*
brought to you by i CORE

View metadata, citation and similar papers at core.ac.uk

provided by Qazvin University of Medical Sciences Repository

Biotech Health Sci. 2016 August; 3(3):e35084. doi: 10.17795/bhs-35084.

Published online 2016 May 25. Review Article

An Overview on the Effects of Sodium Benzoate as a Preservative in
Food Products

Mojtaba Shahmohammadi,' Maryam Javadi,"* and Marjan Nassiri-Asl>"

'Department of Nutrition, School of Health, Qazvin University of Medical Sciences, Qazvin, IR Iran
2Children Growth Research Center, Qazvin University of Medical Sciences, Qazvin, IR Iran
?Department of Pharmacology, Qazvin University of Medical Sciences, Qazvin, IR Iran

‘Correspondingauthor: Marjan Nassiri-Asl, Department of Pharmacology, Qazvin University of Medical Sciences, Qazvin, IR Iran. Tel: +98-2833336001, Fax: +98-2833324970,
E-mail: mnassiriasl@qums.ac.ir

Received 2015 December 15; Revised 2016 February 02; Accepted 2016 February 24.

Abstract

Context: Food spoilage has been acommon problem throughout history,and much of the spoilage is caused the activity of microor-
ganisms or enzymatic reactions during the storage of food. Thus, using chemical substances could prevent or delay food spoilage
and this has led to the great success of these compounds in the treatment of human diseases. Sodium benzoate is one of the syn-
thetic additives that are widely used in the food industry.

Evidence Acquisition: In this review we summarized the history and role of benzoate sodium in the food industry, its limited value
in different food, other uses, pharmacokinetics, and its toxicity in animal studies. A literature search was carried out using MEDLINE,
Scopus, Science Direct, and Scientific Information Databases (SID).

Results: Sodium benzoate is used in different industries as well as the food industry and it has adverse effects similar to other food
additives.

Conclusions: Studies on natural ingredients in foods to find compounds with similar effects as benzoate with less adverse effects
is necessary.
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1. Context Using chemical substances to prevent or delay food
spoilage is partly due to the great success of these com-
pounds in the treatment of diseases in humans, animals
and plants. Although a large number of chemical com-
pounds are effective food preservatives, yet because of
strict laws on food safety that have been adopted by the
FDA and to a lower extent due to the fact that, in vitro, all
compounds show antimicrobial effects, adding these com-
pounds to some food products has no effect and only a few

of them are permitted for use in food products (1, 3).

The availability and consumption of safe food, which
supplies the body’s needs is essential for the human. Food
and its active constituents have a significant effect on hu-
man health and nutrition. Food safety is not a new con-
cept in the modern world and is deeply rooted in the his-
tory of human civilization. In developed countries, the is-
sue was raised after world war II. Food spoilage has been
a common problem throughout history, and much of the

spoilage is due to the activity of microorganisms or en- Nowadays, processed foods make up 75 percent of the

zymatic reactions during the storage of food. Using food
preservation methods has been common both naturally
and chemically since the past 1000 to 8,000 years (1, 2).
It has been estimated that approximately one third of the
population of developed countries suffer from diseases
transmitted through food. More than 250 microbial, phys-
ical and chemical factors are responsible for these diseases.
In 2011, the Center of disease control in America estimated
that 128 thousand people are hospitalized due to diseases
transmitted through food and three thousand die annu-
ally (3).

diet of western societies (4). Sodium benzoate is one of
the synthetic additives that are widely used in the food in-
dustry and is generally recognized as safe (GRAS). Sodium
benzoate is a salt of benzoic acid, which is used as an im-
portant preservative in the food industry against bacteria,
fungi and yeast with the natural pH of 4.5. Also, this sub-
stance can be used in pharmaceutical and cosmetics indus-
tries (5, 6).

Although sodium benzoic is in the category of safe ad-
ditives, yet the disadvantages of synthetic preservatives
such as sodium benzoate on human health has been pre-
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viously indicated (7, 8). In the recent decades, the use of
additives has increased, so that it has been estimated that
each individual consumes about 8 -10 1bs of food additives
annually (3, 4, 8).

The increasing use of synthetic additives in food and
consumers’ desire to consume fast and processed foods on
one hand and the adverse effects of many of these chemi-
cal additives on the other hand, indicate the need to focus
on their benefit and adverse effects. Thus, the aim of this
study was to summarize the important pharmacological,
toxic effects, application, and pharmacokinetic of sodium
benzoate as an important additive in the food industry.

2. Evidence Acquisition

Data was collected from well-known databases includ-
ing MEDLINE, Scopus, Science Direct, and Scientific Infor-
mation Databases (SID). The keywords for the search were:
sodium benzoate and benzoic acid. A total of 46 articles
(from 80 articles) and two books were selected for this re-
view. There was no limitation in the selection of the year of
publication.

3. Results

3.1. Effects of Sodium Benzoate

Sodium benzoate is salt of benzoic acid found with the
chemical formula C;H;NaO,, and is a white salt, odorless
in crystalline, and found as powder or grain. This com-
pound is dissolved easily in water but is hardly dissolved
in ethanol. Its molecular weight is 114.11 and its solubility
is enhanced by increasing water temperature. Ninety-nine
percent of this compound is dry and the amount of ben-
zoic acid is 84.7% and is specified in food products by E-211.
Its harmlessness was confirmed first in 1909 by the depart-
ment of agriculture in America, during three separate in-
vestigations; a summary report entitled No. 88 was pub-
lished (1-3, 9). This study reported that benzoate has no ad-
verse effect on health and also has no destructive effect on
the quality or nutritional value of food products (10).

Benzoic acid is found in small quantities in plums,
tomatoes, cinnamon, cloves and apple. Benzoic acid is
formed in fermented dairy products by lactic acid bacteria,
although anaerobic processes such as metabolism of phe-
nol caninterfere in the formation of benzoic acid in cheese
(4). Although benzoic acid is the most effective preserva-
tive, yet salt is used in it to dissolve easily in water, as it
does not dissolve well in water. Sodium benzoate was the
first preservative allowed by the FDA for use in food prod-
ucts. Antimicrobial activity of benzoate is related to pH, so
that most of its activity occurs at low pH. Its antimicrobial

activity is due to the intact molecule. These compounds
are ineffective in neutral pH. The pKa of benzoate is equiv-
alent to 4.2 and at pH of 4, where 60% of this compound
has not been separated, while at pH equal to 6 only 1.5% is
not separated. For this reason, the use of benzoic acid and
its sodium salt is not limited to products with high-acidity;
this acidity is usually enough to prevent the growth of bac-
teria in food products. However, some mold and yeast are
grown in acidic environments, and benzoate acts as an ef-
fective deterrent force against mold and yeast. Note that
inhibition of this substance, if added at the beginning of
the production process can stop the enzyme activity. The
use of sodium benzoate is not recommended in foods that
are corrupting (10).

In food products such as fruit juice, benzoate at con-
centrations up to 1% causes undesirable flavor, this taste
is called pepperoni or hot (1, 11, 12). Sodium benzoate is
used orally (eating and drinking food and beverages) and
through skin (use of benzoate in cosmetics, sanitary and
pharmaceutical) of the consumer’s body (13).

The world’s production of benzoic acid is 638,000 tons
annually and the available sodium benzoate around the
globe is 100,000 tons. Seventy percent of this amount
of sodium benzoate can be used as a preservative (5, 14).
The joint committee of the world health organization and
food and agriculture organization of the United Nations
on food additives (JECFA) reported a limit on the amount
of sodium benzoate, which was 0 - 5 mg/kg (15, 16). In Eu-
rope, this amount is 0.015 to 0.5% and in America and Iran
this amount is 0.1% (17,18).

Sodium benzoate is used mainly as a preservative in
margarine, salad dressings, marinades, cider, soft drinks,
pickles, fruit salad, wafers, bakery products, jams, jellies,
juices, biscuits, cakes and muffins, tomato paste and soy
sauce (1, 2, 4, 5,10, 12,16, 19-22). Sodium benzoate has been
reported to be used in various cheeses and in some caviar
(14, 22). There are also reports on the use this substance in
wine and beer (23, 24) and olives (25). Sodium benzoate is
detectable in foods in the laboratory by a spectrophotome-
ter at a wavelength of 224 nm (25-27).

Sodium benzoate is used in the pharmaceutical indus-
try in syrups, in containers used for preparation of liquids,
to prepare tablets, and at 0.2 to 0.4% to make tablets trans-
parent and smooth and to allow rapid decomposition of
the tablets. The maximum concentration of sodium ben-
zoate used in the pharmaceutical industry is 5% and is also
used in cosmetics products (1, 21, 28).

3.2. Pharmacokinetics of Sodium Benzoate

Metabolizing this compound by living organisms can
ultimately make an active compound that reacts with DNA,
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changes the genetic structure of cells and has adverse ef-
fects on cell division (21, 23,29, 30). Sodium benzoate in the
mitochondria of liver cells is metabolized by binding to
the amino acid glycine and excreted as hippuric acid from
the urine. Natural excretion of hippuric acid in urine is ap-
proximately1-2 mLand 400 - 800 mg of glycine is excreted
as hippuric acid in the urine, daily (23, 31).

Food consumption containing sodium benzoate in-
creases this amount (32, 33). Glycine excretion from the
body indicates impaired function of the liver in metabolic
processes in which glycine is essential. In addition, low
glycine levels in the body can reduce creatinine levels, glu-
tamine, urea and uric acid in the urine and increases the
levels of these substances in the blood. Hydrogen and hy-
drophobic bonds are vital in binding sodium benzoate to
the amino acid glycine and it should be noted that the lim-
ited sodium benzoate in foods is enough for this bond (34-
37). In a study conducted during year 2012 on 3083 Bel-
gian consumers, it was concluded that these people use
1.25 mg/kg of sodium benzoate daily and this amount is
0.25% of the acceptable daily limit and is enough to bind
with 50 mg of glycine and excreted as hippuric acid (23).

After entrance of sodium benzoate to the body, the in-
testinal cycle occurs, and sodium benzoate binds to trypsin
and can increase the activity and result in the restructure
of trypsin. Trypsin is released from the pancreas and has an
importantrole in the digestion of food products. However,
this has not been fully proven and requires further studies
and research (38).

3.3. Toxicity

Although sodium benzoate is accepted as a safe sub-
stance, but short-term exposure can cause irritation of
eyes, skin and respiratory tract, yet prolonged or repeated
contact may cause high skin sensitization (39). Using high
doses causes release of histamine and prostaglandin, ul-
cers and gastric mucus secretion changes (40, 41).

In a study conducted during year 2007, sodium ben-
zoate increased blood pressure, eventually tearing the ves-
sels in the blood cells of the rat (42). Damage to the hep-
atocyte cell membrane and crista losses in mitochondria,
connection to outer shell of vacuole mitochondria in the
cytoplasm and liver and kidney dysfunction are other ad-
verse effects of consuming sodium benzoate (43). Research
has also shown the formation of benzene in the reaction
between benzoic acid and ascorbic acid in the presence of
metal catalysts in soft drinks and fruit juices (44).

In a study by Afshar et al. on mice, 560 mg/kg con-
centration of sodium benzoate reduced weight and crown-
rump length of the fetus when compared with the control
group and fetal absorption rate was statistically significant
at concentrations of 280 and 560 mg (21). In a study by
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Sohrabi et al. on mice, sodium benzoate at a concentration
of 560 mg/kg reduced the weight of the ovaries and FSH
and LH hormones compared to the control group and de-
creased progesterone hormone at a concentration of 280
mg compared with the control group (19).

Another study showed that sodium benzoate at con-
centration of 200 mg/kg can decrease weight in mice and
increase creatinine, urea and uric acid in the isolated
serum from mice (36). Fujitani et al. in a study on rats and
mice showed that at a concentration of 2.4%, the average
weight of the rats was reduced compared to the control
group; weight gain in kidney and liver occurred at a con-
centration of 2.4% in rats and liver and kidney weight in-
creased when compared with the control group at 3% con-
centration in the mice (22).

Taheri et al. investigated the effect of sodium ben-
zoate, at concentrations of 9.3 and 18.6 mM/kg, on the fe-
tus of pregnant rats and found that, both concentrations
can cause a significant reduction in weight and height and
also reduce the weight and diameter of placenta in the
fetus compared to the control group (45). Eberechukwu
et al. investigated the effect of benzoate sodium in rats
and concluded that sodium benzoate could reduce white
blood cells at concentrations of 60 and 120 mg/kg and the
amount of hemoglobin at all concentrations compared
to the control group and this decrease make their white
blood cells more susceptible to infection (42).

Yilmaz et al. investigated the effect of benzoate sodium
on human cell lymphocytes at concentrations of 200 and
500 pg/mL. Benzoic acid increased indices of sister chro-
matid exchanges (SCEs), chromosomal aberration (CA),
and Micronucleus (MN) and at a concentration of 500
pg/mL decreased the mitotic division index (Mitotic index)
(46). Hu et al. studied lymph node cells isolated from mice
treated with different concentrations of sodium benzoate
compared to control cells and found that sodium benzoate
can change the structure of lymphocytes and damage the
cell membrane. Higher concentration and time exposure
to this substance increases the adverse effects (47).

4. Conclusions

Sodium benzoate, as a synthetic additive, is widely
used in food, pharmaceutical and cosmetics industries.
The disadvantages of sodium benzoate have been ap-
proved on human health, which include cell damage. In
therecentyears, many studies have been done on the use of
natural ingredients with different goals in foods and have
achieved some success, but there is still a need to study and
research in the food industry.
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