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ABSTRACT

Traditional emulsifying salts used in processed cheesemaking contain high concentrations of sodium and
phosphorus, which may represent a health threat to some individuals, especially those with chronic kidney and
liver diseases. Therefore, it is urgent to search for safe alternatives to commercial phosphate-containing
emulsifiers to be used in the manufacture of low-phosphorus processed cheese spread (LP-PCS). Thereby, the
present study was undertaken to
- Produce low-phosphorus processed cheese spread using natural alternatives to phosphate emulsifying salts,

and

- Evaluate the effect of administrating low-phosphorus processed cheese spread on renal and liver functions
and kidney histopathological examination in diclofenac (DF)-treated rats.

This study compromised of 3 sets of experiments as follows:

1-Selection of suitable concentrations for some alternatives to emulsifying salts containing phosphorous,

2-Effect of selected concentrations of alternatives to emulsifying salts containing phosphorous on the overall
quality of LP-PCS, and

3-In vivo evaluation of processed cheese spreads on liver and renal functions.

First set: Selection of suitable concentrations for some alternatives to emulsifying salts containing

phosphorous

Milk protein concentrate (MPC), milk fat globule membrane (MFGM), plant polysaccharides (PP,
extracted from Jew’s-mallow stems) and sodium citrate (CIT) were examined as possible replacers for
commercial emulsifier salts used commonly in processed cheese spread production. Twenty blends of
processed cheese spreads with different replacement ratios of commercial emulsifier salts (20, 40, 60, 80 and
100%) with each replacer were formulated and subjected to gross chemical composition and sensory
assessments.

Results revealed that:

- The pH values decreased slightly (P < 0.05) with an increase in the replacement ratios of emulsifier
replacers in all treatments compared to the control, where the values ranged from 5.60 to 5.71.

- Fat contents in samples emulsified with MFGM and MPC were higher (P < 0.05) compared with that of
control cheese. The increment in fat content was relative to the ratio of replacement of commercial
emulsifier. However, no significant changes in fat content found among cheese samples emulsified with PP
and CIT, in comparison to control cheese.

- Fat/dry matter ratio decreased (P < 0.05) as the replacement ratio of commercial emulsifier increased, except
for cheeses emulsified with sodium citrate, which was similar to the control cheese. Replacement of
commercial emulsifier with PP had the highest reduction in the fat/dry matter ratio, followed by cheeses
fully emulsified (100%) with MPC or MFGM.

- There were no significant changes in the salt content among cheeses.

- For sensory assessments, results revealed that cheese samples in which commercial emulsifier replaced
entirely with MFGM or CIT or up to 80% with MPC or with 60% PP had final scores in all sensorial
attributes.

Second set: Effect of selected concentrations of alternatives to emulsifying salts containing phosphorous

on the overall quality of LP-PCS

Based on results obtained in the first set of experiments, replacement ratios of commercial emulsifier with
100, 100, 80 and 60% of MFGM, CIT, MPC and PP were selected for the second set of experiments. Thus,
four cheeses with low-phosphorus content, in addition to control cheese emulsified with commercial emulsifier
salts, were manufactured as follows
CONT-cheese: standard cheese formulated with 1.5% commercial emulsifier salts
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PP-cheese: cheese in which 60% of commercial emulsifier salts was replaced with polysaccharides extracted

from Jew’s-mallow stems,

MFGM-cheese: cheese in which commercial emulsifier salts was entirely replaced 100% with milk fat globule

membraned extracted from sweet buttermilk

MPC-cheese: cheese in which 80% of commercial emulsifier salts was replaced with 100% milk protein

concentrate, and

CIT-cheese: cheese in which commercial emulsifier salts was entirely replaced with sodium citrate.

The resultant cheeses were stored at 6x£1°C for 6 months and samples were taken at 2 month intervals for

chemical, microbiological and sensory assessments.

The results revealed that

- There were no significant differences (P > 0.05) in pH values among experimental cheeses, including the
control.

- Fat content increased significantly (P < 0.05) in cheeses emulsified with MFGM or MPC.

- The dry matter content increased significantly in all cheeses. The highest dry matter content was recorded
in MPC-cheese (P < 0.05).

- No significant differences (P > 0.05) in the salt content were observed among cheeses.

- The protein content was significantly increased (P < 0.05) in cheeses emulsified with MFGM or MPC.

- The substitution of commercial emulsifying salts had a significant effect on the mineral content of
processed cheese spread depending on the type of the replacer.

- The actual phosphorus content reduced by 27, 57, 61, and 50% in PP-, MFGM-, MPC- and CIT- cheeses,
respectively.

- The replacement with PP and MFGM led to a significant increase in Ca, Mg, and K and a reduction in Na
in the final cheese compared with control cheese.

- The replacement of commercial phosphate emulsifier with PP, MFGM, MPC and CIT led to significant
decreases (P < 0.05) in the values for oiling off compared to control cheese.

- Replacement of commercial emulsifier with PP, MFGM, or MPC resulted in significant increases in the
viscosity compared with control cheese. Throughout storage, the viscosity values in different cheeses
were in the order PP- > MPC- >MFGM- CIT-cheese, respectively.

- Replacement of commercial emulsifier with PP, MFGM, MPC or CIT did not affect the microbiological
quality of processed cheese spreads.

- The overall acceptability was affected (P < 0.05) by the replacement of commercial emulsifier. Cheese
emulsified with MFGM had the highest (P < 0.05) acceptability throughout the storage period.

Third set: In vivo evaluation of processed cheese spreads on liver and renal functions
This set of experiment was undertaken to evaluate the effect of administrating LP-PCS on renal and liver

functions in rats with chronic liver and kidney disease. Briefly, hepato-renal chronic disease in rats was

induced via intra-gastric administration of diclofenac (DF). Animals were randomly assigned to seven
experimental groups of 10 rats each and were subjected to the following groups:

G-1: Untreated animals used as a control group,

G-2: Animals administrated 2 g CONT-cheese/day by gavage,

G-3: Animals administrated 2 g PP-cheese/day by gavage,

G-4: Animals administrated 2 g MFGM-cheese/day by gavage,

G-5: Animals administrated 2 g MPC-cheese/day by gavage,

G-6: Animals administrated 2 g CIT-cheese/day by gavage, and

G-7: Animals administrated a solution of phosphate salts (0.003g/day) by gavage.

After 8 weeks of experiment, animals were fasted for an overnight, lightly anaesthetized, and sacrificed.
Organs were immediately removed, washed twice with saline solution, weighed. Kidneys were subjected
directly to histological analysis. Blood samples were centrifuged to separate sera which subjected to different
biochemical assays.

The results indicated that:

- The levels of urea and creatinine in blood samples of normal animals increased from 22 and 0.40 mg/dl,

respectively, to 46 and 1.1 mg/dl in blood samples collected from DF-treated animals.
- The body gain weight of DF-treated animals were significantly (P < 0.05) lower compared with normal rats.
- The body gain weight of DF-treated animals belonged to G3, G4 and G5 increased significant (P < 0.05)
compared with animals subjected to G-2. Animals administrated CIT-cheese (G-6) had gain weight lower (P
> 0.05) compared with animals in G-2.

- Compared with normal control group (G-1) DF treated groups (G2-G7) had significantly (P < 0.05) increase
in the relative weight of different organs (kidney, liver, heart, testicles and spleen) depending on the type of
administrated cheeses.
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Animals administrated PP- or MFGM-cheeses appeared to have organs relative weight better than those
received cheese with CIT or MPC. This may indicate the beneficial effect of Jew’s-mallow
polysaccharides and MFGM to reduce the complications associated with DF treatment.

- The chronic renal damage induced by DF treatment in rats continued during the entire experimental period.
This harmful defect was remarkable particularly in animals subjected to treatments G-2 and G-7.

Administration of processed cheeses resulted in variable amelioration rates of renal function depending on
the type of added replacer to the commercial emulsifier. Cheese with MFGM (G-4) had the highest rate to
restore kidney function, followed by cheeses with plant polysaccharides (G-3), MPC (G-5) and sodium
citrate (G-6), respectively.

- DF-treatment appeared to disturb serum mineral homeostasis in rats and resulted in significant (P < 0.05)
increase in P, Na and K and lower concentration of Ca compared with the normal control group (G-1).
DF-treated animals subjected to groups G-3 and G-4 had mineral homeostasis very close to that of G1.

- Concerning hepatic function, DF treatment led to significant reduction in total protein in plasma, in addition
to increases in of total bilirubin and lipids and alkaline phosphatase activity compared with untreated
animals. Animals administrated PP- or MFGM-cheese had the lowest (P < 0.05) levels in bilirubin,
among DF-treated groups. Serum alkaline phosphatase activity in animal group administrated MFGM-
cheese was significantly lower than that determined in control animal.

Concerning hepatic antioxidant status, DF treatment appeared to decrease (p < 0.05) activity of glutathione
peroxidase and superoxide dismutase in plasma compared with control animals. The activities of
glutathione peroxidase and superoxide dismutase improved (p < 0.05) in DF-treated animals subjected to
groups G-3 and G-4.

Concerning renal histopathological examination, kidney sections from normal control (G-1) showed normal
glomerulus and tubules with usual morphology. The renal corpuscles in DF-treated animals appeared
distorted with hyper-infiltration of the glomerulus. Also, the formation of intensive mesangial matrix and
widespread of necrosis of the renal tubules could be detected easily. Kidney sections from animals
administrated PP- or MFGM-cheese had almost the same histological structural and functional integrity to
the same extent as that of the normal control group. This might prove the ability of MFGM and PP to
restore renal function in DF-treated animals.

The results presented herein indicated that MFGM and polysaccharides extracted from Jew’s-mallow
stems could support the formation of stable emulsion and prevent fat separation. Both materials could
successfully be used to replace, at least partially, commercial phosphorus—containing emulsifiers, which may
consider as health threat for some individuals particularly those with hepato-renal problems. In addition to
their technological potential MFGM and polysaccharides extracted from Jew’s-mallow could confer health
benefits, as both can restore damage in liver and kidney functions induced by DF to the normal levels.
Eventually, this study recommends the use of MFGM and polysaccharides extracted from Jew’s-mallow as
safer alternatives to commercial.
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