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ABSTRACT

The caffeine, aspartame and sugar contents of tegleenergy drinks were evaluated using HPLC and UV
spectrophotometric procedures. The results obtaifieth this study indicated that the average conegion of
caffeine, aspartame, and sugar in the analyzed rages ranged from 1.11 ppm — 237.95 ppm, 283.84 pp
956.82 ppm and 91.05 ppm — 1686.73 ppm, respBctiMene of the analyzed beverage samples was ftund
violate the current legal limits set by the US FfadAd and beverages regulations.
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INTRODUCTION

Energy drinks beverages often contain ingredienth sas caffeine, guarana, glucuronolactone, medhyhine,
taurine, sugar, artificial sweeteners, physiololggtanulants, preservatives, artificial flavors aolors, food acids
and other food additives [1].

The majority of energy drinks contain caffeine asaative ingredient due to its stimulatory effect the central
nervous system [2]. Caffeine is also known to imseethe secretion of epinephrine, which can lea \tariety of
secondary metabolic changes that can positivecaffhysical or mental performance [3]. Once inggistaffeine
is rapidly absorbed from the gastrointestinal teatd undergoes demethylations which result in @artsine (84%),
theobromine (12%), and theophylline (4%); with ft@mthenes theobromine and theophylline having génjlar
chemical structures compared to caffeine [4].

Many studies also confirm its ability to enhanceoth@nd alertness [5, 6, 7], exercise performanc8][3he speed
at which information is processed, awareness, t&tgenand reaction time [9]. Caffeine has also bshawn to
reduce some of the negative side effects assooidtedleep loss. Some studies suggest that caffsn contribute
to improved alertness and performance at dose$ ¢d 150 mg after acute sleep loss and doses of®2600 mg
after a night or more without sleep [10]. Caffemlso has a diuretic effect regardless of its coqiom as energy
drink, tea, or coffee [11]. The cardiovascular effeof caffeine have also been studied and sudbastcaffeine
likely has an effect on hemodynamic parameters 182,14]. A review regarding caffeine consumptiemeluded
that among the healthy adult population, a modetaily caffeine intake o£400 mg (equivalent to 6 mg/kg/d for a
65 kg person) was not associated with any advdfset® [15]. Nonetheless, caution should be exettis regard
to the amount of caffeine consumed per day.

Aspartame is a white crystalline powder having miowr, but is intensely sweet. It is approximatefp zimes
sweeter than sucrose, the accepted standard fetrssss. It is a synthetic non nutritive sweeteaenéthyl ester of
a dipeptide) composed of aspartic acid and phemyilaé. There are two forms of aspartame, an alpdaaabeta
form. Only the alphdorm is sweet. Although aspartame yields the saaleric intake as sugar on a weight to
weight basis (4 kcal/g), it can be added at aln2@€t times lower levels to achieve the same swegtribsreby
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providing a far lower net caloric intake. This Hitite has resulted in the use of aspartame as &ddovie or non
nutritive sweetener in foods and beverages worldwidonsumption of aspartame may cause brain dafiéye
Adverse neurological effects of aspartame incluégadache [17], insomnia and seizures after ingestibn
aspartame, which are also accompanied by the tdtesan regional concentrations of catecholamit®.[Previous
finding have shown that aspartate may lead to newiety through sustained contact with the receptsuch as
glutamate producing an excitotoxic effect [19].

The term “sugars” is traditionally used to descnibeno- and disaccharides [20]. Sugars are usedesteners to
improve the palatability of foods and beverages fandood preservation [20]. Sugar-sweetened bayesdSSBs)
include all sodas, fruit drinks, sport drinks, enedrinks, low-calorie drinks and other beverades tontain added
caloric sweeteners, such as sweetened tea, rioksdidean beverages, sugar cane beverages, aralcobolic
wines/malt beverages.

SSB has been shown to be a factor in the developaiever weight [21, 22], dental caries [23] arfuksity [24,
22] in children and adolescents, type 2 diabetB} [Bne fractures, tooth decay [26], pancreatitcea[27], gastro
esophageal reflux [28], cardiovascular diseasel [6tabolic syndrome [30] and hypocalcaemia [22].

Reports on the level of these substances in emnglys are scanty. Moreover, new energy drinksbaiag released
into the market daily and the need for continuowitoring of these substances in energy drinks neeessity.
This study aimed to determine the level of caffeampartame and sugar in energy drinks.

EXPERIMENTAL SECTION

Ten (10) brands of energy drinks samples were randomatghased from the market and the levels of caffeine
aspartame and sugar were determined. All reagesd in this study were of analytical or HPLC grachel all
solutions were prepared by using demonized water.

Sample Preparations:

The samples were shaken before opening. 2 ml dighiel samples were measured into 10 ml volumdtask. 5
ml of demonized water added and shaken for 5Smiimgu®rtex mixer/sonnicator. They were made up &wkowith
demonized water and filtered with whatman filtep@a(2). The filtrate were transferred into thecassmpler vials,
cork and load into auto sampler tray and thereaffected into HPLC column using the auto samplée relative
peak areas were determined for three replicatemdf dilute sample. The concentration of eachelaimple and
finally the concentration of caffeine and aspartamenergy drinks samples were calculated from lénedion
curve. The HPLC system used in this study was titechi Auto Sampler HPLC L-2200, which consist dfidachi
pump L-2130, Hitachi UV-VIS detector L-2400, Colur@ven L-2300 and a Dell monitor and laser Jet 01006
Printer. Chromatographic analysis was carried ouvavelength of 214 nm, using Waters Spherisorb, GL8n
ODS2, 4.6 x 250mm column at a flow rate of 1.0 nime. The mobile used was 125 tmethanol 225 cfh
Acetonitile in 650 cmbuffer.

Deter mination of Sugar [31]

Sucrose standards solutions were prepared by muiiédbtion of the stock solution. 20.00 ml of th®ck solution
was pipetted into a clean 100-ml volumetric flaBkstilled water was added to a point about 1 cnowethe
calibration mark. A Pasteur pipette was carefullgdito add water until the bottom of the menisswexactly on the
line. The flask was covered with Parafilm and shakdl to mix. In a similar fashion, 40:100, 60:1GHhd 80:100
dilutions were prepared. 2.00 ml of each sucromedstrd was pipetted into a large test tube; alBd 2 of distilled
water was pipetted into a test tube for the blaslkteon. 2.00 ml of 8M HCI was pipetted into each test tube and
place in a boiling water bath for 10 minutes. Tést tubes were removed and 8.00 ml ofM.BlaOH was carefully
pipetted into each, then 2.00 ml of 0.0490B, 5-dinitrosalicylic acid (DNSA) into each. As soas the DNSA was
added, it was shaken to mix the solution thoroughiygl the tubes were placed in a boiling water Eath minutes.
Each tube was made to remain in the boiling waietife same duration of timafter removal from the boiling-
water bath at the proper time, the test tubes wariekly placed in an ice-water bath for 10 minut€ke blank
solution was poured into a clean, dry cuvette dadqal in a spectrometer and the absorbance readiegstaken.
2.00 ml of each of the energy drinks was pipeti¢d & clean 100-mL volumetric flask. Distilled wateas added to
a point about 1 cm below the calibration mark. Atear pipette was carefully used to add water tmilbottom of
the meniscus is exactly on the line. 2.00-ml altquaf the diluted energy drink samples were treateithe same
manner as the standards. The determination waeaamt in triplicate for each dilution. The absambe for the
diluted samples was recorded (in triplicate).
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RESULTSAND DISCUSSION

The mean concentrations of caffeine as determimezhch of the sampled energy drinks are shown loheTh The

results obtained showed that caffeine concentratranged from 1.11 ppm — 237.95 ppm. These wererlotan

170 ppm — 324 ppm for caffeine concentrations iergyn drink reported in literature [32], and lowkah the ranged
of 440 ppm — 473 ppm for caffeine concentratioriea samples reported in literature [32]. The valwese also
lower than 1.41 mg/serving reported in literatu8d,[34]. Sample EV had the least concentrationengimple PH
had the highest concentration of caffeine. Thetgabé caffeine intake has been assessed by sewatanal

regulatory scientific committees for use at theelevof consumption estimated by their respectivpufations.

According to the Food Standards Agency UK, drinkataining more than 150 mg/L of caffeine must deelad

with the term 'high caffeine content' in the sameédfof vision as the name of the food. This mustlscompanied
by an indication of the amount of caffeine per b3IGn the product. No other labeling is currenthguired by law
and this labeling does not apply to drinks sucteasand coffee [35].

Table 1: Concentration of Sugar, Caffeine and Aspartame

Samples | Sugar (ppm) | Caffeine (ppm) | Aspartame (ppm)
SO 942.99 67.08 624.84
BU 936.73 30.94 532.23
HC 938.27 200.10 788.13
LB 1686.73 190.22 876.06
EV 845.68 1.1F 956.82
PH 868.83 237.9% 876.2¢
XL 922.84 62.84 332.64
JW 91.08 130.58 42352
WD 1098.78 103.97 283.84
KM 660.50 118.63 599.93

a-k: Increasing order of sugar and aspartame. imgreasing order of caffeine.
Values numbers with the same letters in the colloptreatment, are not significantly different vehthose with different letters are significantly
different at p<0.05% from each other.

US FDA has cited 400 mg/day as an amount not gbyerssociated with dangerous, negative effectdals
however not set a level for children. The Ameri¢arademy of Pediatrics discourages the consumptiaaifeine
and other stimulants by children and adolescents.

Caffeine concentrations in all the energy drink gkas were below the FDA set standards. This imphas a daily
consumption of one can of any of the sampled endrgyk may not have any adverse effect on the aoesu
However, a daily consumption of two or more candghaf energy drink may have adverse effects espedal
children and pregnant women.

The concentration of aspartame as determined in ehthe sampled energy drink is given in Tabld e results
obtained shows that aspartame concentration rainged283.84 ppm — 956.82 ppm. These values werke iwithe
range of 153.69 ppm — 876.42 ppm and 198.22 ppra9-38 ppm reported bjB6] for soft drinks and artificial
flavored drinks respectively but lower compare 028 — 435.05ppm reported for fruit juices and #86ppm —
554.35 ppm reported for powdered drinks. The valvese also lower compared to 40.25 ppm — 507.75 ppm
reportedin literature[37] and 127.2 ppm — 344.5 ppm reporiediterature[34]. Sample WD had the least caffeine
concentration while sample EV had the highest aa#feoncentration.

As shown in Table 1, mean concentrations of caffeire labeled a-i which shows the order of increpsaffeine
concentrations, and represents the ANOVA analy$ishe sampled energy drinks. There was no sigmifica
difference between concentrations of caffeine imgas SO and XL. The concentration of caffeine linother
samples differs significantly from each other a0©5% confidence limit.

The safety of aspartame has been considered byge @ regulatory organizations, their expert aolyisgroups
and interested scientists. The European Commissigaentific Committee on Food (SCF) set the aad#ptdaily
intake (ADI) of aspartame at the same level asehsxt by Joint FAO/WHO Experts Committee on Food an
Additives (JECFA). The US Food and Drug Adminidtrat approved aspartame for use in 1984 and have
subsequent reaffirmed its safety in 1996. The FBtaldished a slightly higher ADI for aspartame (8§/kg body
weight). The acceptable daily intake of aspartaamge between 40 - 50 mg/kg/body weight which isvedent to
2400 — 3000 mg/day for a 60 kg adulispartame concentrations in all the energy drink@as analyzed were
below the FDA set standard. This is an indicatiaat they will not have adverse effects on the comss except
multiples of the drinks are consumed.
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As shown in Table 1, the mean concentrations ohrdame are labeled a-i which shows the order afeasing
concentration of aspartame in the sampled eneiigisiand represents the ANOVA analysis of the sathphergy
drinks. There was no significant difference in #spartame concentrations of samples PH and LBsamgles KM
and SO. All other sampled energy drinks differ gigantly in their aspartame concentration ad@5% confidence
limit.

The concentration of sugar as determined in eacthefsampled energy drink is given in Table 1. Tésults
obtained shows that the sugar concentration irsémepled energy drinks ranged from 91.05 ppm — T&8ppm.
Sample JW had the least concentration while saiplbéad the highest concentration. Frequent consiommf
sugar-containing foods can increase risk of decdsks, especially when prophylactic measures,cal.hygiene
and fluoride prophylaxis, are insufficient. Howeyavailable data do not allow the setting of anargimit (UL) for
(added) sugars on the basis of a risk reductiordémtal caries, as caries development related risuroption of
sucrose and other cryogenic carbohydrates doedap®nd only on the amount of sugar consumed, histatso
influenced by oral hygiene, exposure to fluoridegfiency of consumption, and various other fad@B%

As shown in Table 1, the mean concentrations ofaswge labeled a-k which shows the order of inéngas
concentration of sugar in the sampled energy dramd represents the ANOVA analysis of the samplestgy
drinks. There was no significant difference in gugar concentration of samples BU and HC. All othempled
energy drinks differ significantly from each othertheir concentration of sugar at@05% confidence limit.

CONCLUSION

Debate regarding the overall risks and benefiterdrgy drinks has gained momentum in recent tirkieslth

researchers agree that caffeine consumption cam ddwerse health consequences, particularly atdughs. The
concentration of caffeine and aspartame in theggnerinks were observed to be lower than the aatéptdaily

intake (ADI) set by the WHO/FDA.
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