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wafialannlnnnAzesnadiausiousgs vnsuonaledediy aeandsila S3saWa C18 vinspzms
% [ A A X o ' a o a
dwigmeindaun da  : axflalulesd ludamsin 90 : 10 lauSainas muquaanmslnen 1.5
a aa ] a o o I g € A A A a [ 3
afanTAOUIN WAzATIIAMIE  alaaefisy Neupinan 280 WlHNAT TINANITIATIEA

' a [ a a [ e o o 1 a [ ' “ a
wuh aanTnanadiensinunsiaasendiuiiamaiiiadladludetmneia lasludsdruniasiu

o & & @ ' a R ' A a o 4 a ' o ' A 4

griaINg 16 drata Jd3unm HMF agflugas 0.03 - 6.00 dadnsudaias uszduludaathaiaiasaninie

w3 7 39a dUSunow HMF atjlaundn 0.04 JaanIucaaas
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o, & = A A

amdan: laasandwiaiwasfasadlos UAsomsiiessiiens wn3asdugings w3ssduiniaus

U

Abstract
Beverage Energy drink and beverage electrolytic drink contains stimulant drugs, designed to
provide an incredible energy boost. Those beverages contain mainly monosaccharide sugar,which is an
initial substances of browning reactions. Hydroxymethylfurfural (HMF) is an organic compound derived
from browning reactions, this substance is also potential toxicity and carcinogenicity. In this study,
Hydroxymethylfurfural was determined in 23 samples of Energy drink and sports drink by a reverse-
phase-HPLC method.The sample was separated by C18 reverse phase column and eluated by

water/acetonitrile (90:10 v/v) as the mobile phase solvent , controlled flow rate of mobile phase solvent
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at 1.5 ml/min .The system was detected by photodiode array (DAD) detector at 280 mn,. The result
present that HMF was found in all of the examined samples. In 16 energy drink samples contained the
HMF between 0.03 to 6 mg/L, while in 7 electrolytic beverage samples contained HMF lower than 0.04
mg/L.

Keyword: hydroxymethylfuraldehyde, Browning reactions, Beverage Energy drink, Beverage electrolytic drink
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ﬁnvlﬂLﬁu‘lﬂu@ﬁuﬁqmmﬁﬂszmm 4 aamLfnm%ﬂan’auﬁa:ﬁﬂﬂ‘lﬁﬂumsa:mammgwu@f‘)ﬁu

BNMINaaes

1. Dlessazasanespiulansendiuiiaiasiasadlas 100 ppm 11 0.01, 0.05, 0.10, 1.00,
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naln 2, 3-enolization laumsiuAuuudasvasufisenuamialutuneuga inoezldniadam monms

ea 4 e ¥ Y ~ < a a a & “ o ;J
LJJa']uﬂUﬂ(ﬂu‘ﬁdl%auﬂVI']aL’.UN“uﬂluuuﬂﬂa’\iﬂ:aﬂsaﬂ‘ﬁtuﬂaLwasﬂ?ia @NLLa@G‘Luﬂ']WW 2[17]

+ Y '

H.C— NHI:R 11(‘f\|1k HO = \HR He=0 HC=0

=0 — OH =01 (=0 =0
HC — O HO— C — 1 1.0 CH “H-O CH- 1.0 CH -H.0 / \\

| = == |~ ==} —=

; s § (o]

mI on H— C— Ol H— C— o \j,RH— C—on CH HOH.C CHO
|](|’— Ol H— C— Ol IH— C— OH H— C— OH 1H— COH S-hydroxymethyl-2-turfuraldehy de

CH-0H CH-OH CH.oH CH.OH CH,OH
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#%1: S. E. Fayle and J. A. Gerrard (2002)

835



MU ATMITEAUIG “@Funsunsilsairnis asan 7
TUN 1-2 WU U 2556 YRIANLIREASUASUNTI LIal

fusunsiiessuszney laasandiuiaiwasngss 'Lum%aaﬁwgﬁﬁoLLamﬁaaﬁumﬁauémnwa
209051 ATa s laiesu (caramelization reaction) azuansnsanndjAseuamsa lasmsifa
msﬁﬁnmaﬁl,ﬁmnmhmavlﬁ%'umws”augoLﬁuqﬂmaumamazl,ﬁﬂmsggfyt,ﬁum Toplifiasysznou
A A 4 ¥ A a af a Aaa o @ & A A 4 ¥ o da
wanlds@unazaziln FuihmanuigniaziieUjisanualassulnaifiaunniiss Saadvid
' a aaa & X | P aaa & a . . "
Wadom el fAsoiutuegiu ganpdl waziom lasUfAsu1tuusnazifia  enolization dehydration &

magdsihuazifauandidulaasendinfiaesfasadlad (HMF) [18] aauaasauning 3

I OH H o) 1 0 H H 0
N N\ 7 7 N %
C| ' T HC] H('!,‘
HC—OH HC—OH G [ox ¢
1.0 1 -H.0 I H.O |
HO——H O===HO——H —» HC —> HC — HC|
(o) :
H——OH H—F—OH H—1—OH H——OH <ﬁH (1)
H H—1—OH H——OH H— c
CH,0H CH,0H CH,OH CH,0H CH;OH
D-Glucose Aldehyvde OR
HC——CH
HOH,C.C C CHO
\O/

HydroxyImethylfurfural

w3 Mmatfiassfhaaifiosandfiseariualaisu A3 : Braverman (1963 : 336)

a & 1A V[ a a ‘N A s GI A A o A A ) 1
2. myensilsnaas laasenBnamainhia luiasasdagmasuaziaiasdannious
av & Moy =& A I's a A a ¢ o a &
MsITBasIRbensAEn M NsdmdSinmansdsenay  laasenduniaasiasad bae b
MoanTeInNgIAILAZHINR BT

o A

AW 1 HANTANENMIRNNILARINzENAENITITzRIa1sUTEnau laasandiufiainasnaad
lad

A A a € v a
nnmsnsmanzimanzaslumyien:sd lagldinafialasslnnnfvssnaraussousg
fsanmsinaresigmeandanst 15 Jaddesdewd lasfamaunsilfouulsssesdaanmalnda

a a

arviauuugIIfidananueiniu 280 wilwwas insdsuudasipmeinfoud 4 anaz asil

gz 1 19
anzd 2 19
gmeft 3 1494
aned 4 144

azglalulass lusasaiusosas

a:glalulasd lusamaiusanas
o 6 Q ) . v

azdlalulasd ludamausanas

a=Flalulasd luoansiusasas

97
95
20
80

3 lawdSunas
5 lauUSuas
10lapUSunas

- 20lapy3unay

o e . o : ; <
Nammmaammnunaﬂumimagluﬂaauﬁ( retention time) V23481380 UIAIIIU HMF @3

LEAIluaNT 19N 1

836



a o a A a a A & 4
mMadszinnesauna ‘@luasunsilsaianms asef 7
Tufl 1-2 LUMBU 2556 A INERBASUASUNTS Lsal

@139 1 ugasszuzAMIAseglunaduivaiasnzan HMF m 8mazdag aseigmeinfoud

anne arlunsasagluasanyt (wi)
1 9.3 £ 0.01
2 6.6 +0.1
3 4.0 £ 0.006
4 2.6 £ 0.002
NnuaMINAaadlua1s97 1 wuhszozialumaaseglunesafzessns  HMF  uandeniu

4 A 4 Y v o, 4 4 0w '
aﬂ'\'):ﬁ 4 Wﬂﬁﬂmaﬂ HMF YIL%’]V]Z?@ LW]LNau’]vlﬂ_]ﬂizf_lqﬂ@ﬂ'gﬂuﬂ')ﬂfJ'NLﬂsa@ﬂ&l’gﬂ’]aﬂwu’)qiﬂiquﬂLLﬂi;J
a Y o oA o A A o o ' e & A A a o P
LNONIITOUNUIEHINNNAVEY HMF ﬂUWﬂﬂu‘]ﬂagluﬂ'QaUq\i AIUUBIILRINNRNANIEN 3 Lﬁuaﬂﬂ:‘ﬂ
4 a X i a a av o A
ANICRY TISWUNAVDI HMF ‘U%BQYIL’JQ’HJ?::J']M 4 %N Iﬂﬂlﬂilﬂi'ﬂLLﬂsNﬂ‘lﬂﬂﬁ]ﬂﬁﬂ']jzﬂLﬁuqzauﬁ]z

LROIAININN 4
[ DAD £ Sig-2808 Re=360.100 WOVHUFO1301.0)

mAU - % &
J i ’
| 50 - i
f‘ !\ HMF
] (|
40% l:
! I ;
3°] 1‘I {
: i B 1
20 | ‘
| ! |
|| i
.

10 P l
| 1 e | |
| Y \ |

o~
f 01 ¢ | " 1
| T 2 R T T TR s P S ] | A " e, T T— i

NN 4 ugaslasuilnunsuvesansusznay HMF Awuludlatng

WahanzasmnananlflumsiodSunamsinasgiuses  HVF lugaenadutuaud 0.01

= woe = Y e~ o ¢ '
ppm i1 7.00 ppm udnhTaysvesiuilanmnzeslaslnsunsuinldlumsmanusuniusszaisg
wunldnmmivanududulugdrassunaduass wuhaumaduasnlddanriniy y = 93.101x - 1.623

. 9 v o A 4 A 2

laofiehanudwduasiagn 0.9997 daugadlunind 5 uaziladuumddaanumunsadigalums
737930 (LOD) wazedaanusansndgalumsiionzd ( LOQ) lumsTiamzimdiinmansdsznay

o ' 4 4 o o a ' ' v + e ' Ve
HVMF ludradhaadasduginatuazniinfous wudledn LOD 1Ay 0.022 ppm uazd1 LOQ iviinu
0.034 ppm ANE1AL

837



mMsvszguiTmMIssaumd “eunsunIAlIairniy a3 7

U 1-2 LWINBU 2556 YRIANEIaLASUASUNT Lsal

N0 % HMF

800

S i — i i a——
3 .

L S ———— —¥ = 03.10x-1.623
(0] |

£ R2=0999
N

o

[0

o S —

P @ a
NIWN 5 ﬂi’]ﬂ&l’]@liﬁ’]u’ﬂﬁdﬁ’ﬁﬂizﬂﬂu HMF I@]Ul’ﬁLﬂﬂ%ﬂIﬂiN’lI‘ﬂﬂT\ﬂTﬂdL%ﬂ?ﬁNiiﬂu:gﬂ

Mawn 2 HAMIANIIMIUSIN I LlERTan TN NN aTAITAR baR I WAI0EIILATEIANTTIIAILE  Z1n38IAN

U
mﬁauﬁf@”wLnﬂﬁﬂiﬂsuﬂnﬂswﬂmaammaussnu:ga
o A i A =& o o b “ 1a
nndayarasamzfimanzanfidluneun 1 Seldihanazamnananlsluiauiinuas
4 4 o Qs 4 4 1 v AAA v 1 Q U
a33UVe9 HVF luaSasangidauaziasasauinfons lasnndayanaiafldwuiianizainsing
fNP8ITBUNISAUNAL (% Recovery) a%iﬁ 101% Lm:ﬁmwLL&J’ua‘iﬁ'lunwmm’il,ﬂﬁ:ﬁ'lugﬂmaa %RSD ]
i A 4 o a ™ 1 Qs %3 1 (>
N 0.78% T3t W3 Tewludl08199: WURA28d  HMF LoN@18anaINAARITIUNIWbUGI8ENITaLa%
- Y i 4

wazldan g iluudazdlatnanfudseunm 12 win asuaaslasulnunsulunwi 6 launavasnis

a9 7RI mMIes HVF liwaTesdugiaananue 16 wia szasuaadlunind 7

DAD1 E, 5ig=280,8 Ref=360,100 (JOVHMF01195.0) ~

%‘4"}-
9913

=== 1 441

4

2] a . 4 4 .
WA 6 waaslaunlnunsuvasvSunm HVF ludlathsnsasauindaus

838



madszpdnsszauma “GBuAsUNa lsairny asen 7
o 4 a o a A
U 1-2 LUMBU 2556 A InsRaasuaIuNnss lal

1Su1ow HMF ‘luéfmzham‘%aoﬁugﬁwé’o
7.00 6,66
6.00
T 500
Q
S 400
=
T
§ 2.00 1.68
063 12
1.00 |Y- 0.48 0.550.49 0.39
s 020026504 ® 0.030.03 >~ 0.040.04
0.00 _l_l _____ l._- | .__\l_h B W_l___.._“.,_..
i 2 3 4 3 6 7 8 8 40 1i 12 13 14 15 16

'
A o

o a A ° a
MW 7 uaastSunaaas HVF luiasasanaings 16 TUA

U

#30 TUEI U ININRBLT LAY NSANINININNG 7 e LQUNamTIATIEY USimuad

@ 4
§135U3:naU HMF 2:ULEAIAININN 8

15u1m HMF ludragdronstnaaus
0.05
0.04
. 0.04
£ 0.03
& 003
&
2 0.02
(Z
€ 001
000 000 0 0.00 0.00
0.00 _ »
1 3 3 4 5 6 )
AW 8 ugasSunaias HMF ludiedamaindens
a7
Tusnudseiflunmwmmsinlinnnaesans lamsanTuianasNIFam Lam NEluFaatNaLATaamNTg

U
1 '

Il
= =

MRauaziATashunfens laeld LﬂﬂﬁﬂiﬂsuwiﬂﬂswﬂmaoLﬂaaaussnu:go Tunnsesadmazy Tegniazi
wanzauiildde samduigmeandauines dhuazezdlalulass isaua: 90:10 sammslwavasigmea
\nRoud 1.5 dadaasdewfi mwmmsgﬂnﬁmmmaaﬁ AMapna% 280 wiluans s‘famn'ﬁayjams
muﬁmsw:ﬂmﬁmhaLﬂ‘%aaﬁugﬁwﬁwawuiwﬁmﬂam@n%Lw?lmw@ﬁq%@ﬁiaﬁ agluz24 0.03 ppm s

6 ppm uazwuluaIasaminiousaglugas 0.03 ppm aufis 0.04 ppm amTayaflawuiians lansend

839



msuszpuimaszaund “eBunsunsdlsainiy asin 7
TUN 1-2 LUMBU 2556 ¥n1Anenaasuasunsilsal

wiamasiasan las ﬁwu’lu@ﬁamaﬁaaaa’ﬁﬁ@m"ama%i'luﬂ‘%mmﬁm"w witSunmwedzns lamsandiuiiainas

° o a A A

a o e d J a P VoA 4 N = @ o 4
Tofanlad indluezesangidscivfinangniiwulueiasauinfeusetnuiulada inauaiiiesan

4 4 o v a A . 4 < o 2] aaa P
lwaTasdugiaidnazinafunsaeziluselulusunsndadumsasdunislud fAsouaasaluoaen

A A A M A -~ o o & A A A |2 a a a <
wsaaNinfausldninidunsaaziluasly asvuluwaIasauindausdonulSanas  lansendiufiames

FoFanlas uUSunmnvasnin

1anaN381999

[1] Hodge, J. E. (1953). Chemistry of browning reactions in model systems. J. Agric. Food Chem. V.1.
pp. 928-943.

[2] Fayle, S. E. and Gerrard, J. A. (2002). The Maillard Reaction, Royal society of Chemistry,
Cambridge.

[3] Villamiel, M.; Del Castillo, M.D.; Corzo, N. (2006). Browning Reactions. In Food biochemistry and
food processing. Wiley-Blackwell. pp. 83-85. USA : Ames, lowa

[4] Barry Meier (January 1, 2013). Energy Drinks Promise Edge, but Experts Say Proof Is Scant. The
New York Times. Retrieved January 2, 2013, from http://www.nytimes.com/2013/01/12/business/
more-emergency-room-visits-linked-to-energy-drinks-report-says.html.

[6] Howard, MA; Marczinski, C.A. (2010). Acute effects of a glucose energy drink on behavioral control.
Experimental and Clinical Psychopharmacology. 18(6): 553-61.

[6] Fred, Sauceman. W. (2009). The Place Setting. Macon : Georgia.

7] agesd Uy nuana wazaAmz. ( 2008). uw?Lﬂﬁ:%??éam?baﬁhyﬁm?. Sumuda 14 unsna 2555,

7N http://inside.cm.mahidol.ac.th/mkt/index.php?option=com_content&view=article&id=119:2008-
09-05-15-11-528&catid=1:mk-articles&ltemid=11.

[8] Casa, D.J. (2000). National Athletic Trainers’ Association position statement: Fluid replacement for
athletes. J. Athl. Train (35): 212-224.

[9] Sawka, M. N. (2007). American College of Sports Medicine position stand: Exercise and fluid
replacement. Med. Sci. Sports Exerc (39): 377-390.

[10] Cunha, S.C., and Others. (2011). Assessment of 4-(5-)methylimidazole in soft drinks and dark
beer.Journal of Food Composition and Analysis, Volume 24, Issues 4-5, June—-August 2011, pp.
609-614.

[11] Ferrer, E.; et al. (2002). High-performance Liquid Chromatographic Determination of Furfural
Compounds in Infant Formulas Changes During Heat Treatment and Storage. Journal of
Chromatography A. (947): 85-95.

[12] Gokmen Vural.; & Acar Jale. (1999). Simultaneous Determination of 5-hydroxymethyifurfural and
Patulin in Apple Juice by Reversed-phase Liquid Chromatography. Journal of Chromatography
A. (847): 69-74.

[13] Nozal, M. J.; et al. (2001). High-performance Liquid Chromatographic Determination of Methy!
Anthranilate, Hydroxymethylfurfural and Related Compounds in Honey. Journal of
Chromatography A.(917): 95-103.

840



MU gAITINMITEaU@ “eBuasuNII lsaiTiniy AN 7
TUA 1-2 LWMNBU 2556 Y INENaAsuasUNTI lsal

[14] Reilly, R. O. (1982). The nature of the chemical grouping responsible for the colour of products of
the Maillard reaction. The University of Reading.

[15] Hodge, J. E. (1953). Chemistry of browning reactions in model systems. J. Agric. Food Chem.,
Volumn 1. pp.928-943.

[16] Nursten, H. (2005). The Maillard Reaction. Chemistry, Biochemistry and Implication. The Royal
society of Chemistry. Cambridge. pp 2-4.

[17] Fayle, E. and Gerrard, J. A., The Maillard Reaction. Royal society of Chemistry, Cambridge, 2002

[18] Braverman, J.B.S. (1963). Introduction to the biochemistry of food. Elsevier Publishing Company.
New York. pp.336.

841



