepared using
blends with or without addition of 0.5 g/100g of particulated whey protein concentrates
(PWPC), Simplesse®100 and whey protein concentrate (WPC). Also, full — fat
processed cheese spread (20 g fat /100g) was prepared. Six groups of albino rats (8
animals each) were fed processed cheese spreads from different treatments and
control on a basal diet for six weeks. The profile of blood serum lipids (total lipids,
triglycerides, total cholesterol, HDL and atherogenic index) was determined in animals
at the end of the experiment. The mean values of serum total cholesterol and
triglycerides for the group fed processed cheese with PWPC were significantly lower
than that of full fat and low fat groups. The atherogenic index [(total cholesterol — high
density lipoprotein cholesterol)/high-density lipoprotein cholesterol] for the low fat
group decreased significantly from 2.22 to 1.48 (P < 0.05) and 1.14 for low fat
supplemented with PWPC group. The present study suggests that whey protein
preparations had a lowering effect of blood lipids with PWPC being more effective.
Keywords: blood lipid, processed cheese, whey protein concentrate, particulate.

INTRODUCTION

Dietary fats are known to play an important role in Cardiovascular
disease risk (Hu,Manson, & Willett, 2001). Arteriosclerosis progresses with
age, it seems possible to delay and prevent its development through the
improvement of diet.

In recently year' consumer demand for healthy and nutritionally balanced
products has in especially food containing low fat, salt, and cholesterol levels,
has increased (Shepherd & Stakley, 1987; Lambert, 1991).

Milk fat plays essential roles in the organoleptic and functional
properties in dairy products (De Roose, 1997). Reducing fat content in
cheese may exhibit undesirable lack of flavor and development of a firm
rubbery texture (Anderson & Mistry, 1994). Also reduction of fat content
changes cheese characteristics, resulting in a much harder and less smooth
texture (Fusarpoli, 1989).

The use of fat replacers in cheese (Kebary et al., 1998 & Hussein,
2000) as keeps the same functional and sensory properties as full fat
cheeses has attracted great attention in past few years. Fat repracers can be
classified into two categoriesnamely; microparticulated materials based on
proteins (protein-based fat replacer) or that based on carbohydrate
(carbohydrate-based fat replacer) (Huy ghebaert et al., 1996).

Fat replacers based on whey proteins have distinctive properties
which allow them to act in foods in a manner similar to that of fat globules.



Saleh, Zeinab A. et al.

These substitutes withstand interactions between particles (which suggests
that their surface structure is similar to that of emulsified fat), and they
interact with mouth surfaces to generate a sense of fatty substance.

Many epidemiological studies indicated that cheese consumption
may have a protective role in various disease states (Roupas, 2001). Also,
there is evidence that dairy foods as a source of fat and protein in the diet
may not be associated with increased expression of heart disease, but the
opposite (Ness et al.,, 2001; Sjogren et al., 2004). Recent studies has
suggested that cheese is different, even from butter, in its influence on the
serum cholesterol in humans, having minimal effects on plasma lipid profiles
(Biong, et al., 2004).

Whey protein concentrate (WPC) is a food ingredient, generated from
the processing of the cheese whey. Increased consumption and application
of WPC has positive impacts on the dairy industry. WPC is a low-cost source
of protein of a high nutritional value, which can be used in several foods such
as drinks, baked goods and meat products. Sautier et al. (1983) reported that
WPC has a high serum cholesterol lowering action as soybean protein in
animal experiments. Nagaoka et al. (1992) also reported that the serum
cholesterol lowering action of WPC is more powerful than that of soybean
protein in several animal experiments. Nagaoka (1996) described (-
lactoglobulin inhibited cholesterol absorption through changes of micellar
cholesterol solubility in the intestine, accompanied by an increase of fecal
steroid excretion. Inclusion of WPC in processed cheese spread has been
successful in developing low fat processed cheese spread (El-Shibiny et al.,
2007). However the effect of these additives on the nutritional quality of the
products has not been studied has so far been restricted to animal models,
mainly rats. The objective of this study was to investigate the effect of
processed cheese supplemented with PWPC, WPC or Simplesse®100 on
the plasma lipids profile in rats.

MATERIALS AND METHODS

Materials:
1-Ripened Ras cheese, obtained from Cairo market. The cheese was
selected by the characteristic flavour of fully ripened Ras cheese.
2-Simplesse®100 obtained from Kelco Biopolymers (Dorset House, Regent
Park, Kingston Road, Leatherhead, UK)
3-Whey protein concentrate (WPC), was obtained from local market
imported by El-Sayed Awad Al-Amreety Co. (Cairo) from VRS Foods Ltd.
4-Joha S4, SE and S9 emulsifying salts (BK Giulini Chemie GmbH,
Landenburg, Germaby) was obtained from the local market.
5-Sweet curd, prepared by rennet coagulation of ultrafiltered skimmed milk
retentate .
Preparation of whey protein/carrageenan particulate
Whey from Emmental-type cheese (pH 6.2-6.3) was obtained from
Arab Dairy Co. (Kaha, Kaliubiea, Egypt). Whey was strained through cheese
cloth to remove cheese fines and other suspended materials, and the fat was
separated using Alfa Laval cream separator 107A, 450L/h. The defatted whey
was then ultrafitered using carbosep laboratory unit (SFEC, France)
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equipped with 0.7 m?2 inorganic zirconium oxide membrane (molecular cut off
50,000). Ultrafiltration was carried out in a batch mode at 40°C and 0.5 and
0.3 MPa inlet and outlet pressure, respectively. Ultrafiltration was continued
to concentration factor x8. The retentate was washed using tab water
(amount 4x the retentate volume) and then re-concentrated up to total solids
18 %. The obtained retentate was used in the preparation of particulate whey
protein/carrageenan concentrate (PWPC).

The method of EI-Sheikh et al (2001) for the preparation of whey
protein particulate was adopted with some modifications as follows: (a)
sodium carrageenan was added to the whey retentate at the rate of 0.1 g 100
g? (w/w). The pH was adjusted to pH 5 using 6N HCI. (b) the whey retentate
containing the carrageenan was heated at 85°C for 30 min, and then
homogenized at 60°C using 2 stage laboratory homogenizer (Rannie,
Copenhagen) at 20 and 5MPa for the 15t and 2" stage, respectively, and (c)
the homogenized retentate/carrageenan mixture was then centrifuged at
5000 xg for 10 min. The precipitate was considered as a particulate whey
proteins/carrageenan concentrate (PWPC). The compositional data (w/w) of
the PWPC was 12.1 % total solids, 6.72 % protein, 0.79 % ash and 4.59 %
carbohydrate.
Manufacture of processed cheese spreads

The amount of ingredients for manufacture of processed cheese
spreads were calculated in order to fulfill the legal standard specification of
the final product i.e full-fat (~45%) and low-fat (~20%) fat/dry matter (F/DM).
The ingredients were mixed, placed in the processing kettle (Stephans
Universal machine, Switzerland) of 2.5 kg capacity and then heated by direct
steam up to 90°C with continuous mixing at 1400 rpm for 5 min. Heating was
discontinued, the hot melted cheese was packaged manually in plastic
leaded tops and stored at 5°C until analyzed and used for feeding rats. All the
calculated ingredients were shown in Table 1
Chemical analysis

Fat, moisture and total nitrogen (TN) were determined according to
the methods described by International Dairy Federation (IDF), 1991a, British
Standard Institute (BSI), 1986a, and AOAC, respectively. All the results were
average of three replicates.

Table (1) Formulation of ingredients (g) used in the preparation of full
and low fat processed cheese spreads (1kg) used for rats
feeding experiments.

. Full fat | Half fat PWPC* Simplesse® 100 WPC

Raw materials
cheese | cheese cheese cheese cheese

Ras cheese 463.45 286.9 292.86 295.66 295.66
Retentate sweet curd 331.06 507.6 519.42 524.39 524.39
Emulsifier Salt 28.92 28.9 29.63 29.9 29.9
PWPC _ _ 85.82 . -
Simplesse® 100 4.12
WPC B B B - 4.12
IAdded Water(ml) 88.28 88.3 _ 73.00 73.00
Condensed Water (ml) 88.28 88.3 72.26 73.00 73.00

*PWPC: particulate whey protein concentrates
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Animal feeding experiments:

Forty-tow male albino rats with an average weight of 100 g were
obtained from the Animal House of the National Research Center. All animals
were housed individually in stainless steel cages and fed on a basal diet for
one week, and then divided randomly into six groups each of seven rats.
Each of these groups was allocated to one of six American Institute of
Nutrition (AIN-93)-based rodent diets as shown in Table 2. One group
received a basal diet (cholesterol-free diet) and served as a control group.
The other five groups were fed on the basal diet with cholesterol added at a
level of 1.0% (w/w) (cholesterol-enriched diet) and supplemented with one of
the following type of processed cheese: Full fat, half fat, half fat + 0.5%
PWPC, half fat + 0.5% Simplesse® 100 and half fat + 0.5% WPC.

All diets were balanced to contain 12.0% protein, and 5% fat except
the full fat cheese diet (10%) (diet No.2), with adequate vitamins and minerals
provided by the AIN-93 formulation (Reeves, 1993) taking into account the
moisture content of cheese. The diets were prepared and stored frozen for
the duration of the experiment (6 weeks). The experimental diets given to the
six groups are described in table (2).

Table 2. Composition of the experimental diets.

Diet component (%) Diet1 Diet2 Diet 3 Diet 4 Diet 5 Diet 6
Cheese? 0 50 50 50 50 50
Casein® 15 6.21 8 6.54 7.44 7.05
Sucrose 10 10 10 10 10 10
Sunflower oil 5 0 0 0 0 0
Butter fat 0 0 0 0 0 0
IAIN-93 minerals 3.5 3.5 3.5 3.5 3.5 35
IAIN-93 vitamins 1 1 1 1 1 1
Fibre (a-cellulose) 2 2 2 2 2 2
L-cystine 0.18 0.18 0.18 0.18 0.18 0.18
Cholesterol powder 0 1 1 1 1 1
Cholic acid 0 0.2 0.2 0.2 0.2 0.2
Choline bitartrate 0.25 0.25 0.25 0.25 0.25 0.25
Cornstarch 63.07 54.61 58.31 58.08 58.02 58.58

2 Cheese was analyzed to be 42.11, 34.49, 31.12, 32.48, and 32.83% total solid, 14.05, 11.21,
13.55, 12.71, and 12.09% protein (N_6.38, IDF recommended conversion factor for milk
proteins), 20, 12, 12, 12, and 12% fat.

PCasein was analyzed to be 80.0% protein (N_6.38).

Experimental diets and water were fed ad-libitum and feed intakes
were recorded, body weights were measured weekly, and food intake was
measured twice weekly. Feed efficiency ratios of the different diets were
calculated as the Gain in body weight (g)/ Feed intake (g) according to Smith
and Circle (1971).

At the end of the experiment rats were fasted over night and blood
samples were collected in heparinized tubes under slight diethyl ether
anesthesia by open heart puncture, and centrifuged at 3000 rpm for 15 min.
The plasma was aliquoted and stored at -20 °C until used for analysis.
Plasma analyses:

Total plasma cholesterol was determined according to Richmond
[1973], plasma high-density lipoprotein (HDL) Cholesterol by Lopes-Virella
[1977] and triglycerides by Fossati & Prinicip [1982]. The VLDL+LDL was
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calculated as follows: VLDL+LDL cholesterol=total cholesterol-HDL
cholesterol. The atherogenic index was calculated as follows:

Atherogenic index = (Total cholesterol — high density lipoprotein cholesterol)/
high density lipoprotein cholesterol.

Statistical analysis:

Results are expressed as means + standard errors of means (SEM).
Comparison between the means (of diet effects) was accomplished using a
one-way ANOVA, followed by Duncan Multiple Range Tests for all variables
(Duncan 1955). Differences between groups were considered significant at
p< 0.05.

RESULTS

Body weights and feed intake:

There was no difference in body weights of rats from the different
groups during the experimental period of 6 weeks as shown in table (3). Food
intake was slightly higher for groups 3-6, which fed on diets supplemented
with low fat cheese than for the control and full fat cheese supplemented
groups, which were not different from each other. This increased feed intake
probably reflected palatability of the low fat cheese diet. While the rats on the
low fat cheese diet had a higher intake, there was no effect on body weight
and feed efficiency ratio.

Table 3: Food intake, body weight gain and food efficiency ratio of rats
on different groups *

Experimental group
Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6
Food intake,19.37+0.52 ¢19.43+0.28 21.0+0.69 22 20.6+0.27 220.0+0.68 % 21.3+0.56 2°
Weight gain3.61+0.312 3.67+0.162 3.76+0.182 3.61+0.102 3.54+0.142 3.77+0.152
FER 0.186+0.0110.191+0.00€0.180+0.0070.177+0.0040.176+0.0060.181+0.007
" Data are presented as means and standard errors of the means (n = 7).
Different superscripts at the same row means significant (p<0.05)

Plasma assays:

Plasma triglycerides from fasted rats were significantly higher in the
full fat cheese diet No. 2 as compared with other diets (P<0.01), as shown in
table 4. Plasma cholesterol was lower in half fat diets 3-6 than diet 2 (full fat)
(P<0.05). The concentration of plasma cholesterol was significantly reduced
from 106.6 mg/100 mL in the group 2 to a mean value of 84.2mg/100 mL in
rats fed diet 3 (half fat) and 77.6mg/100 mL in group 4 (PWPC group). This
decrease corresponds to a 21% and 27.2%, respectively. However there was
no significant difference in the level of plasma total cholesterol detected
between the half fat diet and those supplemented with the different types of
whey protein (Table 4). The diet supplemented with PWPC was more
effective in reducing plasma cholesterol than the corresponding diet
supplemented with Simplesse®100 or WPC. There was no significant
difference in the plasma HDLcholesterol level between the negative control
group and other experimental groups at the end of the 6-week experimental
period.

Rats fed on low fat, PWPC, Simplesse®100 or WPC diet had
significantly lower plasma VLDL+LDL-cholesterol level than rats fed on the
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full fat diet. The PWPC diet was more effective in lowering plasma
VLDL+LDL-cholesterol levels than the other two types of whey protein diets
(Table 4).

The data in table 4 indicate that feeding low fat cheese decreased
significantly the values of atherosclerotic index of rats by 33.3%, 48.6%,
34.2% and 34.2%, respectively for the four groups, below that in rats fed the
full fat cheese. For rats fed on cholesterol-enriched diets and supplemented
with PWPC diet was more effective in reducing the atherosclerotic index.

The total lipids was significantly reduced from 378 mg/100 mL in rats
fed the full fat cheese to a mean value of 293 mg/100 mL in rats fed the low
fat cheese and to a mean value of 276, 282 and 296 mg 100/mL in PWPC,
Simplesse®100 and WPC groups respectively. On the other hand, there was
no significant difference in the plasma total lipids detected between the half
fat or half fat supplemented groups and the normal control. (Table 4).

Table 4: Levels of plasma lipids in rats fed on different diets for six

weeks”
Parameters
Diets  Triglyceride T.Cholesterol HDL  VLDL+LDL Atherogenic Total Lipids
(mg/dl) (mg/dl) (mg/dl) (mg/dl) index (mg/dl)

Diet 1 56.9+1.6 3P 62.1+4.62 37.442.92 24.7+2.65* 0.68+0.072% 252+29.82
Diet 2 73.3t3.5°¢ 106.6+4.8° 33.5+2.22  73.1#3.15¢ 2.22+0.12°¢ 378+24.3°
Diet 3 64.9+4.2 ¢ 84.2+5.5° 35.3+4.42 48.9+2.21° 1.48+0.14° 293+18.92
Diet 4 48.5+3.2° 77.6£4.6° 37.6#4.22 40.0£2.67° 1.14#0.13®> 276+27.5%
Diet5  55.9+5.33P 82.1+4.7° 33.9+2.72  48.2+2.84° 1.46+0.09° 282+22.92
Diet6  57.7+4.23° 85.7+2.8° 33.7+2.5% 52.0+1.54° 1.46+0.09° 296+19.72
‘Data are means + SE, n = 7.

Different superscripts at the same column means significant (p<0.05)

DISCUSSION

Although the amount of food intake was higher for rats fed the half fat
cheese diet, it had no significant impact on body weight gain relative to
groups on other diets. This may have reflected the relative short time of the
feeding study. Rats fed the diet containing cheese supplemented with
Simplesse®100 showed a trend (statistically significant) to less but not
significant body weight gain per day than in rats fed the other diets.

The plasma cholesterol and triglyceride concentrations are
significantly lower in rats on half fat cheese diets than in those on full fat
cheese. When VLDL+LDL -cholesterol level of different groups were
compared, there was also a significant increase value of the group on full fat
cheese diet relative to the basal diet-fed rats and those fed the half fat
cheese diets. It may be concluded from this result that half fat cheese is a
hypocholesterolemic agent relative to the full fat cheese.

In the present study, the results of these animal experiments
suggested that the improvement of plasma lipid resulted mainly from the
combination of half fat cheese and whey protein. Sautier et al. (1983) and
Nagaoka et al. (1992) have reported the hypocholesterolemic activity of
WPC. Kawase et al. (2000) also confirmed that WPC reduced the serum total
cholesterol value and was dose-dependent. However, the amount of WPC
added to the half fat cheese was limited.
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The plasma cholesterol-reducing effect of whey protein containing
cheese could not be proved statistically in comparison to half fat cheese. This
seemed to be attributed to the low amount of whey protein.

HDL is related to the transport of extra cholesterol from the organs,
and its increase is effective in the prevention of arteriosclerosis. Although the
total cholesterol level for the half fat cheese groups decreased, the change of
HDL was not statistically significant (P > 0.05). However, the atherogenic
index for the half fat cheese groups significantly decreased (P < 0.05). This
diet effect is consistent with some reported observations in humans (Biong et
al., 2004). Sjogren et al. (2004) have recently shown a more favourable LDL
particle size distribution, predictive of reduced cardiovascular risk, in healthy
men consuming dairy foods.

Thus, we conclude that it is possible to manufacture half fat
processed cheese supplemented with WPC having a lipid improvement effect
on humans as well as animals. These results indicate the potential of
development of plasma fat processed cheese with therapeutic effects.

Conclusions:

This study has demonstrated that the inclusion of half fat processed
cheese (with or without whey protein) in the diet of rats fed a cholesterol-
enriched diet had a marked affect on the levels of plasma lipids. The addition
of PWPC to the Low fat processed cheese was more effective in reducing the
level of plasma cholesterol. These hypocholesterolaemic effects of half fat
cheese containing PWPC, which have been demonstrated in the rats in the
present study, could make an effective and economic contribution in
preventing hypercholesterolaemia, if these effects could be confirmed in
human volunteers.
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