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Abstract

Benzoic acid is widely used as a food preservative due to its effectiveness in inhibiting the growth of yeast
and mold. The undissociated form of benzoic acid is the most potent. In acidic beverages like soft drinks,
benzoic acid can react with additives such as ascorbic acid to release benzene, which can pose health concerns.
This study aimed to determine the levels of benzoic acid in soft drink samples commonly consumed in Aden,
Yemen. Eighteen soft drink samples were analyzed using high-performance liquid chromatography with a
UV detector. The highest benzoic acid concentration was found in a FIFA orange sample at 173.87 ppm,
while the lowest was 8.40 ppm in a DREAM red sample. Some samples, including MIRINDA orange,
FANTA apple, and DILSI red, had no detectable levels of benzoic acid, despite their labels indicating its
presence. Overall, the benzoic acid concentrations in all tested samples were within the permissible limits set

by local, regional, and international standards.
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1. Introduction

Food additives are chemical substances that are
intentionally added to foods to achieve specific
functional purposes, such as preserving food quality,
improving appearance, taste, or texture, and facilitating
processing [1, 2]. Based on their specific functions, food
additives can be classified into various categories,
including antimicrobials, antioxidants, emulsifiers, and
flavoring agents [3-5].

Benzoic acid is a widely used food preservative due to its
effectiveness in inhibiting the growth of yeast and mold.
It is typically more effective in its undissociated form,
which predominates in acidic environments [6, 7]. In
acidic beverages like soft drinks, benzoic acid can
potentially react with other additives, such as ascorbic
acid, to form benzene, a compound that can raise health
concerns [8, 9].

The acceptable dietary intake levels of benzoic acid span
a range of food categories, with the following permitted
concentrations: various foods 200-1000 ppm, prepared

salads and confectionery up to 1500 ppm, food
supplements and preserved vegetables at 2000 ppm,
liquid egg at 5000 ppm, cooked seafood between 2000-
6000 ppm, soft drinks at 150 ppm, alcohol-free beer at
200 ppm, sacramental grape juice at 2000 ppm, and
liquid tea concentrates at 600 ppm. The FDA allows
benzoic acid usage in food items in quantities up to 1000
ppm (0.1%) [10, 11]. In terms of aquatic toxicity, benzoic
acid has been found to have low to moderate toxicity to
different aquatic species based on reliable tests. For
instance, previous reports have shown that the
cyanobacterium Anabaena inaequalis exhibited the
lowest EC50 value of 9 mg/liter (cell multiplication
inhibition) [12].

Monitoring the levels of food additives, including
benzoic acid, is essential to ensure compliance with
safety regulations and to assess consumer exposure.
Rigorous quantitative methods of analysis, such as high-
performance liquid chromatography (HPLC), must be
used to assess additive levels in a wide range of food
matrices, as multiple additives or groups of additives
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with comparable functionalities may coexist within a
single food product [13-16]. It is necessary to compare
the actual amounts of additive use and consumption to
safety standards (acceptable daily intakes) and
permissible limits set by local, regional, and global
regulatory bodies [10, 11].

The primary objective of this study was to determine the
levels of benzoic acid in soft drink samples commonly
consumed in Aden, Yemen, using HPLC with UV
detection. The results were then compared to the local,
regional, and international standards to assess the safety
and compliance of the analyzed soft drinks.

2. Materials and Methods
2.1. Chemicals and Instrumentation

Analytical grade benzoic acid (reference standard),
HPLC-grade acetonitrile and methanol, ammonium
acetate, deionized water, orthophosphoric acid, and 0.1
M sodium hydroxide were used in this study. The HPLC
system was a JASCO LC-NET model equipped with a
UV detector. Other equipment included an ultrasonic
bath, vacuum pump, electronic balance, pH meter, and
magnetic stirrer.

2.2. Sample Collection

A total of 18 commercially available soft drink samples,
including popular brands such as PEPSI, SHANI,
MIRINDA, FANTA, DREAM, DILSI, and FIFA, were
randomly purchased from local markets in Aden, Yemen
for analysis.

2.3. Sample Preparation

The soft drink samples were homogenized and filtered
through filter paper to remove any particulates [17]. To
degas the carbonated beverages, the samples were
sonicated for approximately 15 minutes until the carbon
dioxide bubbles were completely removed.

2.4. Standard Solution Preparation

A 1000 ppm stock solution of benzoic acid was prepared
by dissolving 1 g of the reference standard in 1000 mL
of the mobile phase. Working standard solutions at
concentrations of 40, 120, and 160 ppm were prepared
by diluting the stock solution with the mobile phase.

2.5. Mobile Phase Preparation

The mobile phase was prepared by mixing acetonitrile
(40%) and ammonium acetate (0.04%) in deionized
water. The pH of the mobile phase was adjusted to 4.2.

2.6. HPLC Analysis

The HPLC analysis was performed using a C18 column
at 25°C. The mobile phase was pumped at a flow rate of
1.5 mL/min with a 40:60 (v/v) ratio of acetonitrile to
ammonium acetate solution. The injection volume was
20 pL, and the UV detection wavelength was set at 228
nm. Prior to sample injection, the column was washed

with deionized water and methanol to remove any
residual salts and organic materials [18].

3. Results and Discussion
3.1. Identification of Benzoic Acid

This study aimed to analyze real samples of commonly
consumed soft drinks from the Aden markets to
determine the concentration of benzoic acid. A sensitive
and reliable HPLC-UV method was developed to detect
the presence of benzoic acid in the soft drink samples. An
initial test was conducted to ensure that the measurement
of benzoic acid was not affected by the elimination of the
CO; content in the samples.

The HPLC instrument is a highly accurate and valuable
analytical tool for the determination of benzoic acid. The
concentration of benzoic acid in the samples was
calculated based on the peak areas and retention times. In
this work, the limit of detection (LOD) and limit of
quantification (LOQ) of the analytical method were
determined through a calibration graph (Figurel) using
standard benzoic acid solutions at concentrations of 40,
120, and 160 ppm.

Once the presence of benzoic acid in the samples was
confirmed, the quantification was performed using the
calibration curve equation y = a + bx, where a is the
slope, b is the intercept, x is the concentration, and y is
the peak area. The correlation coefficient (R?) of the
calibration curve was 0.9998, indicating excellent
linearity. The peak areas for the experimental runs used
in calculating the corresponding benzoic acid
concentrations are presented in Table 1.
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Fig. 1. Calibration curve of standard benzoic acid

Table 1. Calibration table for benzoic acid standards

Retention time

Concentrations
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Area (uv.s .
(ppm) (hv-s) (min)
1 40 2686831.5 3413
2 120 9114036.0 3.403
3 160 12603503.0 3461
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The LOD was calculated as 3 times the residual standard
deviation of the y-intercept divided by the slope of the
calibration curve [1]. This resulted in LOD and LOQ
values of 1.5 and 5 ppm, respectively, which are far
below the reference points for benzoic acid in soft drinks,
as suggested by the Yemen Standard Organization [19].

3.2. Levels of the benzoic acid in samples

The levels of benzoic acid in the selected brands of soft
drinks (PEPSI, SHANI, MIRINDA, FANTA, DREAM,
DILSI, and FIFA) were examined chromatographically.
The chromatographic analysis results of the samples
under study are presented in Figures 2-6 and Table 2.
The results obtained for these soft drink samples are
summarized in Table 2. In 3 samples (16%), benzoic
acid could not be detected, either because the compound
was not present or the developed method was not suitable
for its quantification. The concentrations of benzoic acid
in 3 samples (16%) were identified at levels near the
estimated limit of quantification (LOQ) of the method,
which was determined to be 5 ppm. These samples
included MIRINDA orange, FANTA apple, and DILSI
red. The chromatograms of a 160 ppm standard of
benzoic acid are shown in Figure 1, and an actual soft
drink sample containing 10.4 ppm of benzoic acid is
presented in Figure 2, demonstrating that the estimated
LOQ is a reasonable value.

The current study indicated that the highest concentration
of benzoic acid was found in the FIFA orange sample,
reaching a level of 173.87 ppm, while the lowest
concentration was detected in a DREAM red sample at
8.40 ppm. Interestingly, the concentrations of benzoic
acid were at the lower end of the detection limit in the
samples of MIRINDA orange, FANTA apple, and DILSI
red soft drinks.

The HPLC analysis of the three samples, PEPSI, SHANI,
and MIRINDA, revealed that the concentrations of
benzoic acid were 10.52 ppm, 12.72 ppm, and not
detected (ND), respectively, as presented in Table 2. The
highest concentration of benzoic acid, 12.72 ppm, was
detected in the SHANI sample, while the lowest
concentration of 10.52 ppm was found in the PEPSI
sample. When compared to the findings reported by other
researchers, the overall concentration of benzoic acid in
the current study was lower than the mean value of 336
+ 190 ppm observed by Onwordi et al. [20] in carbonated
drinks from Nigeria. This is a significantly higher level
than the concentrations detected in the present
investigation. Furthermore, our results were also lower
than the mean concentration of 163.8 ppm recorded by
Khosrokhavar et al. [21] in Iran and the 70.20 ppm
reported by Kusi and Acquaah [22] in Ghana.

Table 2. Levels of the benzoic acid (ppm) in samples

oncentration of Benzoic Acid (pp Retentio
0 p Recurrence Mean + SD Recurrence Mean
1 2 3 1 2 3
1 PEPSI 10.38 10.26 10.92 10.52 £ 0.35 3.942 3.967 3.933 3.950
2 SHANI 13.42 12.35 12.40 12.72 £ 0.60 3.242 3.233 3.350 3.275
3 MIRINDA orange ND ND ND ND ND ND ND ND
4 FANTA red 11.12 10.86 10.79 10.92 +0.17 3.525 3.025 3.592 3.380
5 FANTA orange 29.40 28.98 30.46 29.61 £ 0.76 3.558 3.492 3.367 3.473
6 FANTA apple ND ND ND ND ND ND ND ND
7 FANTA lemon 42.11 40.64 41.52 41.42+0.74 3.467 3.467 3.700 3.546
8 DREAM black 13.60 14.30 8.58 12.16 £3.12 3.350 3.383 3.425 3.386
9 DREAM RED 8.38 8.40 8.41 8.40+0.02 3.575 3.542 3.525 3.547
10 DREAM orange 8.66 8.71 8.79 8.72 £0.07 3417 3.458 3.433 3.436
11 DREAM apple 58.47 61.70 64.44 61.54+2.99 4.117 4.117 4.083 4.106
12 DILSI red ND ND ND ND ND ND ND ND
13 DILSI orange 9.22 9.79 9.65 9.55+0.30 4.025 4.142 3.908 4.025
14 DILSI apple 36.82 38.28 32.81 3597+2.83 4.200 4.150 4.183 4.177
15 FIFA red 171.28 172.03 _ 171.66 = 0.53 3.492 3.517 _ 3.504
16 FIFA orange 172.55 175.19 _ 173.87 £ 1.87 3.450 3.475 _ 3.4625
17 FIFA apple 145.21 142.16 . 143.67 £2.18 3.467 3.458 _ 3.4625
18 FIFA lemon 158.06 157.44 _ 157.75+0.44 3.608 3.592 _ 3.600

ND = not detection limit
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Fig. 3. Benzoic acid content in (a) FANTA Red (pH=3.37), (b) FANTA Orange (pH=3.18), (c) FANTA Lemon
(pH=3.25), and (d) FANTA Apple (pH=3.25)
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Fig. 4. Benzoic acid content in (a) Dream black (pH=3.08), (b) Dream Red (pH= 3.34), (c) Dram orange (pH=3.23) and
(d) Dream Apple (pH=2.84)

The results represented in Table 2 show that the mean
concentration of benzoic acid in the FANTA soft drink
samples varied significantly. The FANTA red, FANTA
orange, FANTA apple, and FANTA lemon samples
contained 10.92 ppm, 29.60 ppm, not detected (ND), and
41.42 ppm of benzoic acid, respectively. The highest
mean concentration was found in the FANTA lemon
sample at 41.42 ppm, while the lowest mean
concentration was observed in the FANTA red sample at
10.92 ppm. Interestingly, no detectable levels of benzoic
acid were found in the FANTA apple sample. The
obtained results in this study were lower than those
reported by Tfouni and Toledo [23], who determined the
levels of benzoic acid in per capita daily intake in Brazil
to be 259.2 ppm.

Regarding the DREAM soft drink samples, Table 2
shows that the concentrations of benzoic acid were 12.16
ppm, 8.40 ppm, 8.72 ppm, and 61.56 ppm for the
DREAM black, DREAM red, DREAM orange, and
DREAM apple, respectively. The highest mean
concentration of benzoic acid in the DREAM soft drink
samples was found in the DREAM apple at 61.54 ppm,
while the lowest was in the DREAM red sample at 8.40

ppm.

The concentration of benzoic acid was also measured in
both soft and fruit drinks by Kusi and Acquaah [22], who
used an external standard method. The level of benzoic
acid ranged from not detected to 564.00 ppm for the soft
drinks and from not detected to 148 ppm for the fruit
drinks. The results obtained in the current study were
generally lower than those reported [22].

For the DILSI soft drink samples, the concentrations of
benzoic acid were ND, 9.55 ppm, and 35.97 ppm for the
DILSI red, DILSI orange, and DILSI apple, respectively.
The data in Table 2 indicate that the highest mean
concentration of benzoic acid in the DILSI soft drink
samples was found in the DILSI apple at 35.97 ppm,
while the lowest mean concentration was observed in the
DILSI orange sample at 9.55 ppm. No detectable levels
of benzoic acid were found in the DILSI red sample.
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Fig. 5. Benzoic acid content in (a) DILSI Red (pH= 2.85), (b) DILSI Orange (pH=2.85), and (c) DILSI Apple (pH=2.65)

The AOAC liquid chromatographic method [24] was
collaboratively tested for the determination of benzoic
acid in orange juice. This method is applicable for the
determination of 0.5-10 ppm benzoic acid in orange
juice, where benzoic acid in solid-phase extracted orange
juice is separated by liquid chromatography on a C18
column.

The analysis of the FIFA soft drink samples revealed
significant levels of benzoic acid. As shown in Table 2,
the FIFA Red, FIFA Orange, FIFA Apple, and FIFA
Lemon samples contained 171.66 ppm, 173.87 ppm,
143.67 ppm, and 157.75 ppm of benzoic acid,
respectively. The highest mean concentration of benzoic
acid was observed in the FIFA Orange sample at 173.87
ppm, while the lowest was found in the FIFA Apple
sample at 143.67 ppm. The benzoic acid concentration in
this group of FIFA soft drinks ranged from 143.67 ppm
to 173.87 ppm.

In a study by Javanmardi et al. [25], the researchers
analyzed 54 different food samples, including soft
drinks, UHT milk, ketchup, and bread. The results
indicated a high prevalence of benzoic acid, with 92.5%
of the samples testing positive. The detected levels
ranged from 3.5 to 1520 ppm, which aligns with the
concentration range reported in the current study.

Furthermore, a suitable HPLC method for determining
benzoic acid in foodstuffs was collaboratively tested on
various products such as orange squash, cola drinks,
beetroot, and pie filling [26]. This method is applicable
for benzoic acid concentrations ranging from 50 to 2000
ppm. The performance characteristics for benzoic acid in
orange squash and cola drinks were reported as 471.4
ppm and 1234.4 ppm, respectively [26].

When comparing the concentration of benzoic acid in all
soft drink samples in the current study, it was observed
that the levels were within the allowed limits set by local,
regional, and international standards, as shown in Table
3[19].
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Fig. 6. Benzoic acid content in (a) Fifa Red (pH=3.37), (b) Fifa Orange (pH=2.85), and (c) Fifa Apple (pH=2.78), and
(d) Fifa Lemon (pH=2.78)

Table 3. Permissible limits of benzoic acid in soft drinks, according to specifications

State or organization Specification name Benzou_: Ell
concentration mg/L
Republic of Yemen Yemeni Standards No. (586/2003)
1 The Ministry of Industry, the Yemeni Organization CsHsCOOH, CeHsCOONa and CsHsCOOK 1000
for Standardization, Metrology and Quality Control in food preservation
A CsHsCOOH, CsHsCOONa and C¢HsCOOK
2 Gulf standard specification in the preservation of ingredients (1994/172) 1000
World Health Organization Food
. and Agriculture Organization AEINORG) Qe 0

of the molecules within the acidic soft drink matrix. As

3.3. pH values of the samples soft drinks are inherently acidic, the rise in H ions results

In food additives, an increase in the carbon chain length in a lower pH value.
of the alkyl group (R) generally leads to a decrease in
water solubility but an increase in solubility in non- Table 4. pH values of the samples

aqueous solvents. This structural change also tends to
decrease the toxicity while enhancing the antimicrobial

effect of the additive. Atiz°C AL25°C

. L . . PEPSI 2.74 237
Although benzoic acid exhibits its preservative effect in
solutions with pH < 4, certain food additives can be SHANI 332 328
effective at higher pH levels, up to around pH 7 or higher. MIRINDA Orange 2.85 2.59
This extended pH range of activity is not achievable with FANTA Lemon 3.60 3.35
conventional chemical preservatives. The individual FANTA Orange 3.58 318
addItIYES or' a mlxtu-re of additives are gften.blended with DILSI Red 189 32
benzoic acid to reinforce the antimicrobial effect on

. DILSI Orange 3.75 2.96
foods across a wider pH range of 4-8.

DILSI Apple 3.10 2.85

The data presented in Table 4 suggests that an increase
in temperature leads to a decrease in the pH value of the
soft drink samples. This is due to the increased ionization
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The reported pH ranges for different beverage categories
are: carbonated drinks (2.46-4.10), fruit juices (2.54-
3.86), sports drinks (2.59-2.61), and dairy drinks (3.83-
5.21) [27]. Generally, these beverages are acidic in
nature, which can help inhibit bacterial growth.
However, the acidity of these drinks can also lead to the
demineralization of teeth, with sports drinks being the
most acidic among the studied samples.

3.4. Health implications of benzoic acid in soft drinks

In this study, we have discussed the environmental
impact of benzoic acid and its discharge into water and
soil due to its usage as a preservative in various products.
Building upon this, it is essential to also consider the
health implications of benzoic acid, particularly in soft
drinks.

Benzoic acid and its salts are widely used as
preservatives in various food and beverage products,
including soft drinks, due to their antimicrobial
properties. However, the presence of benzoic acid in
acidic beverages, such as soft drinks, can pose potential
health concerns.

When benzoic acid is mixed with ascorbic acid (vitamin
C) in soft drinks, it can undergo a chemical reaction to
form benzene, a known carcinogenic compound [12].
Exposure to benzene has been linked to various health
issues, including cancer, reproductive problems, and
neurological disorders [28-30].

Furthermore, high levels of benzoic acid consumption
have been associated with other health concerns. Benzoic
acid can irritate the gastrointestinal tract, causing
symptoms such as nausea, vomiting, and diarrhea [31].
Additionally, there is evidence that benzoic acid may
have adverse effects on the nervous system, potentially
leading to headaches, dizziness, and hyperactivity,
particularly in children [32,33].

The potential health risks associated with benzoic acid in
soft drinks highlight the importance of monitoring and
controlling its levels in these products. Continuous
surveillance and enforcement of regulations are crucial
to ensure the safety of consumers and promote
transparency in the food industry.

Overall, our findings underscore the need for further
research and regulatory measures to mitigate the
environmental and health risks associated with benzoic
acid.

4. Conclusion

The study has not only investigated the levels of benzoic
acid in commonly consumed soft drinks in Aden, Yemen
but has also highlighted the potential health concerns
associated with this food preservative.

The findings indicate that the concentrations of benzoic
acid in the analyzed samples were within the permissible

limits set by local, regional, and international standards.
However, the study emphasizes the potential health risks
posed by the presence of benzoic acid in acidic
beverages, particularly when combined with ascorbic
acid. The formation of the carcinogenic compound
benzene and the various gastrointestinal and neurological
effects linked to high benzoic acid consumption
underscore the need for continuous monitoring and
control of this food preservative.

The study underscores the importance of transparent
labeling and consumer awareness regarding the presence
of benzoic acid and other food additives. This
information empowers consumers to make informed
choices and encourages the food industry to adopt
responsible practices in the use of preservatives.

Overall, this comprehensive analysis, including the
assessment of the potential health implications, provides
a robust framework for ongoing efforts to ensure the
safety and quality of soft drinks and other food products.
The findings will contribute to the development of more
effective regulations and strategies to safeguard public
health in the region.
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