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Abstract: Sodium benzoate and potassium sorbate are chemical preservatives commonly used in fruit juice and soft drinks. In this
study, a total of 20 commercial brands of such beverages in Nigeria were analysed for Sodium benzoate and Potassium sorbate using a
UV-Vis spectrophotometric method. Preliminary validation of the method revealed good accuracy and precision; 94.54 — 97.25%
mean recovery was recorded for benzoate and 92.7 — 96.82% for sorbate. % RSD for intraday precision was 1.67% and 2.36% for
benzoate and sorbate respectively. The limits of detection and quantitation (LOD, LOQ) were 1.35, 0.87mg/L for sodium benzoate and
4.11, 2.56mg/L for potassium sorbate. The samples analysed all contained sodium benzoate in concentrations ranging from 25.80 to
245.10 while for potassium sorbate, fourteen samples tested positive with concentrations between 1.36 — 158 mg/L. All the obtained
concentrations for potassium sorbate were within acceptable limits but for sodium benzoate, seven samples were found with
concentrations above permissible limits. Exposure estimation and health risk assessment carried out in this study revealed potential
risks from the sodium benzoate content of some samples. The consumers that are prone to these risks are mainly children with body
weights < 30kg. Based on these findings, we recommend that the feeding of soft drinks and related beverages to children should
generally be done with caution.
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conditions C¢HsCOONa 1is converted into benzoic acid
(E210), which is bacteriostatic and fungistatic. It exerts these
properties by destroying the internal proton level of microbial
cells [2]. Benzoic acid is generally not used directly due to its
poor water solubility. The maximum permitted level for
benzoates in soft drinks is 150 mg/L, expressed as benzoic
acid [3]. The Acceptable daily intake (ADI) for the
preservative ranges from 0 — 5 mg/Kg body weight and the
lethal dose (LD50) according to the European Food Safety
Authority (ESFA), is 2000 mg.kg™ [4].

Potassium sorbate (CH;CH=CH—-CH=CH-CO,K), the
potassium salt of sorbic acid is a popular food preservative
(E202) that is used to inhibit molds and yeasts in many foods,
such as cheese, wine, yogurt, apple cider, rehydrated fruits,
soft drinks, fruit drinks, and baked goods [5]. The

1. Introduction

The use of chemical preservatives has become a very
important practice in modern food technology. The key
objective of preservatives in food is to impede chemical and
microbial deterioration thereby increasing shelf life and
maintaining quality. Commercial beverages often contain
preservatives to prevent spoilage. Typically, sodium benzoate
and/or potassium sorbate are the preservatives that are
commonly used in fruit-based products and soft drinks. Both
preservatives are often used in combination, especially in
highly acidic drinks [1].

Sodium benzoate (C4HsCOONa) is a preservative, with the
E number, E211. It is mostly used in acidic foods such as
carbonated drinks, jams and fruit juices. Under certain
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antimicrobial effectiveness of sorbates depends on the
physical and chemical properties of the beverage. Sorbic acid
affects yeast growth by inhibiting the uptake of amino acids
and the function of sulfhydryl enzymes [2]. As a food
additive, potassium sorbate is allowed in fruit juice and
beverages at a concentration of 300 mg/L when used singly
or 250 mg/L when used in combination with benzoates [3].
The acceptable daily intake (ADI) for potassium sorbate is 25
mg/kg body mass or 1750 mg daily for an average adult (70
kg) [6].

Although benzoic acid, sorbic acid and their salts
(benzoate and sorbates) belong to a category of products
generally recognized as safe (GRAs), excessive addition of
these preservatives in food products may present adverse
health effects to consumers. The development of allergic
reactions to benzoate in humans, urticaria, metabolic acidosis,
convulsions, hyperpnoea, weak -clastogenic activity and
asthma has been reported in some studies [7-11]. Benzoate
can react with the ascorbic acid in drinks to produce benzene
which is a known carcinogen [12]. Also, as a competitive
inhibitor of D-amino acid oxidase, benzoate can influence
neurotransmission and cognitive functioning [12]. One study
indicated that benzoate can induce teratogenic effects during
mouse fetal eye development [13]. Potassium sorbate is a
skin, eye, and respiratory irritant in pure form. It has also
been shown to have genotoxic activity in vitro under some
conditions, particularly at high concentrations or when
combined with nitrites [6].

Food related health effects and diseases are on the increase
in both developed and developing countries. This necessitates
the need for regular evaluation and assessment of commonly
consumed food products in order to ensure their quality as
well as their safety for human consumption. Since the
consumption of soft drinks and non-alcoholic beverages is a
widespread habit all around the world, such food products
should be considered of great significance in terms of
potential contribution to human health issues. The present
research is aimed at investigating the levels of the
preservatives; sodium benzoate and potassium sorbate in
some brands of non-alcoholic beverages available in the
Nigerian market. The determination of these additives is
important for quality assurance purposes and consumer
health protection. In addition, this study attempts an
assessment of the human health risk that may result from
consumption of the investigated beverages.

2. Materials and Methods
2.1. Materials

Sodium benzoate, potassium sorbate were purchased from
Merck Co. (Darmstadt, Germany), Hydrochloric acid
(Sigma-Aldrich) and petroleum ether was from CDH (India)
All chemicals used were of analytical grade. A Shimadzu UV—
visible spectrophotometer (UV-2450, Shimadzu, Japan) was
used for all absorbance measurements.

2.2. Sample Collection

A total of 20 samples of non- alcoholic beverages were
collected as representatives of what is typically found in the
Nigerian market. Out of the 20 samples selected, 10 are fruit
juice products while the other 10 are carbonated soft drinks.
The fruit juice products were labelled as samples A to J while
the soft drink samples were labelled L to T.

2.3. Preparation of Standards and Samples

Individual standard stock solutions (1000 mgL ™) of sodium
benzoate and potassium sorbate were prepared in distilled
water. Working standard solutions for each of the preservative
were prepared by diluting the stock solutions appropriately
with distilled water to give concentrations between 50 mg L™
to 300 mg L™". Hydrochloric acid (0.4 mL, 6 M) were added to
a 5 mL portion of each standard solution and then extracted
with 45 mL Petroleum ether. For the samples, 0.4 mL of
hydrochloric acid (6 M) was added to 5.0 mL of each and then
extracted with 45 mL petroleum ether in a separating funnel
[14].

2.4. Determination of Sodium Benzoate and Potassium
Sorbate

Sodium Benzoate and Potassium Sorbate were determined
by means of a UV method described [15]. The absorbances of
the standards prepared in 2.3 above were taken on a UV-Vis
spectrophotometer at 227 and 250 nm (Pre-determined) for
sodium benzoate and potassium sorbate respectively.
Calibration graphs were plotted accordingly and the
absorbances of the prepared samples were taken at the
respective wavelengths for the analytes. Concentrations were
determined by extrapolation from the calibration curves.

2.5. Method Validation
2.5.1. Determination of Wavelength of Maximum
Absorption

Appropriate volumes of standard stock solutions of Sodium
benzoate and Potassium sorbate were separately transferred
into 10 ml volumetric flasks and diluted to mark with distilled
water to give 5 mg/L concentration. To determine the
wavelengths for maximum absorption (1n.x), the standard
solutions were scanned in the UV range of 200—400 nm using
the diluent as blank.

2.5.2. Accuracy

Sample recovery was used to determine accuracy; Known
amounts of Sodium benzoate and Potassium Sorbate were
added to some pre- analysed sample solutions at different
levels (80%, 100%, and 120%). The solutions were then
re-analyzed and accuracy was estimated as percentage of
preservatives recovered from the mixture.

2.5.3. Precision

Precision was studied as intraday variation; 100 mg/L
solutions of Sodium benzoate and Potassium Sorbate were
analysed five times in the same day and the relative standard
deviation (RSD) for the measurements were taken as
estimation of precision.
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2.5.4. Sensitivity

The sensitivity of measurements of was estimated in terms
of the limit of quantification (LOQ) and limit of detection
(LOD). The LOQ and LOD were calculated using the
equations LOD=3.3 x N/B and LOQ=10 x N/B, where ‘N’ is
standard deviation of the peak areas of the drugs (n=3), taken
as a measure of noise, and ‘B’ is the slope of the corresponding
calibration curve.

2.6. Health Risk Assessment

The health risk assessment for Sodium benzoate and
Potassium sorbate in the investigated samples was done
according to the method described by Caleshtori et al., [16]
(with slight modifications). The daily consumption for ready
to serve juice and carbonated soft drinks was estimated as 500
mL/day. Chronic daily intakes (CDI) of Sodium benzoate and
Potassium sorbate for each sample were calculated as:

CDI=c x DI/BW

Where; CDI is chronic daily intake for a consumer (mg/kg
body weight/day),

¢ is additive concentration (mg/L),

DI is Daily intake (L/day),

BW is body weight

To determine the significant exposure and overall potential
for non-carcinogenic health effects by the additives (sodium
benzoate and potassium sorbate), the target hazard quotient
(THQ) was calculated using the equation:

THQ=CDI/RD

Where; CDI is chronic daily intake (mg/kg bw/day) and

RfD is reference dose (mg/kg bw/day).

The RfD values used in this study were 4 and 25 (mg/Kg
bw/d) for Sodium benzoate and Potassium sorbate,
respectively [17, 18].

A THQ value more than 1 (THQ > 1) | indicates a
significant risk level [19].

3. Results and Discussions

In this study, a UV spectrophotometric method was used for
the determination of the preservatives sodium benzoate and
potassium sorbate in fruit juice and soft drink samples. The
method was first validated with respect to Amax, linearity,
precision, accuracy and sensitivity. These analytical
parameters are presented in Table 1. The wave length for
maximum absorption (Amax) was found to be 225 nm for
sodium benzoate and 256 nm for potassium sorbate. The linear
regression data for the calibration curves showed good linear
relationship over the analysed concentration range (50-300
mg/L). For sodium benzoate, the linear regression equation
was found to be Y=0.0073x + 0.1953 with a correlation
coefficient of 0.9923 and for potassium sorbate the regression
equation was ¥=0.0113x + 0.2269 (R*=0.9968). The method
indicated high precision as the RSD values for 5 replicate
determinations (intraday) were 1.67% and 2.36% for sodium

benzoate and potassium sorbate respectively. Mean recoveries
for benzoate and sorbate were found to be 94.54 — 97.25% and
92.7 — 96.82% respectively (n=5). This indicates that the
method shows good accuracy for the determination of the
preservatives. The sensitivity of the method evaluated in terms
of limit of detection (LOD) and limit of quantitation (LOQ)
revealed. 1.35 and 4.11mg/L as LOD and LOQ values for
sodium benzoate. For potassium sorbate the determined LOD
and LOQ values were 0.87 and 2.65 mg/L respectively.

Table 1. Analytical characteristics of method.

Analytlca! . Sodium benzoate Potassium sorbate

characteristics

Amax 225 256

Sl ot Y=20.0073x +0.1953 Y=20,01 13x +0.2269
(R™=0.9923) (R"=0.9968)

LOD (mgL™) 1.35 4.11

LOQ (mgL™) 0.87 2.56

Precision (%RSD) 1.67 2.36

Accuracy (% recovery)  94.54 —97.25 92.7-96.82

Sodium benzoate and Potassium sorbate were found in varying
amounts in the samples analysed in this study. The result of the
analysis of fruit juice samples is presented in Table 2. All the fruit
juice products contained sodium benzoate while eight (8) out of
the ten (10) samples contained Potassium sorbate. The benzoate
and sorbate concentrations ranged between 25.80 — 245.10 mg/L
and 1.36 — 85.54 mg/L respectively. The determination of the
preservatives in carbonated soft drinks revealed a concentration
range of 14.25 — 218.32 mg/L for benzoate and 2.22 — 158.0
mg/L for sorbate (Table 3). Our findings show that all the
analysed samples were positive for at least one of the
preservatives investigated. The most prevalent however was
benzoate as all the samples were positive for it.

A limit of 150 mg/L and 300 mg/L have been set for benzoate
(benzoic acid) and sorbate (sorbic acid) respectively, if they are
found separately in packaged drinks and 150 and 250 mg/L if
they are found together in a particular drink [3]. Our results show
that three fruit juice brands (samples B, D and H) and four soft
drink brands (L, M, R and T) contain sodium benzoate above the
permissible limit. The sorbate concentrations obtained in this
study were all less than 250 mg/L therefore are within acceptable
limits. Overall, only sodium benzoate was found above
permissible limits in some of the analysed samples and this
category represents 35% of the total samples investigated.

Table 2. Determination of Sodium benzoate and Potassium Sorbate in fruit
Juice samples.

Sample Concentration of Sodium  Concentration of
code benzoate (mg/L) Potassium sorbate (mg/L)
A 96.42+1.74 65.24+2.04

B 212.56+4.82 6.55+1.84

C 132.05+3.44 15.75+1.58

D 245.10+2.96 1.36+0.85

E 116.41+1.74 2.40+0.12

F 75.56+2.25 35.28+3.20

G 25.80+1.74 122.50+5.25

H 196.65+6.40 ND

1 46.33+2.85 ND

J 96.42+1.74 85.54+4.08
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Table 3. Determination of Sodium benzoate and Potassium Sorbate in
carbonated Soft drinks.

Sample Concentration of sodium Concentration of
code benzoate (Mg/L) Potassium sorbate (Mg/L)
K 102.54+3.14 ND

L 182.21+6.45 ND

M 174.80+5.76 ND

N 65.32+1.68 16.55+1.56

(0] 14.2542.55 1584+2.60

P 56.52+1.84 111.3+3.76

Q 126.60+3.28 ND

R 218.32+0.72 78.6+6.50

S 161.204+2.32 35.45

T 142.4+5.22 2.22+1.06

The levels of preservatives obtained in this study have
been compared with values reported from similar studies in
other countries (Figures 1 and 2). An evaluation of the levels
of preservatives in certain food stuffs in Iran [20] revealed
average benzoate concentration of 103.2 ppm in soft drinks
with a range of 83.2—125.0 ppm. The mean value reported
here is slightly lower than what we report in the current study
which is 114.42 ppm. A study on the levels of benzoic acid in
Soft Drinks and fruit Juices sold in Ghana [21] recorded
mean benzoate concentrations of 70.20 mg/L and 31.00
mg/L for soft drinks and fruit juice samples respectively.
These values are lower than what was obtained in our current
study. Levels of Sodium benzoate (151.76 — 190.04 ppm)
higher than the current study have been recorded in a study
carried out on Bangladesh soft drinks [22]. Similar studies in
India [23] and Srilanka [24] also recorded much higher
levels of benzoate than this study; the reported values were
17235 — 39644 and 33 - 631ppm respectively.
Concentrations of benzoate ranging from 1.03 to 60 ppm
have been reported for soft drinks and related beverages sold
in Pakistan [25]; these values are much lower than what we
report in this study.

Varying levels of Potassium sorbate in soft drinks and
fruit juices have been recorded by different researchers
across the globe. Figure 2 presents a comparison of the
concentrations obtained in this study with some reported
values from literature. Sorbate concentration ranging from
1.2 — 316.6 ppm was recorded for a study in Iran [26].
Another Study in Iran reported < 1.5 - 233.33 ppm reported
for fruit juice and soft drinks [20]. Sorbic acid levels in
carbonated beverages, jelly drinks and ready to serve soft
drinks in Sri lanka have been shown to range from 23 — 582
ppm [24]. These values are higher than the 1.3 — 158 ppm
range recorded in this study. Higher sorbate levels than our
present study have also been reported for a study carried out
in Lagos, Nigeria [27]; their obtained concentration ranged
from 1.15 — 499 ppm. A study in Chennai, India also
recorded higher potassium sorbate levels than the current
study [28]; the reported values ranged from 120 — 562 ppm.
A study carried out in Pakistan [25] showed no potassium
sorbate in the soft drinks and fruit juice samples analysed.
Our findings from literature suggest that sodium benzoate is
a more preferred preservative than potassium sorbate for use
in soft drinks and related beverages.
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Figure 1. Comparison of Sodium Benzoate levels in Current study with other
Studies from Literature.
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Figure 2. Comparison of Potassium Sorbate levels in Current study with
other Studies from Literature.

The exposure estimation and health risk assessment of the
preservatives (Sodium benzoate and potassium sorbate) as
evaluated from the beverages analysed are presented in Tables
4 and 5. The assessments were made under the assumption
that 50cl (500ml) is taken daily. For sodium benzoate (Table
4), the chronic daily intake (CDI) ranged from 0.1 — 12.26
mg/kg bw/day for the different body weights considered in
this study. The Acceptable daily intake (ADI) for benzoates
ranges from 0 — 5Smg/kg bw. From our assessments, it can be
seen that the ADI would be exceeded from consumption of
some of the investigated brands by persons within 10 — 20 kg
body weights. The total hazard quotient (THQ) evaluated for
sodium benzoate ranged from 0.02 to 3.03. A THQ value more
than 1 (THQ>1) shows a significant risk level and the higher
the wvalue, the greater the likelithood of adverse
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non-carcinogenic health impact [19]. Our results here show
that the categories that would most likely face significant risks
are those with weights < 30. These categories are usually
children within the ages of 2 to 10 years. A total of 14 out of
the 20 investigated samples could therefore be considered as
unsafe for consumption by children.

The assessment for potassium sorbate (Table 5) revealed
CDI values between 0.009 — 7.9 mg/kg bw/day and THQ from
0.0003 — 0.32. The low THQ values obtained here are a
reflection of the relatively low levels of sorbate obtained in the

investigated samples and also the high ADI of potassium
sorbate which is 250 mg/kgbw. Since all the THQ values are
lower than 1, it can be concluded that no significant health risk
would result from the sorbate contents of the beverages under
consideration. It should be noted however that even samples
with low THQ can present health risks when other food
sources of the preservatives are consumed; the intakes from all
food sources would contribute to elevating the daily hazard
index (HI) which is the sum of THQs from all ingested foods.

Table 4. Exposure estimation and Health risk assessment of Sodium Benzoate in Fruit juice and soft drinks samples.

Consumer body weight (Kg) CDI (mg/kg bw/day) THQ No. of Samples with THQ>1
10 0.71 -12.26 0.73-3.03 14

20 0.36-6.18 0.6-1.55 8

30 0.24-4.08 0.06 —1.02 1

40 0.18 —-3.06 0.05-0.77 0

50 0.14-2.45 0.03 -0.61 0

60 0.12 - 2.04 0.03-0.5 0

70 0.10-1.75 0.02 -0.43 0

Calculation was based on the assumption that 500ml is taken each day.
BW=bodyweight, CDI=Chronic daily intake, THQ=Total hazard quotient.

Table 5. Exposure estimation and Health risk assessment of Potassium sorbate in Fruit juice and soft drinks samples.

Consumer body weight (Kg) CDI (mg/kg bw/day) THQ No. of Samples with THQ>1
10 0.068 — 7.9 0.03-0.32 0
20 0.034 - 3.95 0.001-0.16 0
30 0.02-2.6 0.001-0.1 0
40 0.017-1.98 0.001 —0.08 0
50 0.014-1.58 0.0005 — 0.06 0
60 0.011-1.32 0.0004 —0.05 0
70 0.009-1.13 0.0003 —0.05 0

Calculation was based on the assumption that 500ml is taken each day.
BW=bodyweight, CDI=Chronic daily intake, THQ=Total hazard quotient.

4. Conclusion and Recommendations

The current study shows the presence of sodium benzoate
and potassium sorbate in some soft drinks and fruit juice
products marketed in Nigeria. Among the two preservatives,
Sodium benzoate appears to be more preferred by producers in
the country. The levels of the preservatives in the samples
investigated were mostly within acceptable limits; 100% and
65% safe levels were recorded with respect to potassium
sorbate and sodium benzoate respectively. Although most of
the analysed brands can be labelled as safe with respect to
allowed levels of the preservatives, the risk assessment carried
out indicated that 70% of the samples could present health
risks to children with body weights < 30kg. In view of this, we
recommend that the feeding of commercial fruit juices and
soft drinks to children should generally be minimised or
avoided. Regular testing and safety evaluation of additives in
soft drinks and related beverages is highly recommended
because soft drinks are among the most consumed products
globally. Worldwide, the soft drinks market consumes about
392 billion litres yearly and this quantity is said to be growing
by 5% each year [29]. The relevance of such beverages in food
safety issues can therefore not be over emphasised. There is

need for risk assessments of additives to be undertaken to an
increased extent globally in order to establish better
regulations for the protection of human health.
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