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benzoic acid as a food additive is necessary in line with SDG 3
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levels have limitations in selectivity and sensitivity due to matrix
Jurnal Riset Sains dan interference contained in food products. This study aims to
Kimia Terapan determine benzoic acid levels in support of food safety monitoring
p-ISSN: 2302 - 8467 in Jakarta by optimizing the mobile phase in a reversed-phase HPLC
e-ISSN: 2303 — 0720 system (RP-HPLC. Reverse-phase high-performance liquid
@ ® chromatography with a UV detector, investigated in this research,

operated at 225 nm. A C-18 or octadecyl silica (ODS) column

stationary phase (250 mm x 4,6 mm, 5 pum particle size) was used,
which is classified as nonpolar. The mobile phase used is a polar
methanol-phosphate buffer with a ratio 4:96 at pH 6.8. Optimization
of mobile phase composition and pH was necessary to control the
ionization degree of benzoic acid, improve analyte—stationary phase
interactions, and produce optimal retention time, peak shape, and
resolution. The test results for benzoic acid levels in carbonated
drinks, jelly drinks, and mayonnaise were 140.973 mg/kg, 232.294
mg/kg, and 710.695 mg/kg, respectively. It can be concluded that the
benzoic acid levels in the sample remain below the maximum limit
set by BPOM RI.
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Introduction

Food security is an important pillar of the Sustainable Development Goals (SDGs), which are 17
global goals set by the United Nations to ensure sustainable development in the social, economic, and
environmental fields by 2030. One of the goals, SDG 3, is to ensure healthy lives and improve well-
being for all people at all ages. Food safety plays a crucial role because it directly affects health risks.
Regulation by the Indonesian National Agency of Drug and Food Control (BPOM) No. 11 defines food
as anything derived from agricultural, plantation, forestry, fishery, livestock, aquatic, and water
products, whether processed or unprocessed, for drink, including food additives, raw food materials,
and other materials used in the preparation, processing, and/or manufacture of food or drink.

Food additives are substances added to food as preservatives, coloring agents, or stabilizers (Niu et
al., 2025; Savin et al., 2022). The types and levels of food additives are regulated by the Indonesian
National Agency of Drug and Food Control (BPOM RI, 2019) and the European Food Safety Authority
(EFSA) to avoid potential health risks. Benzoic acid is one of the food additives used as a preservative
and is classified as Generally Recognized as Safe (GRAS) under Indonesian Minister of Health
Regulation No. 722/88. Benzoic acid is commonly used in various food products, including snacks,
carbonated drinks, and mayonnaise. Despite safe preservatives and benzoic acid possessing a tendency
to be harmless, excessive amounts for sensitive individuals can pose health risks (Guo et al., 2020).

In a study conducted by Leesuraplanon et al. (2022) and Yepes-Calderon et al. (2025), a
combination of benzoic acid with vitamin C in beverages has the potential to pose cancer risk because
the interaction between the two compounds provokes benzene production. Benzene is generally
recognized as a group 1 carcinogen. Furthermore, risk of mortality due to cardiovascular disease and
respiratory disorders may occur even at low concentrations of benzene in prolonged exposure (Wang
et al., 2024).

Sodium benzoate is a common salt form of benzoic acid. Studies with animal-based models have
shown that patients with kidney disorders have decreased the ability to excrete hippuric acid as a
metabolite with declining kidney function (Huang et al., 2018; Khodaei et al., 2019; Sun et al., 2020;
Yassien et al., 2022), even though the metabolism of sodium benzoate in the liver remains relatively
normal. This condition leads to the accumulation of hippuric acids that cause an increase in the number
of free radicals in the body, and it’s hard for antioxidant systems to neutralize the metabolite (Sun et
al., 2020). This condition is called oxidative stress. Furthermore, prolonged oxidative stress initiates
cell and tissue damage (Chandimali et al., 2025; Mustafa, 2024). For those health risk reasons, the
Indonesian National Agency of Drug and Food Control (BPOM RI) has established the maximum limit
for benzoic acid. Based on regulation, benzoic acid used in carbonated beverages, jelly drinks, and
mayonnaise are 400 mg/kg, 600 mg/kg, and 1000 mg/kg, respectively (BPOM RI, 2019).

The classical titration method is frequently used for qualitative analysis of sodium benzoate as a
salt form of benzoic acid (Mishra, 2021; Sri K et al., 2023). In titration methods, endpoint determination
depends on naked-eye observation of indicator color transition, rendering the measurements subjective
and susceptible to sample color interference. Therefore, its applicability in food regulatory analysis,
demanding high accuracy and sensitivity, is limited (Liv, 2021). Another method, a direct UV-Vis
spectrophotometric measurement, can be applied (Elferjani et al., 2024; Elmanfe, 2020; Hettiarachchi
et al., 2021); however quantitatively has a high limit of detection (LOD) compared to an initial
separation step conducted using HPLC prior to analysis (Akbar et al., 2023; Alabyadh, 2023; Spiri¢ et
al., 2025). In food analysis, many matrices can interfere with quantitative analysis. Eliminating matrix
effects in food samples is an important consideration when determining analyte concentrations
(Tungkijanansin et al., 2020). Therefore, in this study, benzoic acid was analyzed in several food
samples, including various types of food and beverage products, using the HPLC method with a limit
of detection (LOD) of 1.8 uM (Guo et al., 2020).

Two principal separation modes are recognized in high-performance liquid chromatography
(HPLC): normal-phase and reversed-phase. Normal-phase systems employ a non-polar mobile phase
and a polar stationary phase, commonly silica (Snyder et al., 2009). Despite its applicability for non-
polar analytes, this mode is less appropriate for benzoic acid analysis in complex food matrices. The
relatively polar and ionizable nature of benzoic acid (Ogbadu, 2014) limits its retention on polar
stationary phases, resulting in insufficient resolution from polar matrix interferences. In addition, the
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reliance on non-polar mobile phase solvents presents compatibility limitations with aqueous food
extracts, thereby diminishing chromatographic selectivity and separation efficiency (Zarad et al.,
2017).

In contrast, reversed-phase HPLC employs a non-polar stationary phase in combination with a
relatively polar mobile phase, rendering it more suitable for the separation of benzoic acid (Astuti et
al., 2019). Under appropriately controlled conditions, benzoic acid can be maintained in its non-ionized
form, thereby enhancing hydrophobic interactions with the stationary phase and improving analyte
retention and chromatographic resolution. Nevertheless, achieving optimal separation performance,
mobile phase optimization is required (Zuvela et al., 2019). This optimization includes adjusting the
composition of the solvent and buffer as well as the pH of the mobile phase, as both affect the degree
of ionization of the analyte and the strength of its interaction with the stationary phase. Therefore, this
study conducted mobile phase optimization in a reversed-phase HPLC system for the analysis of
benzoic acid in food products.

Method

The instrument used in this research consisted of analytical balance (Precisa), analytical
microbalance (Sartorius), volumetric flasks (20 mL and 50 mL), erlenmeyer flask (200 mL),
micropipette 20-200 um and 100-1000 um, membrane filter (0.45 um pore size) sample vials,
ultrasonic batch (Branson), shaker (Torta), ultrasonic, homogenizer and centrifuge. The pH
measurement was conducted with a pH meter (Mettler Toledo). A HPLC Shimadzu LC-20AD was
employed for analysis. The system was equipped with SPD-20A Prominence UV-Visible detectors set
at 225 nm. The chromatographic separation was performed with a C18 column (Phenomenex) 250 x
4.6 mm, particle size of 5 um.

The materials used in this research were HPLC-grade methanol (Supelco), and phosphate buffer
(Merck). Methanol and water solvents with a ratio of 40:60 are used for diluting standard solutions
(benzoic acid). The samples analyzed in this study included carbonated beverages, jelly drinks, and
mayonnaise that were obtained from a local market in the DKI Jakarta region.

Preparation of Buffer and Mobile Phase Liquid.

The mobile phase employed in this study is a methanol-phosphate buffer system. Optimization of
the mobile phase composition was performed to obtain optimal chromatographic performance by
evaluating methanol-to-buffer ratios of 1:99, 2:98, 3:97, 4:96, and 5:95.

Preparation of Working Standard Solution.

Standard solutions (benzoic acid) were prepared with concentrations of 0.2 pg/mL; 10 pg/mL; 20
pg/mL; 30 pg/mL; 40 pg/mL; 50 pg/mL using methanol and water solvents with a ratio of 40:60. The
chromatogram obtained from each standard solution was used to create a relationship curve between
benzoic acid levels and the area under curve (AUC) value and determine the regression equation and
correlation coefficient.

Chromatographic Condition.

The chromatographic analysis was carried out using an HPLC system equipped with a UV-Vis
detector. Separation was achieved on a C18 reversed-phase column (250 x 4.6 mm) with an isocratic
mobile phase consisting of the optimum mobile phase composition and pH. The mobile phase was
filtered through a 0.45 um membrane and degassed prior to use. The flow rate was maintained at 1.0
mL/min, and detection was performed at 225 nm.

Preparation of Sample Solution.

The carbonated beverage samples were prepared by degassing them for 15 minutes. Thereafter, 2
grams of the sample were dissolved in 50 mL of distilled water and filtered using a membrane filter
with a pore diameter of 0.45 pm. The jelly drink sample was prepared by homogenizing the sample
and taking 2 grams to be dissolved in 50 mL of distilled water. The prepared sample solution was then
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filtered using a 0.45 um pore diameter membrane filter. The mayonnaise sample was prepared by
homogenizing the sample in a 100 mL glass beaker. Then, 2 grams of the sample were taken and
dissolved in distilled water to 50 mL. It was then centrifuged at 6,000 rpm at 5°C for 10 minutes. The
prepared sample solution was filtered through a 0.45 um pore membrane. Each sample was prepared
in duplicate. The benzoic acid content in each sample was calculated by entering the AUC value into
the standard curve equation obtained. The results were then interpreted using Equation 1.

Csp X F
. mg _ Ly
Concentration ( /Kg) == (1
Where:
Csp = benzoic acid concentration obtained from calculations using the linear equation y =bx + a
(ng/mL)

F = dilution factor
w = sample weight

Results and Discussion

The analytical method used to determine benzoic acid levels is reversed-phase HPLC. In this
method, polar compounds will elute earlier. In reversed-phase, for achieving good selectivity
separation, the strength of the organic solvent must not be too strong to prevent a very low-capacity
factor (Santikasari et al., 2025; Wulandari et al., 2024). A nonpolar C18 or octadecyl silica (ODS)
column measuring 250 mm x 4.6 mm and 5 pm was chosen for its ability to separate compounds based
on their polarity. The mobile phase used was polar methanol-phosphate buffer. The mobile phase
transported the components to be separated through the stationary phase, thereby achieving optimal
retention times.

Selection of Mobile Phase and Buffer.

Through reverse-phase HPLC, the interaction between analyte, stationary phase, and mobile phase
affects the selectivity and sensitivity of the method. To achieve optimal separation, which is indicated
by high peak resolution, it is necessary to adopt the mobile phase based on physicochemical properties
and optimize the composition (David & Moldoveanu, 2024; Peird-Vila et al., 2024). As reported in
previous studies (Salamah et al., 2025; Shelar et al., 2024; Tesoro et al., 2022), the mobile phase
combination consisting of organic solvent and buffer solution has been confirmed to provide optimal
separation. The combination is based on the polarity, degree of ionization, and impact of affinity on
the stationary phase.

Methanol and buffer phosphate were used as mobile phases in this study. The selection of methanol
is considered by its polar protic properties, arising from the hydroxyl functional group characteristic of
alcohols. In addition, the presence of a single carbon atom as a short-chain alcohol confers a certain
degree of hydrophobic character to methanol, even if the hydrophobic character is relatively weak
(Huffman et al., 2012). The dual characteristic of polar protic and weak hydrophobic properties permits
methanol to balance interaction between semi-polar analytes, such as benzoic acid, and the nonpolar
stationary phase (Kalisz et al., 2025), such as C-18/0ODS (Obradovi¢ et al., 2022).

During chromatographic analysis, the mobile phase pH must be maintained under controlled
conditions to preserve the ionization degree of benzoic acid. Therefore, the use of a buffer solution
with reliable buffering capacity within the acidic to neutral pH conditions is essential. Phosphate buffer
was selected not only due to its effective buffering performance but also because of its chemical
stability when combined with organic solvents such as methanol, allowing the formation of a
homogeneous mobile phase system (Pardhi et al., 2020). In addition to buffering of pH, phosphate
buffer also prevents undesirable electrostatic interactions between residual silanol groups on the
stationary phase surface and the analyte, thereby enhancing peak symmetry and method reproducibility
(Carda-Broch et al., 2018).
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Optimization has been carried out to find the optimum composition ratio of methanol:phosphate
buffer, in a 4:96 ratio. Optimization of the mobile phase composition was carried out by varying the
methanol-phosphate buffer ratio at 1:99, 2:98, 3:97, 4:96, and 5:95. At lower methanol proportions,
which are 1:99 to 3:97, the organic content was insufficient, resulting in a highly polar mobile phase.
Under these conditions, hydrophobic interactions between the analyte and the nonpolar stationary
phase became excessively strong, leading to prolonged retention times and significant peak broadening
(Kazmouz et al., 2021). Moreover, the proportion of methanol influences both the apparent pH and the
buffering capacity of the mobile phase, which in turn affects the ionization degree of benzoic acid.
Increasing the organic fraction to 4:96 and 5:95 enhanced the elution strength of the mobile phase,
facilitating analyte desorption from the column as interactions with the stationary phase were
progressively weakened (Heering et al., 2024). Nevertheless, the 4:96 ratio was selected as the optimal
condition, as it resulted in sharper and better-resolved peaks than those obtained at 5:95.

After establishing the optimum mobile phase composition, the study proceeded with pH
optimization. A methanol-phosphate buffer mixture at a ratio of 4:96 was evaluated across a pH range
0f'4-9. In reversed-phase HPLC, the effect of mobile phase pH is closely associated with the pKa value
of benzoic acid, where ionized and nonionized species are present in equal proportions, 50:50 (Ogbadu,
2014). Figure 1 illustrates the ionization transition between the neutral and dissociated form of benzoic
acid. In its non-ionized state, benzoic acid is electrically neutral and relatively more hydrophobic,
whereas in the ionized form it carries a negatively charged carboxylate (COO") group and becomes
more polar.

S s RN
HO @] H+O @]

Monionized benzoic acid lonized benzoic acid

Figure 1. ionization transition for benzoic acid with pKa 4.2

Given that the pKa of benzoic acid is approximately 4.2 (Abiman et al., 2007), the compound
predominantly exists in its protonated (neutral) form at pH values below the pKa, whereas at pH values
above the pKa it dissociates to form the more polar benzoate anion (Preik3a et al., 2023). As described
by Ogbadu (2014), at pH 4, slightly below the pKa, the equilibrium shifts toward the neutral species,
with neutral species accounting for approximately 60%, while the remaining fraction (40%) exists in
the ionized form. Under such conditions, the coexistence of protonated and deprotonated species during
migration results in non—uniform analyte velocity, which in turn leads to peak broadening and
asymmetry.

When the mobile phase pH is adjusted to 5-6, which is higher than the pKa, the proportion of
nonionized (neutral) benzoic acid is reduced to about 1.5% (Ogbadu, 2014). This phenomenon occurs
due to the equilibrium shifting toward the ionized form of benzoic acid as benzoate ions (COO"). Under
these conditions, the polarity of benzoic acid slightly increases. The relatively small decline (1.5%) in
non-ionized benzoic acid is not substantial enough to minimize the hydrophobic interactions with the
nonpolar stationary phase. A considerable proportion of neutral benzoic acid remains available to
interact with residual silanol groups, potentially leading to silica surface degradation (Steinhoff et al.,
2025a, 2025b). Acidic environments promote hydrolytic cleavage of siloxane bonds within the silica-
based stationary phase, ultimately reducing the effectiveness of the column and chromatographic
performance.

At the optimum pH of 6.8, which is close to neutral conditions, benzoic acid exists in a favorable
equilibrium between its ionized and non-ionized forms. The predominance of the ionized species
increases analyte polarity, thereby weakening the hydrophobic interactions with the stationary phase
and promoting faster elution with reduced retention. At the same time, the residual non-ionized fraction
contributes to regulating analyte migration by maintaining a controlled level of hydrophobic interaction
(Poole & Lenca, 2017). This balanced interplay prevents excessive retention while preserving
sufficient analyte-stationary phase interaction, thereby ensuring chromatographic separation runs
optimally and resulting in high retention time producibility (Zuvela et al., 2019).

5
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At pH 8-9, benzoic acid is predominantly present in its ionized form, resulting in markedly
weakened hydrophobic interactions with the C18 stationary phase. Consequently, the analyte elutes
rapidly, often accompanied by diminished separation resolution (Steinhoff et al., 2025a). Under
alkaline conditions, residual silanol groups on the silica surface undergo deprotonation, increasing the
likelihood of secondary electrostatic interactions with the negatively charged benzoate ions. Such
interactions are chromatographically undesirable, as they can distort analyte migration and compromise
peak symmetry. Moreover, exposure to elevated pH accelerates dissolution of the silica matrix through
alkaline hydrolysis, ultimately impairing column stability and performance. For these reasons, highly
alkaline mobile phase conditions are generally unsuitable for the separation of benzoic acid in silica-
based reversed-phase HPLC systems (Sirhan, 2018).

The Quantitative Analysis of Benzoic Acid in Some Samples.

The experimental results show that there is a chromatogram peak for benzoic acid at a retention
time of 6.92 minutes. The sharp chromatogram peak indicates that the separation occurred well and
there were no impurities or interfering matrices (Ismail, 2024).

Benzoic acid levels were tested using the HPLC method by preparing a standard solution and then
creating a regression line equation and correlation coefficient. The solvent composition of the standard
benzoic acid solution was a 60:40 ratio of methanol to water. This solvent composition was the
optimum composition with the highest average recovery (Uddin et al., 2025).

The area under the curve data for the standard benzoic acid solution in relation to the concentration
of the standard solution is presented in the following table. From this data, a calibration curve can be
created to determine the level of benzoic acid in the sample.

Based on the calibration curve (Figure 2), a linear regression equation was obtained y = 93233x -
48953, with a correlation value (R?) = 0,9997 so it can be inferred that the analysis of benzoic acid
using the HPLC method is a valid analysis and meets the linearity requirements with an R? value >
0,995. Determination of benzoic acid levels in samples can be done by calculating the area data
obtained from the analysis using HPLC into the linear regression equation of the standard solution,
which was y = 93233x - 48953 where the y value is the area and the X value is the concentration. The
data for determining the benzoic acid levels in the test samples are then compared with the maximum
benzoic acid level limit set by the Indonesian National Agency of Drug and Food Control No. 11 of
2019. The interpretation of the benzoic acid levels in the test samples is listed in Table 1.

5000000 ]

y = 93233x - 48953
] R?=0.9997
4000000 -
3000000 /
2000000 /
1000000 | /

Area

0 10 20 30 40 50 60
Concentration (ppm)

Figure 2. The calibration curve of benzoic acid

Based on the test results, it was found that the levels of benzoic acid in two carbonated beverage
samples (1A and 1B) were 140.973 mg/kg and 139.758 mg/kg, respectively. Compared to the
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maximum limit recommended by the BPOM RI, these results indicate that the carbonated beverage
samples (1A and 1B) complied with the regulatory limit of benzoic acid. Therefore, samples 1A and
1B are considered safe for consumption. The benzoic acid levels of jelly drink samples (2A and 2B)
were 232.294 mg/kg and 230.877 mg/kg, respectively. The jelly drink samples do not exceed the
maximum usage limit as recommended by BPOM RI due to the benzoic acid in the samples is lower
than 600 mg/kg. The last samples analyzed in this study were mayonnaise samples. BPOM RI set the
maximum levels allowed for benzoic acid in mayonnaise at 1000 mg/kg. In the tested mayonnaise
samples (3A and 3B), levels of benzoic acid were obtained at 710.695 mg/kg (sample 3A) and 694.107
mg/kg (sample 3B). This confirms that the tested mayonnaise samples allow standard specifications of
BPOM RI. Based on the comparison of benzoic acid levels in carbonated beverages, jelly drinks, and
mayonnaise, it can be concluded that these food products are verified to comply with food safety
standards in Indonesia.

Table 1. The comparison of benzoic acid in samples and the permittable limit

Food products Sample Area Maximum permittable Benzoic acid levels in the
limit of benzoic acid sample (mg/kg)
(mg/kg)

Carbonated 1A 480358 400 140.973
beverages 1B 473113 139.758
2A 840322 232.294

Jelly drinks 600
2B 812126 230.877
3A 2611291 710.695

Mayonnaise 1000
3B 2549154 694.107

Conclusion

Based on the experimental results in this study, the optimization of mobile phase composition and
pH was carried out at a ratio methanol:phosphate buffer of 4:96 and an optimum pH of 6.8. A linear
regression R* >0,9995 was obtained, indicating that the reversed-phase HPLC analysis method is valid
for quantitatively testing benzoic acid levels in food product samples. Qualitatively, the sharp
chromatogram peaks, which are not adjacent to other peaks, indicate that this method is selective and
sensitive to benzoic acid without interference from other matrices. Testing was conducted on test
samples that had been prepared according to the sample type. The results showed that the food products,
in the form of carbonated drinks (samples 1A and 1B) contained 140.973 mg/kg and 139.758 mg/kg
of benzoic acid; jelly drinks (samples 2A and 2B) contained 232.294 mg/kg and 230.877 mg/kg of
benzoic acid; and mayonnaise (samples 3A and 3B) contained 710.695 mg/kg and 694.107 mg/kg of
benzoic acid. All samples of these food products were below the threshold set by BPOM RI,
specifically 400 mg/kg, 600 mg/kg, and 1000 mg/kg for carbonated beverages, jelly drinks, and
mayonnaise, respectively. In other words, all food product samples tested were consumable, safe, and
in accordance with the United Nations’ goal, that is SDG 3 concerning food safety for a healthy life
and improving well-being for all people at all ages.
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