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SUMMARY

reservatives boost food safety and expiration date by restricting microorganisms. It is

considered xenobiotic; metabolism happens within the liver and may cause tissues

inflammation and potential risk factors in the evolution of the various chronic
ailments. This study was objective to inspect the effect of apple juice containing sodium
benzoate (SB) after storage for 2 and 4 months within sunlight on rats' livers. In three storage
stages: the juice containing SB was estimated by high-performance liquid chromatography
(HPLC) to limit SB value. Ninety white male rats were distributed to three collections (10
rats/set): Normal, SB solution, and juice containing SB during the three storage stages for
month/ stage. The biological evaluation like feed intake (FI) and rats' growth, biochemical
factors “liver functions”, biomarker oxidation in liver tissue such as glutathione reductase
GSH and Malondialdehyde MDA, the liver histological examination were evaluated. The
results were indicated that in the three storage stages, the Fl and growth rates were
significantly elevated within G2 compared to the healthy rats G1. Set 2 has the highest liver
enzymes values during the assorted stages. The healthy group had the highest GSH and the
lowest MDA value all period. The conclusion: SB has harmed the rats’ livers in both groups,
chemical solution SB and juice containing SB via the oxidation condition and liver enzymes.
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INTRODUCTION

Food preservatives imp-
rove the taste and texture of food
by keeping its flavor and
preventing it from spoiling (Helal
etal., 2019). Naturals or chemicals
preservatives substances can be
used, the latest being the most
successful in preserving foods for
extended periods (Pongsavee,
2015). Koca and Karakahya
(2016) reported that SB is a
preservative present in foods
having a pH below seven like salad
sauce, juices, soft drinks, and jam,
as well as appetizers. SB can
inhibit the growth of fungi and
bacteria and suppress the increased
microbes, which causes food
deterioration (Pongsavee, 2015).

SB is widely used in
numerous industries because of
this property, and it is an essential
component of food, medicinal and
cosmetic products (Mohamed and
Saleh, 2019). SB affects the good
physical condition of long-term
consumers even at  small
concentrations and can cause
headache, queasiness, vomit,
inflammation of the mucous
membrane of the nose, acute
allergic, and excessively active in
children. Induced injury at the

molecular  level, such as
chromosomal damage for the liver,
is also possible (Saatci et al.,
2016). SB is aromatic components
that are carcinogenic. It is digested
with  microorganisms’  output
energetic chemicals that interact
with deoxyribonucleic acid (DNA)
and change cell style (Gallo and
colleagues 2020). SB can also
affect  alterations in  gene
expression by generating free
radicals (Khan et al., 2020). The
liver is the essential organ for
several metabolic and detoxifying
responses. It is critical to keep
researching the negative impacts
sodium benzoate may have on this
main organ.

The goal of this study was
to see how SB administration affect
hepatic biologically and bio-
chemically.

MATERIALS AND METHODS

Materials:

The chemicals and Kits
were obtained from EI-Gomhorya
Company for chemicals and drugs,
Cairo, Egypt. Juice apple with
preservative SB and corn oil
required for preparing
experimental diets purchased from
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local-market, Cairo, Egypt.
Experimental animals:  Ninety
healthy adult male white rats
"Sprague Dawley strain™ were
purchased from vaccine and
immunity organization Helwan
Farm, Cairo, Egypt. Standard diet
was prepared according to Reeves
et al., (1993).

Methods:
Storage of Juice:
Apple juice containing SB

was exposed to sunlight for 2 and 4
months. Chemical analysis

Estimate of SB in apple juice
at zero time and after two, 4
months storage within sunlight by
HPLC according to Astuti et al.,
(2019).  In that study, High-
Performance Liquid Chroma-
tography (HPLC) method utilizing
a Photodiode-Array  Detection
(PAD) detector was used for
sodium benzoate levels analysis in
fruit juice drinks. The mobile phase
composition was methanol pro-
HPLC: aqua pro admission (70:30)
and added glacial acetic acid to
reach pH 3. The analysis was
conducted at a wavelength of 245
nm, and the flow rate was set at
1.00 mL/minute.

Biological experiment

Ninety healthy adult male
white rats "Sprague Dawley strain™
confine single wire cages with wire
bottoms under hygienic conditions.
The diet was introduced to the rats
in special food containers that
avoid  scattering of  food.
Additionally, water was provided
to the rats by glass tube projection
through the wire cages. Food and
water were provided ad-libitum
checked two times/week, and
approved by the experimental
animal unit in National Nutrition
Institute.

Experimental design

The experiment was conducted
in three stages of storage as
follow:

e The first group (10 rats/
stage) received a basal diet
with oral 5ml, 6.86, and 7.7
distilled water / week,
respectively / stage as a
negative control group.

e The second group (10 rats/
stage) fed standard diet
with oral 5, 6.86 and 7.7 ml
chemical SB solution /
week respectively / stages
concent-rate equal to that
juice at zero time (1st
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stage); after two months
(2nd stage) and four
months (3rd stage) storage.

e The third group (10 rats/
stage) intake was a standard
diet with oral 5, 6.86, and
7.7 ml juice containing SB
/ week respectively at zero
time (1st stage), after two
months (2nd stage) and
four months (3rd stage)
storage  according  to
acceptable range in juice
0.03- 0.2% by volume
(FDA, 1991).

At the end of each stage of the
experimental period (4 weeks), the
animals were sacrificed under
anesthesia, and blood samples were
collected in dry centrifuge tubes
through retro-orbital  injection.
Additionally, the liver was
removed from, which a portion was
put in 10% formaldehyde to look at
histopathology, and other part put
at — 20°c to determine biomarker of
oxidation. Serum kept in plastic
vials at — 20°c until analysis.

Biological evaluation
Calculated feed intake (FI1), growth
rate

The amount of food left
within the cage was subtracted

from the quantity of food supplied
to every animal daily to compute
daily feed intake (FI; in
grams) (Manjula and Krishna,
2016).

Throughout the exper-
iment, the growth rate of rats
altogether groups was measured
weekly, and also the rate of growth
for each group was as follows:
Growth is that the difference
between this weekly weight (g) and
therefore the prior weekly weight
(9) (Adeyemi and other, 2015)

Biochemical assays

Serum ALT and AST were
determined by the method of
Young, (2001). ALP level
estimated “as explained by Tietz
(1976)”.

Liver tissue analyses,
Malondialdenyde (MDA) mea-
sured in liver tissue according to
Ohkawa et al. (1979). While the
assay of GSH was performed using
the spectro-photometric method
(Goldberg and Spooner 1983).

Statistical Analysis

The data assay was
expressed as mean = SD and was
analyzed by one-way analysis of
variance (ANOVA) followed by a

Bulletin of the National Nutrition Institute of the Arab Republic of Egypt. December 2020 (56) 136



Evaluation the Role of Sodium Benzoate as a Preservative in Apple Juice after Different

Periods of Storage in Sunlight on rats’ Liver

Elsayed ME Mahdy, Hanaa H Elsayed, Lamiaa M Mohamed, Hoda A Abdel Salam and Amira F Soliman

post hoc test. The difference was
considered statistically significant
when P < 0.05 (Chan, 2003).

RESULTS AND DISCUSSION

Chemical analysis:

Figure 1 displayed the
sunlight exposure for two or four
months storage period was caused
diminish of SB value in apple juice,
possibly losing quantity was
converted to benzene. Santos et
al., (2015) reported that the
degradation of SB was a source of
benzene within foodstuffs and
carcinogenic to humans. This loss
of SB may effect on shelf period of
juice. McNeal et al., (1993)
investigated the benzene formation
from SB degradation with the
presence of vitamin C. they applied
watery models containing vitamin
C and SB to evaluate the effect of
temperature and UV on benzene
formation. Who found that “300
ng” benzene formed /ml of aqueous
solution stored at 450 C or under
UV light for 20 h. In addition,
Apreacet al., (2008) researched the
impact of the degree of heat present
in solution on benzene formation
utilizing the conformable vitamin
C and SB concentrations in
processed drinks. The aqueous was

stored at 250 C, 450 C for 72 h,
benzene formation within the
solution stored at 250 C remained
fixed for the primary 12 h (< 0.01
ppb) but raised to 0.44 ppb later
70h. The model solution stored at
450 C, 118.5 ppb of benzene
formed next 24 h, amounting to
125 ppb after 48 h.

Biological Effects of Sodium
Benzoate:

Figures (2& 3) were
indicated the effect of SB
administration on feed intake and
growth at three storage stages. In
the three storage stages, the Fl and
growth rates were significantly
higher in set (2) than group (1). Set
(3) had the highest FI and growth
rate observed in Fig (1& 2). This is
likely because apple juice includes
sugar. These results are consistent
with the findings of Olofinnade et
al., (2021). SB has blocked leptin
hormone release with adiposity
model in vitro as a part of its
immunological modulatory action
according to Yilmaz and Karabay
(2018), indicating the significance
of SB to the evolution of obesity
(Ciardi and colleagues, 2012).
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Biochemical factors:

Figure 4 pointed for SB
impacts on liver enzymes alanine
aminotransferase (ALT), aspartate
aminotransferase  (AST), and
alkaline phosphatase (ALP). The
chemical SB (G2) was higher liver
enzyme during the assorted stages
than G3 that orally juice containing
SB. These previous findings were
in harmony with an investigation
done by Ibekwe et al., (2007)
through provided SB for two weeks
makes major elevation within the
values of AST and ALP. The
excess values of AST are due to
tissue necrosis in the liver,
muscles, and cardiac tissues or
elevated  synthesis, lessening
transaminase catabolism (Malik et
al. 1980). Additionally, the
elevation of several enzymes
values “ALT and AST” in blood
circulation be contingent on the
range and variety of damage
caused by a specific chemical
(Weemhoff et al. 2017). The liver
ailments caused by free radicals are
characterized by a headway from
degeneration of cells,
inflammation, and fibrous
thickening of tissue, to cancer. An
oversized of chemicals such as
aromatic compounds (some food

additives) are embroiled in the
synthesis of reactive free radicals
and tissue harm then enzymes are
released from tissues (Aprioku
2013). Many varieties of food
additives such as SB are found to
provide the term of inflammation
(Raposa et al. 2016). Some
metabolites, which are formed due
to partial reduction of oxygen like
hydrogen  peroxide  (H20>),
superoxide (O2) and hydroxyl
group (OH"), are commonly known
as free radicals. They are extremely
toxic and cause oxidative stress at
the cellular level with subsequent
irregularities in  metabolism. In
most of the diseases such as
metabolic syndrome, leukemia,
obesity and liver disease, the free
radicals have been observed to rise
above normal level (Gutteridge
and Halliwell, 1993). Free radical
induced  liver  diseases are
characterized by a progression
from cirrhosis to hepatocellular
malignancy. A large range of
chemicals like aromatic
compounds, pesticides, some food
additives and  ethanol are
implicated in the generation of
reactive  free radicals and
development of tissue damage
(Aprioku 2013).
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Biomarker of oxidation in tissue
liver:

The effect of SB on
oxidative liver state markers GSH
and MDA value in different
experimental groups were shown
in Figure (5). The healthy group
had the highest GSH and the lowest
MDA value all over the
experimental period. MDA of G3 <
MDA of G2 and GSH value of G2
< G3. Imbalance among
antioxidants and free radicals
consequences  fat  oxidative.
Malondialdehyde (MDA) is often
an applied sign of lipid oxidation
and it is an end metabolite of
membrane  cell  peroxidation
(Mansour 2000). Findings offered
that oral intake of SB in juice or
chemical solution has significantly
increased MDA  values. SB's
existence with vitamin c in juice
generates benzene, which has been
considered carcinogenic and plays
a significant role in different
ailments by damaging impacts on
deoxyribonucleic acid “DNA”
(Gardner and Lawrence
1993). Reactive free radicals can
be generated by metabolic outputs
of SB. It increases oxidative stress
at a cellular scale and is probable
carcinogenic (Bansal et al.,

2005). The antioxidant
components  within  the cell
including GSH are utilized to
obviate cell harm by free radicals,
thereby diminution their levels in
the liver tissue until not give rise to
hepatic suffering.

Histologically alterations

During storage, the liver of
the healthy control group showed
no histological alterations (as seen
in Fig 6a, 6b& 6¢). While the liver
of the group given apple juice
containing SB was having
undergone  many histological
changes during storage, including
congestion of the portal vein and
vacuolar degeneration of some
hepatocytes (Fig 6g). Mild to
moderate retraction of the necrotic
changes (Fig 6h) particularly in the
paracentral area after two months,
and a good degree of restoration
with degenerative and necrotic
changes as focal areas limited (Fig
6i), particularly in the per-portal
areas after four months. Electron
microscopy of G2 liver showed
dilatation of central vein and
congestion of portal vein with mild
periportal edema and inflammatory
cell infiltrations at zero time (Fig
6d). But after 2 months showed
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severe  diffuse  hepatocellular
vacuolar degeneration with many
necrotic and apoptotic cells (Fig
6e) and developed after 4 months
to that the necrotic cells either
appeared with nuclear remnants or
without any nuclear structure, and
the vacuolated cells appeared
either with eccentric or pyknotic
nuclei or without any nuclear
structure (Fig 6f). These results
may be attributed to the intake of
SB in drinking water for four
weeks causing histological
changes in the liver tissues,
as Khodaei and  colleagues
(2019) said. The majority of prior
research found that the liver has
been damaged histolo-
gically. Fujitani (1993) also
mentio-ned swelling, bleeding, and
the formation of syncytium in
certain hepatocytes. The findings
of Khodaei and  colleagues
(2019) suggested that the
hepatotoxic effects of SB in long-
term exposure could cause severe
liver damage. Electron microscopy
confirmed hepatocyte membrane
injury, nuclear membrane
degradation, and mitochondrial
crista loss, as well as fusion in the
outer membranes of mitochondria
vacuolization, because of SB

administration in organs and body
(2442mg/kg body weight) for 10
days in rats (Bakar and Aktac,
2014).

CONCLUSION

Sodium benzoate produces
oxidative tension was low in the
effectiveness  of  antioxidant
enzymes and causing injury to
interior tissues. In this study, the
tissue damage was apparent by an
excess of liver  enzymes,
histopathological alterations, and a
slight increase in the final body
weight in stages 2, 3. There were
no significant differences among
sets eaten juice containing SB and
chemical solution of SB via the
oxidation condition and liver
function.
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Fig. (1): Determination of SB (as benzoic acid) in apple juice by HPLC; LOQ =25 mg/Kg.
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Fig (2): SB and Growth at: a) 1% stage, b) 2" stage and c) 3™ stage. The data examined utilizing
One-way ANOVA. Each column is average +SE.
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Fig (3): SB and FI g/week at: a) 1st stage, b) 2nd stage and c) 3rd stage. The data examined utilizing
One-way ANOVA. Each column is average £SE.
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Fig (4): SB and Liver enzymes at: a) ALT, b) AST and c) ALP. The data examined utilizing
One-way ANOVA. Each column is average £SE.
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Fig (5): Antioxidant hepatic status of experimental group; a) GSH, b) MDA. The data examined
utilizing One-way ANOVA. Each column is average £SE.
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g: G3, 1% Stage

Fig. (6). TS of Liver of a),b) &c) Normal control group showed normal histological structure

d) G2 at 1% Stage shows congestion of central veins and perioral fibrosis and inflammatory cells
infiltration. e) G2 at 2™ Stage showed severe diffuse hepatocellular vacuolar degeneration with
many necrotic and apoptotic cells. , f) G2 at 3" Stage the portal areas showed congested portal
vessels and sometimes few mononuclear inflammatory cells infiltration. g) G3 at 1% Stage shows
congestion of portal vein, vacuolar degeneration of some hepatocytes. h) G3 at 2" Stage mild to
moderate retraction of the necrobiosis changes but there is still hepatocellular vacuolar
degeneration and necrosis. i) G3 at 3" Stage good degree of restoration of the hepatic parenchymal
cells with limitation of degenerative and necrotic changes as focal areas.
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