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Abstract : With increase in worlds populace, the demand for soft drinks is increasing, hence,
additives utilized during drinks preparations have become a global health challenge as a result
of adverse health effectson consumers. In this paper, a reverse phase high performance liquid
chromatographic method that could simultaneously and quantitatively determine the amount of
saccharin, caffeine and benzoic acid in soft drinks samples was utilized. It involved the use of
ahypersil C-18 column and a binary eluent consisting of 10% acetic acid in ultra pure water.
The analysis of the results showed the regular cola caffeine content was 0.13+0.03mg/mL and
benzoic acid content of fanta 0.67+£0.01 mg/mL. The linearity of the calibration curve for all
additives gave R?>0.99. Relative standard deviations of 0.68, 0.08 and 1.44% were found for
the qualification of saccharin, caffeine and benzoic acid confirming good precision. The results,
therefore, emphasized the significance of a robust monitoring procedures for these additives by
the public and food health establishments in Nigeria.
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1. Introduction

Artificial sweeteners, preservatives and dyes arewidely added to soft drinks either to enhance the flavor
and appearance or to extend their shelf life by preventing biological degradation[1-3]. Soft drinks have become
part of the global lifestyle since the nineteenth century and many of the soft drinksbeing consumedat present are
the same as those first enjoyed 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 the
UK [4,5]. Since several of these additives are prepared by chemical synthesis, their presence in food is the cause
of extensive consumers mistrust, in that they may exhibit adverse health effects [6, 7]. Consequently, many
governmentsentities have set threshold value for the acceptable daily intake (ADI) varying from country to
country. In particular, the European community has set legal limits for the maximum content of these additives
in many foodstuffs [8,9].

Benzoic acid is often added to drinks as a preservative in form of its salts, sodium benzoate, potassium
benzoate, calcium benzoate, benzene carboxylic acid and phenilcarboxylic acid[5, 10]. Under acidic conditions,
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benzoates are converted to undissociated benzoic acid [11]. Benzoates are often preferred to benzoic acid due
to their improved solubility [12,13].Concern has been expressed that benzoic acid and its salt may react with
ascorbic acid (Vitamin C) in some soft drinks forming small quantities of benzene. Health Canada conducted a
survey of benzene in fruits and soft drinks and revealed that the level was below 5ug/L which is considered to
be of very low concern to human health [14].

Benzoic acid and its salts are permitted food additives by international lawsin restricted amounts,
buttheir content must be declared andnot exceed the established limits of 150ppm stipulated by the Nigeria and
European legislation [15].Benzoates are considered innocuous for humans at an allowed concentration levels,
but it was reported to be linked to DNA damage in yeast cells, hyperactivity in children andadverse
carcinogenic consequence for its short- and long-term exposures [16,17].

Caffeine, a mildly addictive stimulant drug is added as part of the overall profile of soft drinks, which
consumers enjoy for refreshment, taste and hydration. Caffeine’s addictiveness is one reason why most soft
drinks contain caffeine [16, 18]. Caffeine has the ability to stimulate mental awareness, but excessive doses
cause aggressionor restlessness [17].Consistent with federal regulations, beverages companies list caffeine on
product labels when it is added as an ingredient[19].

Saccharin (1,2-benzisothiazol-3(2H)-one-1,1-dioxide) used in the form of sodium or calcium salt, is a
non-glucose, low calorie product with a highly sweet taste. Saccharin is characterized by rapid onset, a short
persistence with bitter and metallic after taste [17]. In order to reduce or eliminate this after taste via synergistic
effect, saccharin is usually blended with other sweeteners such as cyclamate, aspartame or sucralose [20,
21].Saccharin provides no energy because it is not metabolized by humans but rather is excreted via the kidney,
around 80% as saccharin and the rest as hydrolysis product.Saccharin, although innocuous for humans, has been
reported to have potential toxicity and thus, have been prohibited in some countries considering possible
carcinogenic effect [22,23].

However, excessive consumption of carbonated soft drinks is usually associated with several health
concerns, such as obesity, developing non-communicable diseases and even death. The convention use of food
additives in beverages has been believed to be linked to risk factor for the development of many health
complications. Therefore,the study seeks to investigate the level of benzoic acid, saccharin, and caffeine soft
drinks samples byhigh performance liquid chromatographic method.

2. Materials and Methods
2.1. Materials

All reagents, sodium saccharin, caffeine, sodium benzoate was of USP grade. Ultra-pure water was
utilized for this experiment. The stock solution and the corresponding dilutions were made withultra-pure water.
HPLC was performed on anhypersil C-18 using a Hitachi Lachrom L-2130 pump, L-2200 autosampler, L-2420
UV detector, (254nm wavelength) sonicator for degassing, hypersil C-18 UV Detector and EZ Chrom Elite
software.

2.2. Pre-Procedure

The determinations were made under isocratic conditions by using a mobile phase of 10% acetic
acid.The samples were degassed with a sonicator, filtered and diluted in ultra pure water. The test solutions
were filtered through 0.45 um pore diameter membrane before injection. The volume injected was 10 ul and the
flow rate of the mobile phase was 0.7 ml/min at a pressure of 879 psi.

2.3. Procedure

1.0mg/mL stock solution each of sodium saccharin, caffeine and sodium benzoate standard solutions
were prepared by accurately weighing 10mg each of sodium saccharin, caffeine and sodium benzoate into a
10mL volumetric flask, dissolved and made up to mark with ultra-purewater. 0.286mg/mL working solutions
was prepared from the stock and 10mL of each working solution was injected separately into the liquid
chromatographto establish the retention times of each; saccharin, caffeine and benzoic acid concentrations. 0.02
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and 0.30mg/mL were prepared by serial dilution method and 10ml of each solution injected. A graph of peak
area response was plotted against concentration in order to obtain the calibration curves.

2.4. Mixed Standards

0.5mg/ml mixed standard solution was prepared by weighing 125mg each caffeine, sodium saccharin
and sodium benzoate into a 250mL volumetric flask. 6L of the mixed standard solution was injected into the
instrument and peak areas of the additives measured.In the sample preparation, soft drinks were decarbonated
with the aid of a sonicator. 2-5mL aliquot was filtered through 0.45um pore diameter membrane filter and
10pLwas immediately injected into the HPLC system. Analyses were performed in triplicate.

3. Result and Discussions
3.1 Analysis of standard Solutions

A number of additives are frequently added into soft drinks that affect the beverage’s taste and
characteristics. An example such popular ingredient is caffeine,natural xanthine alkaloid stimulant that occurs in
several plants as a natural insecticide, such as kola nuts, cacao beans, coffee beans, and tea leaves. Also,
benzoic acid is added to various soft drinks and other foods as a protective against microbial growth[16, 18,
24]. The responses of the additives: saccharin, caffeine, and benzoic acid showed excellent linearityover
approximatelyfive concentrations ranging from 0.02 to 0.30mg/mL. It was determinedusing the equation of the
calibration curves and correlation coefficients for the additives are shown in the Table 1.

The linearity of calibration curves for all compounds was very good (R*> 0.99). In order to test peak
area and reproducibility of retention time, the EZChrom Elite software was used for the calculation of the
relative standard deviations (RSD) for the retention time of the three analytes at all levels of the calibration
curve and for peak area at each calibration level. The retention times of saccharin, caffeine and benzoic acid
were 0.93 £ 0.00min, 2.37 £ 0.00min and 4.78 + 0.01 min respectively with relative standard deviation (RSD)
of 0.46%, 0.09% and 0.10% respectively, indicating that the proposed method provides stable retention
times[17, 25]. The retention times and relative standard deviations (RSD) of each standard are shown in Table
2. In this study, saccharin, caffeine, and benzoic acid were analyzed in soft drinks andTable 3 gives chemical
information on these compounds.

Table 1: Standardization curves and correlation coefficients (r?) for the three analytes

Standards Calibration curves Correlation coefficients (r?)
Saccharin Y = 6.2576 X 10° + 0.0000 0.9972
Caffeine Y = 3.6398X10'x +0.0000 0.9998
Benzoic Acid Y=4.3434X10°%+0.0000 0.9947

Table 2: Characteristics of standard retention times

Standards Retention time (mins) Relative Standard Deviation (%0)
Saccharin 0.93+0.00 0.46
Caffeine 2.37£0.00 0.09
Benzoic Acid 4.78 £0.01 0.10

This shows that in standard solutions, the HPLC method provides stable retention times. Moreover, the
calculated relative standard deviations also prove stability in terms of peak area, peak height and peak
asymmetry.
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Table 3: IUPAC names and structures of the analyzed additives in Soft drinks

Common names IUPAC name M.W. Structure
Saccharin 1,1-Dioxo-1,2-benzothiazol 183.18
(Sweet'N Low®) -3-one

Caffeine 1,3,7-trimethyl-1H-purine- 194.19
2,6(3H,7H)-dione

9 CH
|

H3C\N N

CHy

Benzoic Acid benzoic acid 122.12

H
o)
I

©/\OH

In order to establish the method applicability on real samples, a bottle of regular cola, Fanta and
fayrouz available on sale were degassed, filtered, diluted in ultra-pure water and analyzed using the proposed
method. The final concentrations of the additives were calculated according to the following equation.

3.2.  Analysis of Soft Drink Samples

Vsa X Pasa X Cst

Past X Csq
Where Cyq = Concentration in mg/ml of relevant compound in standard solution
Csa = Concentration in mg/ml of relevant compound in sample.
Pasa = Peak area of same compound in the sample
Past = Peak area of same compound in the standard
Vsa = Volume of sample per bottle

The precision of the proposed method was determined from the peak area of each of the additive in the
mixed external standard solution analyzed. Based on calibration curves and the dilutions made during the
analysis, thesaccharin, caffeine and benzoic acid content for all soft drink samples was established. The amounts
of additives in the samples analyzed are displayed in Table 4.Good precision was confirmed for saccharin,
caffeine and benzoic acid with the relative standard deviation (RSD) of 0.68%, 0.08% and 1.44% for peak areas
respectively, demonstrating constancy in terms of peak height and asymmetry, this is in correlation with a study
in Romania reported by Trandafir et al. [18]. The regular coke had a caffeine concentration (mg/ml) of 0.13 £
0.00, fanta a benzoic acid concentration (mg/ml) of 0.67 = 0.91, whereas the fayrouz had a saccharin
concentration of 1.23 = 0.03 mg/ml (Table 4).Consequently, the saccharin, caffeine and benzoic acid
concentrations in three (3) samples showed low standard deviation (SD) signifying the analytical method for the
sample contentsgave a high precision and reproducibility[17].
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It is interesting to note that saccharin content was observe only in fayrouz, caffeine content only in
regular coke, and benzoic acid content only in fanta.The benzoic acid and saccharin contents (mg/ml) found in
the samples analyzed were found to be higher than that of caffeine (0.13 + 0.00 mg/ml). This can be attributed
to the fact that benzoic acid and saccharin are weak acids that partially dissociate in water with comparable
water solubility. This declaration is supported by the fact that water solubility of saccharin was 3.4 g/L at
ambient temperature as reported by O'Donnell and Kearsley[23]while Mahindru[1]reported that the water
solubility of benzoic acid was 3.44 g/L at ambient temperature, whilecaffeine is being soluble in water approx.
16 g/L at room temperature. Saccharin was detected only in fayrouzbeverages, benzoic acid only in fanta soft
drinks, and in regular cola was detected with caffeine. Similar occurrences have been reported by Sik[21]
during a study for the detection of any artificial sweeteners in 56 soft drink samples possessing 12 different
trademarks sold in Turkey. The author reported the presence of saccharin detected only in two out of the six
analyzed diet cola beverage products ranging from 25.47 + 0.14 ppm to 78.85 = 0.19 ppm. In like manners,
regular cola beverage was not detected with any artificial sweeteners, such as saccharin, acesulfame-K and
aspartame.

In another investigationby Oroian and co-workers [26] in which 30samples of carbonated drinks from
the Romanian market were analyzed, it observed that the concentration of saccharin ranged between 0 and
83.75 ppm with the mean value of 9.72 ppm.In 2011, Ree and Stoa[16] reported the presence of benzoic acid
level in the canned diet cola to be 150.45 ppm for the quantitative analysis of food additives in sugar free
beverages. Furthermore, it is interesting to note that the concentration of artificial sweeteners such as benzoic
acid varies significantly between different brands of beverage samples. This is noted from reports by several
researchers who have conducted study on the quantitative determination of benzoic acid in soft drinks. Kusi and
Acquaah[27]reported the benzoic acid level in the analysis of 34 soft drinks samples within Ghana to be ranged
from not detected to an extreme level of 564 ppm with the mean concentration of 70.2 ppm. In the analysis of
25 samples of traditional soft drinks by Linoand Pena [22], the authorsreported the benzoic acid mean
concentration of 158 ppm ranging from 91 ppm to 172 ppm. In a study to determine the levels of aspartame,
benzoic acid, caffeine, and saccharin in sugar-free beverages using HPLC, Ree and Stoa[16] reported the diet
coke from a can to have 131.925 ppm of caffeine, coke zero contained 100.250 ppm of caffeine, diet nestea had
37.0 ppm of caffeine, while the levels of benzoic acid was found t0150.45 ppm, 123.875 ppm, and 246 125
ppm in canned diet coke, coke zero, and diet nestea respectively.

Javeed et al. [28] reported the concentration of saccharin to range from 46.8 ppm to 62.9 ppm in
different cola brands from a local market in Pakistan. The authors also confirmed saccharin levels within a
range of 82.9 to 95.7 ppm for soda lemon flavoured beverages and 93.2 to 134.1 ppm in soda orange flavoured
soft drinks.Chua and Teo[17] in an investigation into the saccharin and benzoic acid levels in regular and diet
cola-flavoured carbonated soft drinks in Malaysia, revealed that regular cola canned drink contained 13.89 +
4.74 ppm of saccharin and 226.6 + 14.1 ppm of benzoic acid, and the diet cola canned drink contained 31.39 +
2.10 and 206.8 £ 28.2 ppmin saccharin and benzoic acid respectively.

To evaluate the accuracy of the proposed method, the analyzed results was compared to the HPLC
method proposed by the health protection branch laboratories, Ontario Regional laboratory, Scarborough
[29]for the determination of saccharin, sodium benzoate and caffeine in beverages. The obtained results were
subjected to F-test and student t-test to determine any significant difference between the methods used for this
study as shown in Table 5.
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Table 4: : Benzoic acid, caffeine and saccharin contents in the samples analyzed

Soft
Drink Content (mg/330 ml) Content (mg/ml)
Benzoic Caffeine Saccharin Benzoic Caffeine Saccharin
Acid Acid
Regular 44,41+ 0.98 ND 0.13£0.00 ND
coke
Fanta 220.37+2.09 ND ND 0.67+£ 0.91 ND
Fayrouz ND 407.07+ 8.53 ND 1.23 +0.03
ND- Not Detected
Table 5: Comparison of the results obtained by both methods
Amount
(mg/330 ml) Reference method Proposed method
Fanta Regular cola  Fayrouz Fanta Regular cola  Fayrouz
(benzoic acid) (caffeine) (saccharin) (benzoic acid) (caffeine) (saccharin)
Injection 1 220.13 43.34 414.75 219.38 43.43 416.32
Injection 2 222.47 45.38 401.35 222.77 45.39 399.52
Injection 3 219.45 44.41 407.63 218.97 44.40 405.35
Average 220.69 + 1.59 4438 +£1.02 407.91%6.70 220.37 £ 2.09 44,41 £0.98 407.07 £8.53
F-calculated 1.73 1.09 1.62
t-calculated 0.21 0.04 0.114

n=3
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From the F-test, the F-calculated values for saccharin, caffeine and benzoic acid were 1.62, 1.09 and
1.73 respectively. Since the F-calculated was less than the F-tabulated value of 19.0, it was, therefore,
concluded that there was no significant difference in the precision of the proposed and the official method.The
student t-test revealed values of 0.14, 0.4 and 0.21 for saccharin, caffeine and benzoic acid respectively which
were less than the t-tabulated value of 4.303 at 95% confidence level. This shows that there is no statistical
difference in the results of the proposed and the official method. The proposed method could compare favorably
with the established one.

The results obtained in this work showed the usefulness of the method to quantitatively determine the
presence of saccharin, caffeine and benzoic acid in soft drink. In spite of the complex composition of the
sample analyzed, the method can be applied without any previous step unlike AOAC procedures for saccharin,
benzoic acid and caffeine that are time consuming, nonspecific and of relatively low sensitivities [30, 31].

4. Conclusion

In summary, the HPLC method presented here is simple, fast, precise, and accurate technique for
simultaneously and quantitively determining the contents of the additives in soft drinks. The accuracy and
precision of data are considered sufficiently reliable to warrant the use of this method as a rapid screening
procedure for these additives in soft drinks. This is due to the rapid consumption of carbonated soft
drinksaccompanied withfast foods especially young children and adolescents. Sweeteners and preservatives are
some of the chief food additives added into soft drinks as a means of significantly improving the taste and shelf
life. Although, the usage of these additives remains significant to the production of this beverages, their usage
should be controlled in various food products owing to the emerging health concerns associated with them.
Such asweigh gain, increased risks of preterm delivery, hypersensitivity, adverse carcinogenic effect for its
short- and long-term exposures and cancer during long term exposure.

The caffeine content of regular cola was found to be 0.13 + 0.00 mg/ml, the saccharin content of
fayrouz was found to be 1.23 = 0.03mg/ml, while the benzoic acid content of fanta was 0.67 £ 0.0lmg/ml. The
linearity, precision and accuracy of the proposed method were found to be analytically acceptable. Also, the F-
calculated was less than the F-tabulated value of 19.0, meaning that there was no significant difference in the
precision of the proposed and the official method used in this study. Therefore, it is important to set up a robust
monitoring measuresof preservatives in beverages by the health authorities in Nigeria.
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