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Abstract. A rapid and simple UV spectrophotometric procedures were applied for the determination of the
content levels of some food additives in 29 different beverage samples commercially available in Riyadh local
markets. These analytical measurements were undertaken primarily to assess the compliance of content levels
of the investigated food additives and their daily intake doses with the permissible levels. The results obtained
from this study indicated that the average quantity levels of aspartame, caffeine and sodium benzoate in the
analyzed beverages were 246.7 ppm, 18.99 ppm and 16.14 ppm, respectively. In addition, the concentrations of
these food additives have been converted into the daily intake doses based on beverages consumption. It was
estimated that the mean daily intakes of aspartame, caffeine and sodium benzoate by the adult population of
Riyadh city through the consumption of the analyzed beverages were 92.5 mg, 6.3 mg and 6.46 mg,
respectively. None of the analyzed beverage samples was found to violate the current legal limits practiced in
the Saudi food regulations.
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Introduction

Food additives play a vital role in the modern food industry, and are generally used for
maintaining food quality and its characteristics as well as promoting food safety [1].
Nonetheless, food additives have been the subject of interest among consumers, health
professionals, commercial and industrial agencies, alike because they are widely
consumed in the diet by most segments of the population and can exert adverse health
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effects, especially for children and pregnant women. In fact, such food additives are
subject to regulation, since excessive or inappropriate use of them may present food
safety problems and can introduce a risk factor. For instance, a small group of people
who have the hereditary disease phenylketonuria are sensitive to phenylalanine, one of
the metabolites of aspartame artificial sweetener (subject of this study), thus, all products
containing aspartame must be labeled in many countries [2]. In addition, it is well
established that excessive intake and consumption of caffeine may cause many
undesirable side effects.

Since the consumption of soft drinks and beverages is a widespread habit all around
the world, hence, such foodstuff products considered of great importance economically
and socially, alike. As it is the case with any food, the composition of soft drinks is
regulated by legislations. Therefore, the determination of these food additive compounds
in soft drinks for assurance of food safety and quality control is mandatory. Several
analytical techniques for the determination of food additives in various foodstuff
products can be found in the literature. Liquid chromatography (HPLC) [3-5], capillary
electrophoresis [6-8], spectrophotometry [9-11] and voltammetric [12-14] techniques
have been successfully used for this quantitative task.

In order to determine any potential risk from food additives ingestion, accurate
analytical information and consumption data are required. Unfortunately, there are
relatively few sources of published analytical information concerning the determination
of the content levels of these food additives in foodstuff products consumed in Saudi
Arabia. No doubt, with the analytical data generated by this study about the content
levels of food additives in some consumed beverages, we hope to help in assessing the
food safety status for some foodstuffs consumed by population group in Riyadh city.

Aim of the study: Considering the remarks mentioned above, this present research
study has been aimed to assess the compliance of the concentration levels of some food
additives in various commercial drink brands available from the local market in Riyadh
city. The obtained analytical data combined with the estimated food consumption will be
used to calculate approximately the average daily intake doses of these food additives
through the consumption of foodstuff beverages.

Experimental

Instrumentation

Spectrophotometric measurements of the investigated food additives were carried
out by means of a Perkin Elmer lambda 2S UV—Vis spectrometer (Perkin-Elmer, USA),
using 1-cm quartz cell. The absorption bands of the aqueous food additive solutions were
recorded over the wavelength 200-600 nm.

Reagents and samples
All chemicals used were of analytical reagent grade and used without further
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purification. Standard aqueous solutions of aspartame, caffeine and sodium benzoate
were prepared from chemicals purchased from Sigma and Riedel-De Haen products.
Food additives stock solutions of 1x10? mol I were prepared by dissolving the
appropriate amount of these food additives in distilled water using 25 ml volumetric
flask. The stock solutions were stored in dark, and standard solutions with lower
concentration levels were prepared daily by diluting the stock solution with distilled
water. Soft drinks, beverages with added fruit juices and energy drink samples were
purchased from local markets. The total of 29 beverage samples investigated in this
study were categorized as: soft drinks (15), beverages with added fruit juice (9) and
energy drinks (5).

Procedure

Test solutions of aspartame containing 3-30 ppm were prepared and their
absorption spectra after reaction with ninhydrin reagent was measured within the visible
range 500-700 nm. Similarly, standard solutions were also prepared for caffeine and
sodium benzoate over the concentration range 1.94-9.7 ppm and 10-50 ppm,
respectively and their ultra-violet spectra was measured over the 220-320 nm range.

The purchased beverage samples were subjected to mild clean-up procedures such
as filtration and degassing. All investigated foodstuff samples were analyzed directly
without any further preparation steps such as extraction or concentration. Part of each
test sample was introduced to the spectrophotometric cell (usually after appropriate
dilution) and the molecular absorption was measured at the maximum wavelength for
each food additive. In order to conduct the necessary statistical evaluations, all
quantitative measurements were repeated five times. Soft drinks mostly consisted of
carbonated water, sugar, colorants, citric acid, and other food additives such as flavors
and preservatives. Beverages with added fruit juice contained the previous ingredients
in addition to concentrated syrups, Vitamin C and pectin and other additives.

Results and Discussion

Characterisation of the absorption spectra

a) Aspartame: For the spectrophotometric analysis of aspartame artificial sweetener, the
analytical procedure reported in the literature was adopted [15] with slight modification
regarding the organic solvents used for the extraction process, as suggested by Nobrega
et al. [16]. The applied quantitative method was based on the reaction of aspartame with
ninhydrin reagent, which gave a blue product (Ruhemann's purple). The selectivity of
the method was improved via the extraction with methanol-isopropanol (1:1) mixture.

The obtained blue product resulted exhibited two intensive absorption bands both
within the visible range at A; = 408 nm and A, = 572 nm. Due to the possible interference
from several synthetic food dyes, commonly present in beverages and absorbed around
450 nm, thus it was recommended that the second absorption bands at higher wavelength
value (i.e. at 572 nm), should be selected for absorbance measurements [15]. The
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monitored absorbance intensity was appeared to be evidently dependent on the
aspartame concentration. A linear relationship between absorbance and the analyte
concentration over the range 1.0 x10°-1.2 x10* mol 1" (2.94-35.3 ppm). The least-
square treatment of this calibration graph with 6 measurements, yielded the following
regression equation:

A =0.112 + 0.08 x10° C(molI') r=0.999, n=6

where A, is the molecular absorbance, C, is aspartame concentration and r, is the
correlation coefficient.

Before the applied spectrophotometric procedure could provide useful analytical
information, it was necessary to demonstrate that it is capable of providing acceptable
analytical results. In actual fact, the analytical performance of the applied method can by
verified via the evaluation of its precision and accuracy characteristic. The accuracy of
the analytical procedure was verified through estimating the recovery of known amount
of aspartame (14.7 ppm) spiked into a commercial soft drink, which did not originally
contain any aspartame sweetener agent. The value of the recovery test obtained by the
standard addition approach (to minimize any matrix interferences) has a mean of 97.7%
with + 0.55% standard deviation value. The accuracy of these analytical results were
assessed by the t-test statistical approach. The critical value of t-test at the 95%
confidence level is 2.8. Since the calculated t-test value (0.41) is less than the critical
value, the null hypotheses is retained. There is no statistical evidence that the mean of
the analyzed data differ significantly from the known added quantity of aspartame.
Furthermore, the precision of the applied analytical method was estimated from the
reproducibility of 10 successive measurements of 15 ppm aspartame standard solution.
The precision of the method in terms of the relative standard deviation (RSD%) was
0.7%.

b) Caffeine: In order to establish the spectrophotometric determination of caffeine, the
wavelength was studied within the interval 220-320 nm using a 3.88 ppm caffeine
standard solution. The obtained results gave an absorption spectrum, which was
characterised by a single intensive absorption band located in the UV range at Ay, = 276
nm. It was observed that as the concentration of caffeine was varied over the range from
2.5 x10° to 3.6 x10™* mol 1" (0.5-70 ppm), it was accompanied by a proportional
enhancement in the monitored absorption intensity over such wide concentration range.
The calibration equation was calculated by least-squares method from nine
measurements and it has the form:

A =-0.032 + 1.01 x10* C(molI') r=0999, n=9

In addition, the analytical utility of the employed quantitative method was also
investigated in similar manner to that previously discussed for the spectrometric analysis
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of aspartame artificial sweetener. The recovery of the used procedure, which reflects the
accuracy of the analytical method, was evaluated by analyzing caffeine-free drink
sample spiked with 9.7 ppm caffeine. The mean recovery of five measurements obtained
by standard addition approach was found to be 97.66% with standard deviation of
+0.3%. The mean of the obtained results was found to be not significantly different from
the value of added caffeine concentration, since the calculated t-test value (2.6) was less
than the tabulated t-test value (4.6) at 99% confidence level. The analytical precision of
the spectrophotometric method was assessed from the reproducibility of 10
determinations of 10 ppm caffeine solution and a relative standard deviation of 0.1
RSD% was calculated.

c) Sodium benzoate: The absorption spectrum of benzoic acid standard solution (29
ppm) indicated that the acidic form of this food preservative was characterized by a
single UV absorption band at A,.x = 224 nm. It was observed that the increase in
concentration of benzoic acid over the range 2.8x107-4.44 x10™ moll" (4-64 ppm), is
accompanied by a proportional enhancement in the monitored absorption intensity. The
calibration equation was calculated by least-squares method and it has the form:

A =0.101 + 0.073 x10° C(molI') r=0999, n=6

The validity and accuracy of the used UV spectrometric method was further
explored through recovery studies, which involve artificially spiking a soft drink sample
with the target analyte (e.g. 10 ppm sodium benzoate) and predicting its content. The
mean sodium benzoate recovery of five replicates was 94.1% with standard deviation of
+ 0.96% (with a calculated t-test value of 1.98 less than the tabulated value of 2.78 at
95% confidence level, the t-test statistical evaluation was valid). The reproducibility of
10 measurements of 20 ppm sodium benzoate test sample was 0.54 RDS%.

Practical determination of the studied food additive in commercial drink samples

Different kinds of beverages brands, including regular and diet cola, carbonated
refreshment drinks, beverages with added fruit juices, energy drinks and preservatives-
free canned fruit juices were purchased from different local supermarkets and 29
samples were analyzed in quintuplicate (n =15) using the indicated spectrophotometric
method. Once sample bottles were open, the drinks were degassed, homogenized and
filtered. In all cases, five aliquots of each drink sample were placed in the
spectrophotometric cell after adequate dilution. In order to reduce the interference effects
particularly that expected with fruit juices, all analytical determinations were carried out
by the standard addition approach.

a) Aspartame: The soft drink brands currently manufactured and marketed in Riyadh
city can be initially classified into two categories: soft drinks with labelled aspartame
content and that with unidentified and anonymous quantity of this artificial sweetener.
Table 1 gives the results for the spectrophotometric determination of aspartame contents
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in several carbonated soft drinks with claimed aspartame content levels. As can be seen
from this table, the obtained results of aspartame concentrations compared favorably
with the labelled values. On the other hand, the determined contents of aspartame
sweetener additive in other soft drink products, which did not designated its actual
concentration, are summarized in Table 2. Anyhow, the obtained concentration levels of
aspartame in all these analyzed samples were found to vary from 78.2 ppm (in Diet
Lemon 2) to 551 ppm (in Diet Lemon 1). The mean aspartame concentration level was
found to be 246.7 ppm.

Table 1. UV spectrometric analysis of aspartame in beverages with labelled aspartame contents

Soft drinks Claimed Analyzed content % Recovery Daily intakes
content (ppm) (ppm) (mg)
Diet Cola 1 350 339.8+0.8 97.1% 1274
Diet Cola 2 79 81.44+14 %103.1 30.54
Diet Lemon 1 550 551+0.8 %100.2 206.6
Diet Lemon 2 79 78.2 +1.6 %98.99 29.33

Table 2. Determination of aspartame content levels in soft drink samples

Soft drinks Aspartame content (ppm) Daily intakes (mg)
Diet Cola 3 344.5+0.2 129.25
Diet Lemon 3 127.2 2.1 47.75
Diet Lemon 4 190.2 +2.4 71.38
Diet Strawberry 260.8+0.8 97.8

b) Caffeine: The concentrations of caffeine food additive (flavor enhancer) in what so
called energy drinks collected from local supermarkets are noticeably higher than their
counterpart concentration levels in the refreshment soft drinks. The calculated analytical
results in Table 3 and Table 4 demonstrate the caffeine content levels in energy drinks
and carbonated soft drinks, respectively. The caffeine contents in energy drink samples
ranged from 22.64 ppm to 34.96 ppm. The minimum caffeine content level was observed
in Drink 4 sample, while Drink 2 sample showed the highest caffeine content. The mean
of caffeine quantity in the analyzed energy drinks was found to be in the level of 28.23
ppm. However, the analyzed carbonated soft drink samples contained much lower
caffeine contents since its mean concentration level of 9.76 ppm is virtually one third the
average caffeine content observed in energy drinks. The analyzed samples in the
carbonated soft drink group showed caffeine content in the range of 2.8 - 12.76 ppm.

Table 3. Analytical results of caffeine contents in the energy drink samples

Energy drinks Caffeine content (ppm) Daily intakes (mg)
Drink 1 26.4+0.1 9.9
Drink 2 34.96 £0.03 13.13

Drink 3 243 +0.2 9.13
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Drink 4 22.64+0.04 8.5
Drink 5 32.84+0.11 12.31

Table 4. Caffeine content levels in the carbonated soft drink

Soft drinks Caffeine content (ppm) Daily intakes (mg)
Regular Cola 1 8.58 £ 0.04 3.25
Regular Cola 2 11.89 +0.07 4.5
Regular Cola 3 8.84+0.02 3.38
Regular Cola 4 2.84+0.02 1.07

Diet Cola 1 12.76+0.03 4.79

Diet Cola 2 11.77+£0.08 4.41

Lemon Cola 11.62+0.07 438

All over the world, the caffeine contents in soft drinks varies according to the type
of the brand, yet its average content in soft drinks is approximately 18 mg per six ounce
(i.e. 100 ppm) [17]. In fact, the US Food and Drug Administration (FDA) limits the
maximum caffeine amount in carbonated beverages to 6 mg/oz (72 mg/355 ml).
Therefore, caffeine content level allowed in soft drinks is up to 200 ppm [18]. Clearly,
the caffeine mean content level in the analyzed beverage samples manufactured and
marketed in Riyadh city, is well below the above food industry guidelines.

¢) Sodium benzoate: The mean concentrations with standard deviations of sodium
benzoate food preservative in various beverages with added fruit juices are given in
Table 5. As can be shown from this table, the concentration levels of this preservative
agent were found to vary from 9.5 ppm (in beverages with added juice of Orange 2 and
Lemon 1) to 26.4 ppm (in Lemon 2). The sodium benzoate mean content was found to
be 16.14 ppm. According to the food regulations issued by the Saudi Arabian Standards
Organization, the content of sodium benzoate food preservative in beverages should not
exceed 0.1% of the product total weight [19]. All the analyzed beverage samples
contained sodium benzoate at percentage levels far below (10-fold less) the maximum
permitted by the Saudi food legislations (see Table 5).

Table 5. Results for the spectrophotometric determination of sodium benzoate in the tested beverages

Beverages Sodium benzoate content Preservative Daily intakes (mg)
(ppm) percentage %

Orange 1 16.4+0.46 0.0016% 6.56
Orange 2 9.5+0.23 0.001% 3.8

Orange 3 24.12+0.08 0.0024% 9.65
Orange 4 18.6+0.44 0.0017% 7.44
Lemon 1 9.5+0.23 0.001% 3.8

Lemon 2 26.4+0.16 0.0026% 10.56

Lemon 3 13.26+0.86 0.0013% 5.3
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Strawberry 12.7+0.06 0.0012% 5.08
Mandren 11.43+0.06 0.0012% 4.57
Diet Cola 19.5+0.25 0.002% 7.8

On the other hand, the applied spectrophotometric method was also employed to
assess the integrity and credibility of some preservative free beverages (products whose
labels claimed that they were free from added chemical preservatives). In all the selected
beverage samples with such claim, sodium benzoate food preservative was not detected.
These extra analyzed foodstuff samples are beverages containing the following added
juices: Orange, Apple 1, Apple 2, Mango, Pineapple or Passion fruit.

Estimation of the daily intakes of these food additives

Rationally, the daily intakes of these investigated food additives through beverages
consumption rely mainly on both the content levels of these food additives in the drinks
and the amounts consumed of these drinks. Due to the fact that the amounts of the
consumed foodstuffs depends on the food habits in particular population group, and in
order to estimate the daily intake of these food additive in Saudi Arabia, the following
assumptions have been put forward: On average, two to three bottles of the drink are
consumed daily by every adult person. However, the size of the drink bottle varied
considerably (125 ml-330 ml), hence, daily consumption rate of 400 ml of the drink and
also an average adult body weight of 70 kg were also assumed. For the sake of
simplicity, the estimated daily intake of these food additives is solely due to the
consumption of beverages and contributions from other foodstuffs such as tea, coffee
and as alternative source for caffeine or other table-top artificial sweeteners substitute to
aspartame, are not considered.

a) Aspartame: Table 1 and Table 2 show the average aspartame contents and the
estimated daily intake of this artificial sweetener through consuming 400 ml of
beverages per day. The intakes of aspartame synthetic sweetener from the studied
beverage samples are relatively low and only one third of the analyzed foodstuff
products contribute in the intake of aspartame quantities by more than 100 mg per day.
According to the food regulations of Saudi Arabian Standards Organization [20] and
joint FAO/WHO expert committee on food additives [21], the maximum permissible
daily intakes (PDI) for aspartame artificial sweetener is 40 mg/kg body weight. Hence,
the maximum PDI value of aspartame for average adult person with 70 kg body mass is
2800 mg per day. The average aspartame daily intakes from the consumption of studied
beverages is 92.5 mg, which is significantly well below the recommended tolerable level
legislated in the Saudi food industry regulations.

b) Caffeine: In a similar manner, the daily intakes of caffeine through the consumption
of soft drinks and energy beverages was calculated in view of the previous assumptions
such as an average of 400 ml of drink was consumed daily and the average adult body
weight is 70 kg. Tables 3 and 4 illustrate the estimated values of caffeine daily intakes
through the consumption of the indicated foodstuff products. As expected, the data
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presented in these tables indicates an elevated caffeine intake doses through the
consumption of energy drinks in comparison to the consumption of the carbonated fizzy
drinks. The mean values of caffeine daily intakes were 8.9 mg and 3.7 mg through the
ingestion of energy drinks and soft drinks, respectively. According to the International
Food Information Council, the consumption level of caffeine for adults in the U.S. is
approximately 200 mg per day [22]. This may indicate that the contribution from
beverages in the intake of caffeine is less than or around 5% for most of the energy
drinks and 2% for most of the soft drinks.

¢) Sodium benzoate: The World Health Organization (WHO) recommended that the
maximum acceptable limit per day for sodium benzoate food preservative is 5 mg/kg
body weight [21]. The results obtained for the estimated daily intake doses of sodium
benzoate though the consumption of beverages with added fruit juices, are exhibited in
Table 5. According to this analytical data, the average daily intake of sodium benzoate
through the consumption of these foodstuff sample is 6.46 mg per day. This average of
the daily intake value is considerably less than the WHO acceptable limit of 350 mg per
day for average adult with 70 kg body weight.

Conclusion

Although the number of drink samples analyzed is still small, the data presented in
this study gave a preliminarily outline about the content levels in foodstuff beverages
frequently consumed by Riyadh inhabitants. Based on these analytical data, it seems that
the content levels of the studied food additives are within or even significantly lower
than the maximum authorized levels. While our previous study concerning the
determination of the content levels of some artificial food colors added to beverage
consumed by children in Riyadh city [23] indicated that some of the analyzed beverage
samples contained food dye at content levels exceed and violate the Saudi food
regulations. However, none of the analyzed beverage samples in this current study
disobey the authorized legislation limits in force in Saudi Arabian food regulations
regarding the permitted content levels for aspartame, caffeine and sodium benzoate.
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