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ABSTRACT

The development and validation of chemometrics-assisted spectrophotometry have been
successfully performed for determination of sodium benzoate and citric acid that have overlapping of
ultra violet absorption spectra. The study aimed to develop, validate, and apply spectrophotometric
method with chemometrics approach for determination of both compounds in beverage products
simultaneously. The analytical method was performed by making a calibration model using 16 training
sets and 10 test sets of mixed solution followed by absorbance measurenment at wavelength of 190 nm
up to 400 nm. In addition, the absorbance data was processed by multivariate calibration models of
principal component regression (PCR) and partial least square-1 (PLS-1) and validated internally and
externally to obtain optimum model. Validation of analytical methods was done by evaluating some
parameters such as linearity and ranges, accuracy, precision, detection limits and quantification limits.
The results showed that the optimum wavelength was 235 nm to 250 nm for sodium benzoate and 220
nm to 240 nm for citric acid with the selected optimum principal components (PCs) value were 6
(PCR) and 4 (PLS-1) for sodium benzoate and PCs 2 (PCR and PLS-1) for citric acid. The parameters
of the analytical method validation developed were suitable and the analytical methods could be
applied for the determination of the sodium benzoate and citric acid contents simultaneously in the
beverage products.
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INTRODUCTION

Sodium benzoate and citric acid (Figure 1) are food additives which are often combined as
preservatives and regulators of acidity in beverage products (Brima and Abbas, 2014; Ciriminna et al.,
2017; Penniston et al., 2008). The use of both compounds excessively can cause various side effects
such as asthma, urticaria, hyperactivity, renal and hepatic disorders, and tooth enamel damage (Abd-Al
Gadir et al., 2009; Chen et al., 2015, 2014; Keshavarz et al., 2012; Ren et al., 2009; Shahmohammadi
et al., 2016; Shu et al., 2016). Several methods have been used in the analysis of both compounds in
beverage products for instance high performance liquid chromatography (HPLC) and mass
spectrometry (MS) (Ayorinde et al., 2003; Grembecka et al., 2014).
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Figure 1. Chemical Structure (A) Sodium Benzoate and (B) Citric Acid

Simultaneous analysis of both compounds using conventional spectrophotometry cannot be
performed with a good result because sodium benzoate and citric acid have overlapping absorbance
UV spectra (Wasito and Phechkrajang, 2015). Spectrophotometry with chemometrics approach was
one of the strategies to overcome the problem (Phechkrajang et al., 2011; Sratthaphut and
Ruttanakorn, 2015). Overlapping UV absorbance data from measurements of compound mixtures with
spectrophotometry could be used and processed by chemometric models for the determination of each
compound simultaneously (El-Zaher et al., 2017; Patel et al., 2014; Wasito et al., 2018).

Chemometric is a subject of chemistry that using mathematical and statistical approaches to
design optimum experimental procedures, but it can also be used to optimize and retrieve relevant
chemical information from complex chemical data analysis (Geladi, 2003; Marini, 2016; Varmuza et
al., 2014). Principal component analysis (PCA) and Partial Least Squares (PLS-1) is a kind of
chemometric analysis with multivariate calibration calculation to form a model that can be used to
predict and determine the concentration of several compounds simultaneously (Brereton, 2000).

To the best of our knowledge, publications on the use of spectrophotometry with the
chemometrics approach of PCR and PLS-1 models for determine of sodium benzoate and citric acid in
beverage products have never been done. Therefore, the purpose of this study was to develop, validate,
and apply spectrophotometric methods with chemometrics (PCR and PLS-1) approaches for
simultaneous determination of sodium benzoate and citric acid concentrations in beverage products.

MATERIALS AND METHODS
Materials

The instruments that used were double beam UV-VIS 1800 spectrophotometer (Shimadzu
Corporation, Kyoto, Jepang) with 1 cm quartz quvet container, multivariate analysis software
Unscrambler® demo version 10.4 (Camo, Oslo, Norwey), and glasswares. The chemicals used were
benzoic acid (Merck, Darmstadt, Germany), citric acid (Merck, Darmstadt, Germany), 37% HCI
(Merck, Darmstadt, Germany), and distilled water. The samples used were energy drink beverage
products obtained from the market in Purwokerto that contained food additives in the form of sodium
benzoate and citric acid that was stated on the packaging label.

Preparation of standard stock solution and working standard solution mixture
Preparation of standard solution was made by carefully weighing of benzoate acid standard
compound which in subsequent levels converted to sodium benzoate concentration and citric acid
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standard compound then dissolved into 0.1 N HCI to obtain each stock solution of sodium benzoate
and citric acid with a concentration of 500.0 pg/mL and 10,000.0 pg/mL. The standard solution
mixtures were prepared by mixing each solution and diluted with 0.1 N HCI to obtain the desired
concentration.

Spectra measurement of UV absorbance profile

The absorbance profile at wavelengths of 190 nm to 400 nm was measured using a
spectrophotometer for each stock solution. The concentration used was 5.0 ug/mL sodium benzoate
and 550.0 ug/mL citric acid using a 0.1 N HCI solution as a blank. The curve between the wavelength
and absorbance value obtained from the measurements was made to determine the absorption profile
of the two compounds.

Development of chemometric models

The development of the chemometric models were performed by preparing 16 standard mixed
solutions of training sets to construct a model that were made based on central composite design
(CCD) calculation with two factors (k = 2) (Bezerra et al., 2008; Esbensen et al., 2004). The training
set concentration ranges used was 2.0 to 9.0 pg/mL and 200.0 to 820.0 ug/mL for benzoic acid and
citric acid respectively. The concentration range of the test sets were taken at that range and not be
used in the training sets composition that randomLy selected. The concentration and composition of
the standard solution mixture of the training set and test set were presented in Table |I.

The absorbance data measured by spectrophotometry in the training set solution were processed
using multivariate analysis of PCR and PLS-1 that were performed by the Unscrambler® program to
create a calibration model for each compound. Subsequently, the models were optimized by selecting
the wavelength and principal component (PC) ranges and validating the model internally with the
predicted training sets and external data sets with the test sets prediction data. Leave-one-out cross
validation (LOO-CV) was used in internal validation. To know the error in the prediction of
chemometric models, root mean squares error of calibration (RMSEC) parameter, root mean squares
error of prediction (RMSEP), and coefficient of determination (r’) were evaluated (Faber and
Kowalski, 1997). In addition, the percentage of recovery and RSD values of the model predictions
were evaluated to see the model's ability of predict the determination results.

Validation of spectrophotometric method using chemometrics approach

Validation of analytical methods was performed by evaluating several analysis parameters such
as linearity and range, accuracy, precision, limit of detection (LOD), and limit of quantification (LOQ)
according to guidelines of ICH Q2 (R1) (Borman and Elder, 2017). Validation was conducted by
measuring the absorbance of the three replicated sample solution with the spectrophotometer, and then
the resulting data was processed using the optimum chemometric model to find out the sample
measurement results.

The linearity and range assays were evaluated using five concentrations of standard solution
mixture with concentration range 2.0 to 13.0 pug/mL for sodium benzoate and 200.0 to 800.0 ug/mL for
citric acid. The standard addition method was used for evaluation of accuracy at three concentration
levels of 80%, 100%, and 120% with the standard concentrations added successively were 4.0 pg/mL;
5.0 pg/mL; and 6.0 pg/mL for sodium benzoate and 320.0 ug/mL; 400.0 pg/mL; and 480.0 ng/mL for
citric acid. The accuracy assay was performed by taking 0.1 mL of the beverage product sample
solution and added with a mixture of standard solutions at each concentration level. The precision test
was intra-day and inter-day performed using the same sample that was used in accuracy assay. Intra-
day precision was performed by measuring three replicated solution on the same day while the inter-
day precision was performed on three different days. The detection and quantification limits (LOD and
LOQ) were determined based on the standard solution calibration curve.

Chemometrics-assisted spectrophotometry ... (Rahardian et al., )
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Table I. Composition of training set and test set of sample

Sample Training set (ug/mL) Test set (ug/mL)
No. Sodium Benzoate Citric Acid Sodium Citric
Benzoate Acid
1 2.6 507.5 6.8 284.2
2 9.1 507.5 3.2 253.8
3 5.8 203.0 3.6 304.5
4 5.8 812.0 3.9 355.3
5 45 203.0 4.4 456.8
6 45 812.0 5.2 558.3
7 7.1 203.0 6.5 609.0
8 7.1 812.0 2.9 659.8
9 5.8 507.5 7.8 710.5
10 5.8 507.5 8.4 761.3
11 5.8 507.5
12 5.8 507.5
13 5.8 507.5
14 5.8 507.5
15 5.8 507.5
16 5.8 507.5

Method application on beverage product samples

A total of five samples of beverage products with the same batch number were determined in
terms of sodium benzoate and citric acid levels. A total of 0.1 mL of each sample solution was
introduced into a 10 mL measuring flask and 0.1 N HCI was added. After that, the absorbance of
solutions were measured by the spectrophotometer and the data obtained were processed by
chemometric model of PCR and PLS-1 which had been developed and validated.

Data Analysis

The linearity value was calculated based on linear regression method in the terms of square of
the correlation coefficient (R?) between the concentration of sodium benzoate and citric acid added and
the predicted concentration in the model. Method accuracy was indicated by the percentage of
recovery value between standard concentrations added and measured concentrations using analytical
methods and precision values were evaluated by the % RSD value of the measured results obtained.
LOD and LOQ were determined from the residual standard deviation and the intercept value on the
linear calibration equation obtained. The LOD value was expressed as three times of the residual
standard deviation and the LOQ value was expressed as ten times of the residual standard deviation on
the measurement result. Levels of sodium benzoate and citric acid were measured from beverage
products and were compared to the requirement limits of the use of both compounds in beverage
products (Varzakas and Tzia, 2015).

RESULTS AND DISCUSSION
Profile of UV spectra standard solutions

The UV absorbance of each standard solution of sodium benzoate and citric acid with 0.1 N HCI
solution as a blank were measured using a spectrophotometer in the wavelength range of 190 nm to
400 nm (Figure 2). The UV absorbance profile of both compounds seemed to be overlap in the range
of 190 nm to 300 nm wavelength range with the maximum absorbance of sodium benzoate at 229 nm
and citric acid at 208 nm. The overlapping spectra caused problems in the analysis of both compounds
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simultaneously using conventional spectrophotometry without any separation steps. The determination
of each compound in a mixture solutions that have overlapping spectra could only be solved by
chromatographic separation methods or using a method of spectrophotometry combined with
chemometrics approaches (Miller and Miller, 2010). This method could be used to determine the level
of compound having spectrum overlap profile because it could separate the information with the noise
part of the obtained data and could minimize the occurrence of error on the calibration model
(Ragupathy and Arcot, 2013).
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Figure 2. Absorption profile of citric acid solution 550.0 pg/mL (A) and sodium benzoate 5.0 pg/mL (B) in
0.1 N HCI at wavelength of 190 nm to 400 nm.

Development of chemometric models

The development of a spectrophotometric method combined with a chemometric model was
performed using a standard solution mixture of training sets and test sets that were constructed based
on CCD calculation. CCD was built in order to get more information from smaller number of
experiment. Absorbance values were recorded and processed at the wavelength range that gave the
absorption value at 200 nm to 300 nm because in those wavelengths contained the information of
spectrophotometric responses from each compound. Wavelengths below 200 nm were not selected
because there were a lot of noise as well as at wavelengths above 300 nm no visible absorption or
absorbance value information was required. The absorbance of training data sets resulted in the
optimum wavelength used were 235 nm to 250 nm for sodium benzoate and 220 nm to 240 nm for
citric acid with the optimum principal components (PCs) value selected was 6 (PCR) and 4 (PLS-1)
for sodium benzoate and PC 2 (PCR and PLS-1) for citric acid. The wavelength range and PC values
were selected because they meet the statistical parameters criteria of model validation internally with
the LOO-CV method (Table I1) in the form of small values of RMSEC and RMSEP and the value of
r’ seemed to near of 1 which illustrated better predictive capabilities with prediction error numbers
which was getting smaller (Esbensen et al., 2004). Model validation using an external test set was
conducted in order to evaluate the ability of the model to predict the measurement results of the
selected calibration model. External validation of the model (Table I11) was found to be good enough,
especially on the results of citric acid measurements described by the predicted level by the model
compared to the measured compound level expressed as the average of percentage recovery value.

Chemometrics-assisted spectrophotometry ... (Rahardian et al., )
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Table I1. Statistical parameters of optimum model for PCR and PLS-1

PCR PLS-1
Parameters Sodium Benzoate Citric Acid Sodium Benzoate Citric Acid
A (nm) 235-250 220-240 235-250 220-240
PCs 6 2 4 2
RMSEC 0.124 13.044 0.142 13.044
RMSEP 0.248 14.924 0.232 14.925
r> model 0.991 0.995 0.988 0.995

Table I11. The recovery value of the test sets measurements using PCR and PLS-1 models

_ Recovery (%0)
Solutions PR PLSL
Sodium Benzoate Citric Acid Sodium Benzoate Citric Acid
1 123.26 103.70 126.11 103.70
2 123.64 103.08 126.86 103.08
3 121.38 99.69 125.59 99.69
4 116.86 98.06 121.06 98.06
5 114.39 98.85 112.82 98.85
6 110.40 97.15 108.68 97.15
7 104.29 99.10 104.01 99.09
8 127.20 97.99 126.57 97.98
9 121.53 94.82 127.42 94.82
10 113.94 98.36 115.85 98.35
Average 117.69 99.08 119.49 99.08
% RSD 5.97 2.66 7.18 2.65

Validation of analytical method

Validation of analytical method was performed to prove that the analytical parameters met the
requirements for their purposes (Borman and Elder, 2017). The parameters that were evaluated include
of linearity and range, accuracy, precision, LOD and LOQ. The linearity assay was conducted at five
concentration of standard mixed solution and it was measured in three replicate each of them resulted
in the value of R? for the two compounds analyzed were greater than 0.9 in the range of sodium
benzoate concentration of 2.0-8.0 pg/and citric acid 200.0-800.0 pg/mL (Figure 3). These results
illustrated a linear relationship between the concentration measured and the predicted concentrations
by the chemometrics model PCR and PLS-1.
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Figure 3. Standard mixture calibration curve of sodium benzoate and citric acid that performed by PCR
and PLS-1 chemometric models

Accuracy and precision evaluations for both intra-day and inter-day were presented in Table
IV. The average recovery rate of sodium benzoate was roughly 100.0% to 117.0% for the PCR and
102.0% to 122.0% for the PLS- 1. Meanwhile, the average recovery rate of citric acid ranged between
98.0% to 106.0% for the PCR and 99.0% to 106.0% for the PLS-1. Intra-day and inter-day precision
values expressed as percentage of RSD for sodium benzoate tend to be larger when compared with
citric acid. The results of the evaluation of the accuracy and precision parameters (Table 1V) showed
that the accuracy and precision for the measurement of citric acid tend to be better than sodium
benzoate. The result of calculation of validation parameter in terms of LOD and LOQ values for PCR
and PLS-1 model measurement of sodium benzoate were 1.6 ug/mL and 5.3 pg/mL respectively. The
LOD and LOQ values obtained for citric acid were 111.2 pg/mL and 370.7 pg/mL respectively.

Method Applications for beverage product samples

Simultaneous determination of sodium benzoate and citric acid using spectrophotometric
method with PCR and PLS-1 chemometrics approach was applied to five samples of beverage
products. The average measurement results (Table V) were obtained that a range of levels for sodium
benzoate between 0.04% to 0.05% and citric acid 3.06% to 3.25%. The results of measurements with
both models PCR and PLS-1 gave the same results for five beverage products with the same batch
number. These results indicated that the content of both food additives were still eligible for the
product being tested. The maximum level as an additive for sodium benzoate was less than 5.17% and
for citric acid less than 10% (Varzakas and Tzia, 2015).

Chemometrics-assisted spectrophotometry ... (Rahardian et al., )



8 ISSN: 2088 4559; e-ISSN: 2477 0256

Table 1V. The results of accuracy and precision assays for sodium benzoate and citric acid

Recovery (%)

Intra-day Inter-day

Sample PCR PLS-1 PCR PLS-1

Sodium Citric
Benzoate Acid

Sodium Citric
Benzoate Acid

Sodium Citric
Benzoate Acid

Sodium Citric
Benzoate Acid

(80%)
1 125.09 92.67 127.14 102.58 129.47 104.50 106.12 90.06
2 104.84 104.65 107.23 92.56 99.15 90.72 105.44 106.86
3 123.38 102.69 123.17 104.53 106.71 100.66 123.85 103.8
x 117.77 100.00 119.18 99.89 111.78 98.63 111.81 100.24
% RSD 9.53 6.42 8.84 6.43 14.12 7.21 9.34 8.92
(100%)
1 114.55 95.06 129.74 100.22 115.62 105.05 118.62 92.97
2 113.44 104.62 119.51 94.97 108.51 93.49 120.22 102.48
3 117.76 100.32 119.15 104.50 114.93 98.69 113.47 104.49
x 115.25 100.00 122.8 99.91 113.02 99.08 117.44 99.98
% RSD 1.95 4.79 490 4.79 3.47 5.84 3.00 6.15
(120%)
1 100.07 104.07 110.27 104.63 104.65 108.80 108.04 102.33
2 104.53 109.48 108.78 104.10 90.41 102.77 97.57 102.79
3 108.31 104.71 107.57 109.40 105.78 102.35 100.7 108.33
x 104.30 106.09 108.87 106.00 100.28 104.97 102.1 104.48
% RSD 3.95 2.79 1.24 2.79 8.54 3.32 5.26 3.19

Table V. Average of sodium benzoate and citric acid concentrations in beverage product samples

tested
Concentrations (% w/v £ RSD)
Sample PCR PLS-1
Sodium Benzoate Citric Acid Sodium Benzoate Citric Acid
1 0.05£0.02 3.25+0.08 0.04 £0.05 3.25+0.08
2 0.05£0.03 3.06 £0.03 0.04 £0.04 3.06 £0.03
3 0.05+£0.02 3.24+0.04 0.05£0.02 3.24£0.04
4 0.05+0.04 3.18 £0.07 0.05+0.03 3.17 £0.07
5 0.05 £0.05 3.17£0.02 0.05+0.03 3.17+£0.02
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CONCLUSION

Spectrophotometric method with chemometrics approach has been successfully developed by
using the optimum wavelength of 235 nm to 250 nm for sodium benzoate and 220 nm to 240 nm for
citric acid with the selected optimum principal components (PCs) value were 6 (PCR) and 4 (PLS-1)
for sodium benzoate and PCs 2 (PCR and PLS-1) for citric acid. Analytical method validation gave a
good linearity for both compounds with suitable accuracy and precision for citric acid determination.
The developed methods could be applied for analysis of sodium benzoate and citric acid contents in
beverage products.
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