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Abstract

Soft drinks consumption is still a controversial issue for public health and public policy, as the influence storage
condition impacts taste, color and shelf life. In all, fifty (50) soft drinks samples, acquired from Enugu, Aba, Asaba,
Onitsha and Owerri markets in Nigeria, were subjected to four different storage conditions namely: room temperature
(RT), refrigerated (RF), 40 °C and 60 °C for 15 days after which they were analyzed for sodium benzoate concentration
using HPLC — UV/Vis detector. The results showed on the average that at RT and RF, soft drinks from Aba had the
highest concentration of sodium benzoate (98.7 mg/L and 112.9 mg/L) respectively while samples from Asaba had least
concentration of 39.9 mg/L and 38.1 mg/L. At increased temperature of 40 °C, the concentration of sodium benzoate
increased generally across the sample, while at 60 °C, the levels in all the samples analyzed were either reduced to less
than 50% or below detection level, which suggest that degradation of sodium benzoate at this elevated temperature
could result in benzene formation, which is a known carcinogen. Carcinogenic and non-carcinogenic risk assessment
showed that children are at risk compared to adults due to higher sodium benzoate daily intake leading to high rate of
hyperactivity in correlation to malaise.
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Introduction

Artificial sweeteners, preservatives and dyes are widely added to soft drinks either to enhance the flavor and
appearance or to extend their shelf life by preventing biological degradation [1]. Soft drinks have become part of the global
lifestyle since the 19" century and many of the soft drinks being consumed at present are the same as those first enjoyed in
centuries ago. The ingredients used in soft drink beverages are approved and closely regulated by bodies such as the US
Food and Drug Administrator or the food standard agencies in respective countries [2]. Since several of these additives are
prepared by chemical synthesis, their presence in food and drinks is the cause of extensive consumer’s mistrust, in that they
may exhibit adverse effects on their health over a long period [3,4]. Consequently, many governments’ entities have set
threshold value for the Acceptable Daily Intake (ADI) varying from country to country [5,6].

Packaged food and drinks are one of the fastest growing industries in the present era. Numerous forms of
preservation techniques such as pasteurization, freezing, drying and application of chemicals have been designed to extend
the which is aimed at extending the shelf life and quality of these products, reduce microbial contamination and also
maintain antioxidant potential to serve customers need [6,7].

Several food and drink preservatives have been developed via physical, chemical, or biological methods or
combined to maintain the shelf life such as acidification, pH control water and air removal, temperature control, freezing,
irradiation, fermentation, sterilization or pasteurization [8,9]. Usually, diverse additives and preservatives such as
sweeteners, carbon dioxide, acidulants, flavorings, coloring, chemical preservatives, antioxidant, and/or foaming agents are
added to soft drinks to maintain taste, color and shelf life of such products [10].

Beverage manufacturers recommend that soft drinks products should be stored in room temperature (20-30 °C).
This may not be realized in Nigerian weather as temperature often overshoots to 36-40 °C across varying locations [11,12].
Due to such temperature, physiochemical and biological reactions take place producing harmful products. For example,
claims have been made that if Sodium benzoate and vitamin C is exposed to elevated temperature or sunlight, it forms
benzene which is a Group 1 cancer causing chemical as labelled by International Agency for Research on Cancer, IARC
[13,14]. Preliminary examination of various storage spaces where soft drinks are stored indicated that in most cases, soft
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drinks are left in open places usually under the sun thereby increasing the possibility for high benzene formation over a
period of time. The aim of the study is to assess the effect of storage condition and risk assessment of sodium benzoate
concentration in different soft drinks brands sold in Nigeria.

Materials and Methods

Sodium benzoate reference standard was purchased from Merck, assay 99%. Acetonitrile HPLC grade (Merck,
assay 99%). Deionized water concentrated phosphoric acid (Buffer pH adjustment) and Potassium dihydrogen
orthophosphate (AR grade), which were all sourced and supplied by Merck Nigeria. Elite Lachrome High Pressure Liquid
Chromatography equipped with Ultraviolet/Visible spectrophotometer detector was used for calibration and quantitative
measurement, Seven Excellence Metler Toledo pH meter, Metler Toledo analytical balance, Refrigerator, Ultrasonic bath
and Carbolite oven were all used for the research work.

Sample collection

Fifty different types of soft drinks were purchased in dozen (12) from Enugu, Aba, Asaba, Onitsha and Owerri
market in Nigeria as shown in Table 1. The samples were well labelled for proper identification and taken to National
Agency for Food and Drug Administration and Control, NAFDAC Agulu Laboratory Services, Agulu, Anambra State,
Nigeria for analysis. Triplicate samples were stored in different preservation condition such as room temperature (RT),
refrigerated (RF), oven (40 °C and 60 °C) for 15 days.

Table 1. Soft drinks according to place of purchase brand identity and packaging quantity.

S/IN Enugu Owerri Asaba Aba Onitsha
1 FFD (500 mL) 1FPD (350 mL) STW (500 mL) CD (330 mL) FPGF (500 mL)
2 MPF (500 mL) RA (500 mL) SCS (500 mL) MCD (750 mL) PSFD (250 mL)
3 NBBLE (500 mL) ~ LCAD (500mL)  VSBRFD (500 mL)  FCNAGFD (750 mL) PCFD (250 mL)
4 2CTMF (500 mL)  NHED (750 mL) BTF (500 mL) PDMEFD (750 mL) HH (180 mL)
5  GJOFD (3000mL)  ESCD (500 mL) SBL (500 mL) CAFD (750 mL) POFD (250 mL)
6 RP (500 mL) FCGEFD (750 mL) FED (500 mL) DSRGEFJ (750 mL) PPFD (250 mL)
7 RO (500 mL) BBD (1000 mL) SFD (500 mL) MBHEFD (500 mL) MFHPFD (230 mL)
8 SD (350 mL) BLC (1000 mL) TT (500 mL)
9 FD (350 mL) BOD (1000 mL) SLD (500 mL)
10 JOFD (3000 mL) SU (500 mL)
11 FFN (250 mL) PC (500 mL)
12 CSFD (200 mL) CC (350 mL)
13 SCNAD (500 mL)
14 BBL (500 mL)
15 Hoh (500 mL)

Preparation of standards
Preparation of buffer pH 3.5 solution

1.70 g of potassium dihydrogen orthophosphate were weighed into 1000 mL volumetric flask, 750 mL of deionized
water were added and shake for dissolution. pH was checked and adjusted to 3.5 with phosphoric acid and later made up
to mark with deionized water. The mobile phase was prepared by mixing equal volume of 500 mL of acetonitrile and buffer
pH 3.5 solutions into a 1000 mL volumetric flask and sonicated for 30 minutes for degassing.

Preparation of stock solution

50 mg of sodium benzoate was weighed into 50 mL volumetric flask, about 20 mL of deionized water added,
sonicated for 10 minutes and later made up to mark with deionized water to get 1 mg/mL (1000 ppm) concentration
accordingly. High Pressure Liquid chromatography (HPLC) calibration was done by pipetting 0.1, 0.3, 0.4, 0.5 and 0.6 mL
of stock solution into different 10 mL flask with deionized water to obtain 10, 30, 40, 50 and 60 ppm. These samples were
filtered through 0.45 pm pore size membrane filter and filled into auto sampler vial for injection. Calibration curve of
concentration was plotted against area to get slope.

Determination of sodium benzoate
The samples (soft drinks) were aspirated into HPLC equipped with Ultraviolet/Visible spectrophotometer
detector for qualitative and quantitative analysis of sodium benzoate at different storage condition [15]. Each sample was
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shaken for proper homogenization and the gas allowed to settle. 20 mL of sample was measure into 100 mL volumetric flask,
50 mL deionized water added and sonicated for 5 minutes, and was later made to 100 mL mark. The resultant solution was
filtered using membrane filter with pore size of 0.45 um and transferred to sample vial for injection. The samples were
analyzed using HPLC with wavelength of 220 nm, flow rate of 0.8 mL/minutes, injection volume 20 uL, column temperature
set at ambient, diluent being deionized water, mobile phase was 500 mL acetonitrile with 500 mL buffer 3.5 solution (50%:
50%) [16]. The concentration of sodium benzoate, which produced a regression of 0.9997 were calculated using the equation
below:

Concentration (mg/L) = mg/mL (from calibration curve)x1000 1)

Human exposure and health risk assessment

Risk assessment is a systematic toolkit used to estimate carcinogenic and non-carcinogenic health effect across
diverse exposure medium [17]. Estimated exposure dose (EED) was considered to assess sodium benzoate content across
different soft drinks sold in selected markets in Nigeria using the equation (2):

gep = (&R ) @

where, EED is predictable exposure dose of soft drinks (mg/kg/day); Cx is sodium benzoate concentration (mg L) in soft
drinks; IR is ingestion rate (1.2 L/day for adults and 0.6 L/day for children); BW is body weight (70 kg for adults and 15 kg
for children).

The EED results were analyzed to assess non-carcinogenic health effect (HQ) and carcinogenic health effect (ECR)
using the formula [18,20,21]:

HQ = (EED/RfD) @)
ECR = (BMPL/gep) @

where, HQ is hazard quotient, a non-carcinogenic risk that expresses probable health effect (unit-less); RfD is reference dose
of sodium benzoate (4.00 mg/kg/day); ECR is excess cancer risk used to characterize carcinogenic effect to oral exposure of
sodium benzoate; BMDL is bench mark dose lower limit (17.60 mg/kg/day).

Results and Discussion

Sodium benzoate concentration
In this study, HPLC separation techniques were used for determination of sodium benzoate in selected soft drinks
samples across different storage condition and locations.

Soft drinks in Enugu, Nigeria

The result of analysis of nine soft drinks for level of sodium benzoate in Enugu, Nigeria is presented in Table 2.
Considering nine (9) different types of soft drinks, at room temperature, RT, NBBLE has the highest concentration of sodium
benzoate (179 mg L) with RO having the least (26 mg L-'). At refrigeration, RF preservation condition, NBBLE also has the
highest concentration of 112 mg L with RP and SD having the lowest of 28 mg L. At 40 °C preservation condition, GJOFD
has the highest concentration of 128 mg L, with RP having the least (32 mg L"). At 60 °C preservation condition, the
concentration of sodium benzoate in the samples all reduced drastically (with the exemption of SD with 102 mg L), with
the least being RP (15 mg L-!). In all the preservation conditions, none of the samples has quantity of sodium benzoate higher
than approved limit of 250 mg L. This is in tandem with the result presented by Badamasi et al. [22] in Jigawa State, Nigeria.

Table 2. Result of sodium benzoate in soft drinks samples obtained from Enugu, Nigeria.

S/N Sample code RT (mg L) RF (mg L) 40 °C (mg L) 60 °C (mg L)
1 FFD (500 mL) 64 58 67 25
2 MPF (500 mL) 90.2 85 65 25
3 NBBLE (500 mL) 179 112 53 19
4 2CTMF (500 mL) 62.5 61.2 70 24
5 GJOFD (3000 mL) 81.8 62.1 128 53
6 RP (500 mL) 40 28 32 15
7 RO (500 mL) 26 40 48 21
8 SD (350 mL) 30 28 67 102
9 FD (350 mL) 32 37 72 45

RT=Room Temperature @29.6°C, RF=Refrigeration @8.2 °C
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Soft drinks in Owerri, Nigeria

The result of analysis of twelve soft drinks for level of sodium benzoate in Owerri, Nigeria is presented in Table
3. This shows that ESCD has the highest concentration of sodium benzoate (242 mg L) at RT with 1FPD and RA having the
lowest (18 mg L-1). ESCD has the highest concentration at all preservation conditions. JOFD has the lowest concentrations
of sodium benzoate in all preservation conditions (17 mg L' in RF, 23 mg L' in 40 °C and 14 mg L in 60 °C) with exemption
of RT where it has second lowest concentration of 25 mg L. It is noticeable that there was general increase in the
concentration of sodium benzoate in all the samples at 40 °C (with ESCD having the highest of 584 mg L), while sharp
decrease was observed at 60 °C, showing there was degradation of sodium benzoate at that temperature.

Table 3. Result of sodium benzoate in soft drinks samples obtained from Owerri, Nigeria.

S/N Name of product RT (mg L) RF (mg L) 40 °C (mg L") 60 °C (mg L")
1 1FPD (350 mL) 18 31 47 19
2 RA (500 mL) 18 20 49 17
3 LCAD (500 mL) 26 25 50 14
4 NHFD (750 mL) 93 95 310 81
5 ESCD (500 mL) 242 275 584 112
6 FCGFD (750 mL) 102 115 290 83
7 BBD (1000 mL) 70 90 203 73
8 BLC (1000 mL) 193 171 267 111
9 BOD (1000 mL) 131 69 197 84
10 JOFD (3000 mL) 25 17 23 14
11 FEN (250 mL) 42 42 81 34
12 CSFD (200 mL) 30 30 80 25

RT=Room Temperature @29.6 °C, RF=Refrigeration @8.2 °C.

Soft drinks in Asaba, Nigeria

The result of analysis of fifteen soft drinks for levels of sodium benzoate in Asaba, Nigeria is presented in Table 4.
Sodium benzoate concentration was not detected in PC and CC at RT, RF and 60 °C. However, negligible concentrations of
17 mg L' and 2 mg L respectively were detected at 40 °C. SCS has the highest concentrations of 69 mg L' at RT, 78 mg L-!
at RF, 115 mg L at 40 °C and 51 mg L at 60 °C. The excessive high level at 40 °C can be attributed to formation of more
sodium benzoate because of the presence of soda in SCS drink. General decrease in the amount of sodium benzoate is
noticed at 60 °C, this complies with the trend, on the assumption that sodium benzoate degrades to benzene at high
temperature like 60 °C.

Table 4. Result of sodium benzoate in soft drinks samples obtained from Asaba, Nigeria.

S/N Sample code RT (mg L) RF (mg L) 40°C (mg L) 60°C (mg L)
1 STW (500 mL) 52 54 48 21
2 SCS (500 mL) 69 78 115 51
3 VSBREFD (500 mL) 28 36 29 25
4 BTF (500 mL) 45 25 67 25
5 SBL (500 mL) 23 30 26 09
6 FED (500 mL) 50 34 68 28
7 SFD (500 mL) 28 30 58 18
8 TT (500 mL) 42 47 62 25
9 SLD (500 mL) 21 24 29 14
10 SU (500 mL) 34 38 41 19
11 PC (500 mL) - - 17 -
12 CC (350 mL) - - 02 -
13 SCNAD (500 mL) 38 24 57 22
14 BBL (500 mL) 58 43 59 23
15 Hoh (500 mL) 31 32 57 17

Soft drinks in Aba, Nigeria
The result of analysis of seven soft drinks for levels of sodium benzoate in Aba, Nigeria is presented in Table 5.
There was general increase in the concentrations of sodium benzoate in all the samples at 40 °C. At 60 °C, the concentrations
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dropped generally, with MBHFD having the least (14 mg L-'). PDMFD the highest concentrations on 161 mg L at RT, 193
mg L at RF, 475 mg L at 40 °C and 131 mg L at 60 °C. At RT, DSRGF]J has the least concentration of 46 mg L-! while CD
has the least of 36 mg L at RF condition.

Table 5. Result of sodium benzoate in soft drinks samples obtained from Aba, Nigeria.

S/N Sample code RT (mg L") RF (mg L) 40 °C (mg L") 60 °C (mg L)
1 CD (330 mL) 70 36 139 39
2 MCD (750 mL) 111 133 296 112
3 FCNAGEFD (750 mL) 70 52 233 68
4 PDMEFD (750 mL) 161 193 475 131
5 CAFD (750 mL) 122 189 418 112
6 DSRGFJ (750 mL) 46 68 126 41
7 MBHEFD (500 mL) 111 119 295 14

RT=Room Temperature @29.6 °C, RF=Refrigeration @8.2 °C

Soft drinks in Onitsha, Nigeria.

The result of analysis of seven soft drinks for levels of sodium benzoate in Onitsha, Nigeria is presented in Table
6. Upon examination of the table, at RT, it was observed that FPGF has the highest concentration of sodium benzoate (116
mg L), MFHPFD has the least (27 mg L). There was general steady reduction (with exemption of MFHPFD, which has 42
mg L) in the concentrations at RF preservation condition when compared with RT preservation condition. General
increment (except FPGF and HH) in the concentration was observed at 40 °C. In consonance with the trend, general decrease
in concentration of sodium benzoate was observed when the samples were subjected to preservation condition of 60 °C.

Table 6. Result of sodium benzoate in soft drinks samples obtained from Onitsha, Nigeria.

S/N Sample code RT (mg L") RF (mg L) 40 °C (mg L") 60 °C (mg L)
1 FPGF (500 mL) 116 64 60 12
2 PSED (250 mL) 37 33 46 25
3 PCFD (250 mL) 42 24 83 27
4 HH (180 mL) 43 43 01 00
5 POFD (250 mL) 42 33 88 24
6 PPFD (250 mL) 45 29 58 24
7 MFHPEFD (230 mL) 27 42 63 24

RT=Room Temperature @29.6 °C, RF=Refrigeration @8.2 °C.

Effect of storage condition on sodium benzoate

Sodium benzoate was found to vary across different storage conditions. The World Health Organization, WHO
limit for benzoate (benzoic acid) is 250 mg L* [23]. Our findings showed that some samples had extremely high
concentration of sodium benzoates. This increases the possibility of benzoic acid formation in the presence of light or heat,
which further produces benzene as shown in the equations below:

Heat or Light

Sodium Benzoate + acids additives «————— Benzoic acid + sodium acid salts (5)
X .. Heator Light .
Benzoic acid ———— Benzene + carbondioxide (6)

Several studies by Onwordi et al. [24] confirmed high level of benzoic acid of about 71.4%, in agreement to Venu
and Austin. [25], Amponsah [26] and Mazdeh et al. [27] assessments, which implies that high storage conditions above room
temperature have potential to increase benzoic acid concentration that is detrimental to human health and wellbeing in
addition to benzene formation, a known carcinogen over a period of time. As seen in equation (5) and (6), food grade
acidulants such as dilute citric acid and sodium citrate are added for preservatives and taste can be impacted by temperature
change. So therefore, when high to extreme temperature influences the soft drink beverages, it can lead to decrease in
sodium benzoate, as seen in Table 2-6 implying that further reaction to benzene is formed [12,48].

Benzoates are categorized into E210-E219 used as food labels according to international numbering system (INS)
[28,29]. Benzoates are used as preservative for antimicrobial mitigation with antioxidant properties in soft drinks by
increasing acidity, when dissolved in water [30,31].

Sodium benzoates is used for treatment of urinary cycle disorder (UCD) in newborn [32], it is also used in
treatment and/or reduction of hyperammonemia in humans, that is breakdown of amino acid to ammonia is rapidly
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converted to urea, which is excreted as urine, as ammonia is highly toxic to nerve cells [33,34]. Several studies have indicated
that sodium benzoates have anti-inflammatory properties and neurological protection to humans [35-37].

Sodium benzoates has negative adverse effects to human health in high concentration, when consumed, it has
negative effect on asthmatic patients causing rhinitis, chronic urticarial and as benzoates can cause brain damage [13,38,39].
Also, high benzene in the body is carcinogenic, which is formed during storage condition influenced by high temperature
through decarboxylation of benzoates by hydroxyl radicals as seen in equation 5 and 6 [40]. Elevated temperature and
ultraviolet light initiates or accelerate sugar degradation and hydroxyl radical formation by metallic ions, as
recommendation by WHO/FDA and other international agencies has recommended use of potassium benzoates that is least
reactive compared to sodium benzoates [12,41].

Non-carcinogenic risk assessment

Non-carcinogenic assessment was conducted for oral exposure to sodium benzoates in adults and children at
different storage condition as shown in Table 7. It shows the estimated exposure dose and hazard quotient calculated from
sodium benzoate concentration values. The values were analyzed for adults and children at different storage condition that
is room temperature (RT), refrigeration and 40 °C, as temperature above 60 °C is not possible except direct exposure to
external heat source (boiling).

Preliminary assessment shows that Estimated Exposure dose, EED values for children were higher than adults
across all locations as higher values are attributed to sodium benzoate detected at different storage conditions. The hazard
quotient analyzed depicts that values above one (1) shows probable health effect due to consumption of sodium benzoate,
as we can see, children are at risk compared to adults across exposed population over a period of time [19,42].

Table 7. Range of estimated exposure dose and hazard quotient of sodium benzoate across different soft drinks.

Recipients Locations Estimated exposure dose (EED) (mg kg* day?) Hazard Quotient (HQ)
RT RF 40 °C RT RF 40 °C
Enugu 0.45-3.07 0.48-1.92 0.55-2.19 0.11-0.77 0.12-0.48 0.14-0.55
Adults Owerri 0.31-4.15 0.29-4.71 0.39-10.00 0.08-1.04 0.07-1.18 0.10-2.50
Asaba 0.36-1.18 0.41-1.34 0.03-1.97 0.00-0.30 0.00-0.33 0.01-0.49
Aba 0.79-2.76 0.62-3.31 2.16-8.14 0.20-0.69 0.15-0.83 0.54-2.04
Onitsha 0.46-1.99 0.41-1.10 0.02-1.51 0.12-0.50 0.10-0.27 0.00-0.38
Enugu 1.04-7.16 1.12-4.48 1.28-5.12 0.26-1.79 0.28-1.12 0.32-1.28
Children Owerri 0.72-9.68 0.68-11.00 0.92-23.36 0.18-2.42 0.17-2.75 0.23-5.84
Asaba 0.84-2.76 0.96-3.12 0.08-4.60 0.21-0.69 0.24-0.78 0.02-1.15
Aba 1.84-6.44 1.44-7.72 5.04-19.00 0.46-1.61 0.36-1.93 1.26-4.75
Onitsha 1.08-4.64 0.96-2.56 0.04-3.52 0.27-1.16 0.24-0.64 0.01-0.88

Values presented as: minimum-maximum

Carcinogenic risk assessment

Carcinogenic risk assessment was conducted using excess cancer risk (ECR), which deals with carcinogenic
and genotoxic influence. Table 8 shows the margin of exposure calculated from estimated exposure dose for different soft
drinks across different locations. In terms of locations, consumption of soft drinks from Owerri and Aba is very likely
compared to other locations. The ECR shows carcinogenic and genotoxic influence of benzene from consumption of soft
drinks with sodium benzoate concentration [20], that is within USEPA standard of 10,000-1,000,000 for exposed population
[43]. Although, ECR values were okay for the population size, that is ECR<10,000, it shows that adults are more at risk
compared to children for Asaba and Onitsha. According to USEPA carcinogenic range (10,000-1,000,000) is desirable to
prevent carcinogenic health effect over a population; so therefore, adults are at risk compared to children as ECR values
were less than 10,000 raise health concerns to consumption of sodium benzoate [18,20,44,45].

Expert has correlated that food and drinks causes adverse health effect over a lifetime leading to cancer related
issues. Chemical precursors of benzene such as benzoates and benzoic acid triggers hyperactivity in children, as other
related health effect includes malaise (vomiting, headaches, body weakness, esophagus irritation), pseudo-allergy, urticarial
and DNA changes [23,46-48]. World health organization (WHO) review shows that sodium benzoate symptoms are
relatively mild and fade-off within few hours but can be adverse health effect over prolong consumption of soft drinks [23,
47-50].
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Table 8. Range of margin of exposure of sodium benzoate across different soft drinks.

Recipient Locations Excess cancer risk (ECR)
RT RF 40 °C
Enugu 5.74-39.49 9.17-36.67 8.02-32.08
Owerri 4.24-57.04 3.73-60.39 1.76-44.64
Adults
Asaba 14.9-48.89 13.20-42.78 8.93-513.33
Aba 6.38-22.32 5.32-28.52 2.16-8.15
Onitsha 8.85-38.02 16.00-42.78 11.70-1026.67
Enugu 2.46-16.92 3.93-15.71 3.44-13.75
Owerri 1.82-24.44 1.60-25.88 0.75-19.13
Children
Asaba 6.38-20.95 5.64-18.33 3.83-220
Aba 2.73-9.57 2.28-12.22 0.93-3.49
Onitsha 3.79-16.30 6.88-18.33 5.00-440
Conclusions

Having assessed the influence of storage condition, we observed on the average that room temperature showed
Aba having high level of sodium benzoates (98.7 mg L) while Asaba has least value (39.9 mg L). In the same trend,
refrigerated soft drinks showed that Aba has high sodium benzoate (112 mg L-!), while Asaba has least concentration (49
mg L1). For 40 °C and 60 °C, Aba have samples with highest sodium benzoate concentration (283.1 mg L and 73.9 mg L)
while Asaba and Onisha were least in concentration (49 mg L and 19.4 mg L' respectively). In addition, low sodium
benzoate concentration was observed across all samples at elevated temperature of 60 °C, which implies that sodium
benzoate degrades, forming benzene that is toxic to human health over a long period. Non-carcinogenic risk assessment
showed that children are at risk compared to adults as HQ were greater than one across all samples, while carcinogenic risk
assessment depicts that adults are risk compared to children from genotoxic and carcinogen influence of benzene precursors
(benzoic acid and benzoates). We recommend that all food and beverage manufacturers should look into different additives
that have similar property to sodium benzoate like potassium benzoates and other relevant stakeholders look into the
extreme concentration of sodium benzoates in all food and drugs products to mitigate adverse health complications to
humans. Finally, packaging labels should state that food and drinks should be stored in a cool environment void of light or
heat to preserve taste and color.
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