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ABSTRACT

Benzoic acid is widely used to control microbial spoilage in acidic beverages, but its
concentration requires routine verification. This study quantified benzoic acid in six
commercially available carbonated beverage samples by high-performance liquid
chromatography with ultraviolet detection. Samples were coded CB-1 to CB-6,
extracted in aqueous medium, filtered, and analysed at 230 nm using a phosphate-
buffer/acetonitrile mobile phase. External standards covering 10-100 mg/L were used
for calibration. Sample concentrations ranged from 235 to 450 mg/kg, with a mean of
358.5 mg/kg, a standard deviation of 79.9 mg/kg, and a median of 360.5 mg/kg. All six
samples were below the 600 mg/kg maximum listed by the Food Safety and Standards
Authority of India for water-based flavoured drinks. In comparison, only CB-1 was at or
below the Codex General Standard for Food Additives level of 250 mg/kg for the same
broad food category. The findings provide local market-surveillance data and show that
compliance conclusions depend on the regulatory benchmark applied. Larger surveys
supported by complete chromatographic validation records are required.

1. INTRODUCTION

Chemical preservatives help maintain the microbiological stability and shelf life of processed foods and
beverages. Their use is particularly important in acidic drinks, where yeasts and moulds may remain active
during storage. At the same time, preservative concentrations must be monitored because regulatory limits
differ by food category and jurisdiction [1].

Benzoic acid and its salts are effective mainly in acidic media because the undissociated form can
enter microbial cells and disrupt metabolic activity. Benzoic acid itself is not appropriately described as a
direct carcinogen at permitted food-use levels; the principal beverage-related concern is the possible
formation of benzene when benzoate coexists with ascorbic acid under favourable processing or storage
conditions. Recent reviews therefore recommend exposure assessment and accurate analytical control
rather than unsupported general claims about toxicity [2].

Reversed-phase high-performance liquid chromatography with ultraviolet or photodiode-array
detection remains a widely applied approach for benzoate determination because it separates preservatives
from beverage constituents and permits quantitative comparison with external standards. Recent studies
have expanded sample preparation, method validation, and risk-assessment approaches for benzoic acid
and related preservatives in drinks and other food matrices [3, 4].

The present work does not propose a new chromatographic method. Its contribution is a focused
market-surveillance assessment of six coded carbonated beverage samples and a transparent comparison of
the measured concentrations with both Indian and Codex benchmarks. The objective was to determine
benzoic acid by HPLC-UV, summarise sample-level variation, and evaluate how the interpretation changes
with the regulatory standard applied.
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2. MATERIALS AND METHODS

2.1 Study Design and Samples

A cross-sectional laboratory assessment was conducted on six commercially available carbonated
beverages obtained from the local retail market. Brand identities were masked, and the samples were coded
CB-1 through CB-6. The study involved food products only and did not include human participants,
animals, or identifiable personal information.

2.2 Reagents and Laboratory Equipment

HPLC-grade acetonitrile, potassium dihydrogen orthophosphate, concentrated orthophosphoric acid,
deionised water, and a sodium benzoate reference standard were used. The equipment included an HPLC
system with ultraviolet detection, an analytical balance, pH meter, ultrasonic bath, centrifuge, volumetric
glassware, sample vials, microsyringe, and membrane syringe filters [5-7].

2.3 Mobile Phase and Standard Solutions

A 0.05 M potassium dihydrogen orthophosphate buffer was prepared by dissolving 6.8045 g of the salt in 1
L of deionised water. The pH was adjusted to 2.5 with orthophosphoric acid. The mobile phase consisted
of phosphate buffer and acetonitrile in a 70:30 (v/v) ratio and was filtered and degassed before use. A 1000
mg/L sodium benzoate stock solution was prepared by dissolving 0.100 g of standard in a 100 mL
volumetric flask. Working solutions of 10, 20, 40, 60, 80, and 100 mg/L were prepared by serial dilution
with the phosphate buffer [8, 9].

2.4 Sample Preparation

Approximately 25.0 g of each beverage sample was transferred to a beaker and mixed with 50 mL of
distilled water. The preparation was mixed thoroughly to release dissolved carbon dioxide, filtered, and
centrifuged at 10,000 rpm for 10 min. A 10 mL portion of the supernatant was diluted to 50 mL with
phosphate buffer. Before HPLC analysis, the solution was passed through a 0.20 micrometre syringe
membrane filter, the initial filtrate was discarded, and the remaining filtrate was transferred to an injection
vial.

2.5 Chromatographic Conditions

The working standards and sample extracts were analysed under isocratic reversed-phase conditions. The
injection volume was 10 microlitres, and ultraviolet detection was performed at 230 nm. This wavelength
lies within the commonly used 225-235 nm region for benzoate determination and provides strong
absorbance for quantitative HPLC-UV analysis [4, 10].

The working standards and sample extracts were analysed under isocratic reversed-phase HPLC
conditions. The injection volume was 10 pL, and ultraviolet detection was performed at 230 nm. This
wavelength lies within the commonly used 225-235 nm region for benzoate determination and provides
strong absorbance for quantitative HPLC-UV analysis [4,11]. Chromatographic separation was achieved
using a Shim-pack GIST C18 column (Shimadzu Corporation, Kyoto, Japan; 250 x 4.6 mm i.d., 5 pm
particle size). The mobile phase was delivered at a flow rate of 1.0 mL min™ under isocratic conditions.
The total run time was 10 min, and benzoic acid eluted at a retention time of approximately 4.8 min
under the optimised chromatographic conditions.

2.6 Quantification and Statistical Summary

A calibration curve was generated from the peak response of the working standards. The benzoic acid
concentration in each original sample was calculated from the concentration measured in the final extract,
the final extract volume, the sample mass, and any applied dilution factor:
C sample (mg/kg) = C extract (mg/L) x V final (mL) x DF / m sample (g) (D

Where C sample is the concentration in the beverage, C extract is the concentration obtained from the
calibration curve, V final is the final extract volume, DF is the additional dilution factor, and m sample is
the mass of sample extracted. Because replicate injection data and complete validation records were not
supplied, the analysis was limited to sample-level descriptive statistics. The mean, median, range, sample
standard deviation, and coefficient of variation were calculated from the six reported concentrations.
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3. RESULTS AND DISCUSSION

Benzoic acid was detected in all six beverage samples (Table 1). Concentrations ranged from 235 to 450
mg/kg. The mean concentration was 358.5 mg/kg, the median was 360.5 mg/kg, and the sample standard
deviation was 79.9 mg/kg (Table 2). The coefficient of variation was 22.3%, indicating appreciable
variation across the products rather than analytical repeatability, because each coded product contributed a
single reported value.

Table 1. Benzoic acid concentrations and regulatory classification of the six coded beverages.

Sample Benzoic acid (mg/kg) FSSAI 600 mg/kg Codex 250 mg/kg Rank
CB-1 235 Complies Complies 6
CB-2 320 Complies Exceeds 5
CB-3 395 Complies Exceeds 3
CB-4 326 Complies Exceeds 4
CB-5 450 Complies Exceeds 1
CB-6 425 Complies Exceeds 2

Note. FSSAI category 14.1.4 lists benzoates at 600 mg/kg as benzoic acid [5]; the Codex GSFA lists 250 mg/kg for water-based
flavoured drinks [3].

When the current FSSAI benchmark of 600 mg/kg for water-based flavoured drinks was applied,
every sample complied. The original manuscript compared the results with 1000 mg/L; that statement has
been corrected because the cited Indian food-category table specifies 600 mg/kg as benzoic acid for the
broader water-based flavoured-drink category [5]. The Codex GSFA benchmark is more restrictive at 250
mg/kg [3]. Under that comparison, only CB-1 complied, while CB-2 through CB-6 exceeded 250 mg/kg.
These outcomes should not be interpreted as a direct legal non-compliance finding without confirming
each product category, formulation, label declaration, and applicable national law; they demonstrate that
the selected benchmark materially affects the conclusion [12-14].
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Figure 1. Benzoic acid concentrations in the coded beverages with FSSAI and Codex reference lines.

Table 2. Descriptive statistics for benzoic acid concentrations (n = 6 products).
Statistic Value

Number of products 6
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Minimum 235 mg/kg

Maximum 450 mg/kg

Range 215 mg/kg

Mean 358.5 mg/kg
Median 360.5 mg/kg
Sample standard deviation 79.9 mg/kg
Coefficient of variation 22.3%

The concentration range observed in this small survey is consistent with the wide between-product
variation reported in recent studies of commercial beverages and processed foods [4, 13]. Modern HPLC
investigations commonly report full validation data, including linearity, selectivity, recovery, precision,
limits of detection and quantification, and replicate measurements [1, 4, 7, 11]. Those records were not
available in the supplied manuscript [16.17]. Accordingly, the present findings are best interpreted as
preliminary product-screening data rather than as a fully validated analytical-method study.

The principal strength of the revised analysis is the direct presentation of all sample-level values
together with two clearly identified regulatory benchmarks. Its limitations are the small convenience
sample, the absence of manufacturer and batch details, the lack of replicate chromatographic
measurements, and incomplete reporting of instrument-specific conditions and validation parameters.
These limitations restrict generalisation and prevent formal uncertainty estimation or inferential
comparison among product types.

4. CONCLUSION

HPLC-UV analysis showed benzoic acid concentrations of 235-450 mg/kg in six coded carbonated
beverages. The sample mean was 358.5 mg/kg, with substantial between-product variation. All samples
were below the FSSAI maximum of 600 mg/kg for water-based flavoured drinks, whereas only one sample
was at or below the Codex GSFA level of 250 mg/kg. The study therefore supports continued market
surveillance and careful identification of the regulatory category used for compliance assessment. Future
work should include more brands and production batches, replicate measurements, complete method-
validation evidence, and simultaneous determination of benzoate, sorbate, and benzene-related risk factors.
No claim of methodological novelty is made.
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