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yadidensiluthmiudiaeias HPLC wissnmaiesiiadansnbhlawafienseniaay 210 nluwas asdu
Capeell pak C18 MG II Sgmawndauiiiiluamsazasuanyes acetonitrile uaz 10 mM Tnunadealalasiaunaane
pH 2.6 80518 32:68 HAMSSNANBINUI FAMNNAVBINTATIANUINAU 2.0 Haan5uaailansy AnNNALaIMTIA
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Determination of Rebaudioside A and Stevioside in Syrup by HPLC Suthatip Vitchaivutivong and Sirithorn Putsorn

UNN

wahvnuduigiuissweslseinaunada
uaznNMAazIupanderiliaaasszimalhande
Tunidawdmle vanadszmaiinmsusloanannnu
nunmunu dmsudsenalneiimsihenvanvnu
wUgnludl w.a. 2518 arsaneanlunahnnu
(Stevia rebaudiana Bertoni 9@ Asteraceae)
Sunh dieaalnalalad Wuasusznaulnalalad
gavasngnlamadiu U w.a. 2528 d51891u
nsAn®Iin dddeealnalaladvliianis
NANENUFlUNYNAaDY BIANITDINITUALENYDY
d133a183n1 (US FDA) Usenaianssilad
lLivasads vuldiduasusaudeluaimis &
wansznulumilansiudeUszinalng downn
JECFA (Joint FAO/WHO Expert Committee
on Food Additives) w8z EFSA (European
Food Safety Authority) #asngnuszmeaglsy &

Stevioside

MSNUMIULBNEIIZTINSHazUseliuanulannny
YANETAINENUALLIAUTINAUN FfIpaalnala L6

<

Tivldiiaus139 (carcinogenic) Msnangwug
(genotoxic) W3l wadasxuuﬁuﬁuﬁ: (reproductive/
developmental toxicity) ?Nﬁnﬁmgtgmsl.ﬁ‘l.ﬁ‘lu
2195 loegMuua@) ADI (acceptable daily intake)
yavaiiaealnalalyd (uaadlugladiiaaa) (ADI
for steviol glycosides, expressed as steviol
equivalents) 0-4 Haansuaatwiings (Alandy)
faIu®

Sunalalyd 1o waradilalyd Wuasusznau
Inalaladuasansngulamaiiu 3an31 adlasas
Tnalalys lannmsataluzasdunahuuiiy
dsusznavduluauazisnsusenavdiienaalna-
Taladau q sndnvias Tassasasusznaulnalalaanan
Gunidlalad o wazadilalad) wazadioaa

(steviol)® @audaalumwi 1

2NN 1 Tasegszasadilalad Sumdlalsd 1o uazaflana®

asanaadiasalnalalzdldiiuingiiedy
v w 4 =
2vsUsEANESliANNYNIY ansastlunadanm
=g o = U Y 90’ v
NFEwdaesau aranalas Ll Thanuvnulszann
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MAANNIUNGLalHa 18 wazadilalya luhvinumesds HPLC

BaNd waz A5 wadau

Huailaaa anndsemeaniinnuanenIsumMsaIms
wazen Gas ﬁw%yl,mﬂixmﬂns:maqmmsmqw Aty
it 418 W.4. 25637
A195845UNI51RUINI505293 AN
Wl fuiams aiinaumnuazannUasndeeIms
AsuIngEansMsunng JleAnILaznadau
ANNNEaNIBNEaTIIeNSUNA e lad 10 uaz
senleladluhvy welimnsauiuiaalfiams
WAZEINITOTBITUMINABINITYBIETUUTNG
NNMsATIANRREUNWUERInaa lnala lue
auq lulSnaiissni 1 Wemumaniuaiions
Faiuiael fRmsSsenTinniifiasns 2 siad
Taensi3aa19dateeen warnsasIsunIy
MuanmMs solid phase extraction (SPE) 284
Yoshimi Kitada, Michiko Sasaki and Yutaka
Yamazoe® mniuasiasaUsmnadieiniss HPLC
w3nenaianie UV® UAENAFBUANINYNA BB
WIeNzvmunUJUemmasauanugnaeduad
ABmaeiileavasljuamsiaen®

’S'EW}: solid phase extraction, SPE (Bond
Elute C18, 500 mg 3 ml) (Agilent Technologies,
USA), madsuneszune 5, 10, 20, 50, 100 Lz
1,000 Na3dNT, NTZUDNHWNVYUIA 200 NAHINT, 270
2UNA 2 W0, AINI89BHA regenerate cellulose
(RC) 0.45 luA59U 2110 13 JadNe5

Lﬂ%ﬂﬂﬁﬂttﬂzqﬂﬂ‘iﬂf: HPLC (High Perfor-
mance Liquid Chromatograph) (Waters, ‘éu
Alliance 2695, USA) wWaneaia3ninsiaianiia
ffi (UV detector, §'u 2487) A3 IANNAZLE R
0.1 §adn5y (Mettler Toledo, éu PG403-8S,
Switzerland) A3 IANNALEER 0.01 TAan3H
(Mettler Toledo, i;u XS 205, Switzerland) vacuum
pump (GAST, 314 DOA-P504-BN, USA) uag
vacuum manifold

dnmzuaaeaas HPLC: aoan Capcell pak
C18 MG II (250 mm x 4.6 mm, 5um, Shiseido

Co. Ltd, Japan) Lot No. A4AD11485 W3aN@A8
Mianasneiiaw@enty MNEIAauYaILASaY
asianiogin 210 wiluwes Igmaidaud fe
acetonitrile uaz 10 mM lwundBeulalasiau
Nade pH 2.6 905IdIU 32:68 BATINT WA 1.00
Naddnsned gounaani aanai 35 avruwaLded
wazU3anasian 5 lulasans

81381035374 Sudlalad o (purity
99.3%) Lot No. TWK 6296 waza®ila o6 (purity
100.0%) Lot No. ECH3470 (WAKO, Japan)

MIHIINEITNINTFIU

M3N9IIU 1 SuMmdlalyd 1o anunduy
1,000 lul@snSuGaladans m%ﬂu’[mﬂ%"qmsmmgn‘!
Sumdlalyd 18 0.0101 n5u lamadsinasene 10
199303 azaauazdSulsanasae 30% acetonitrile

S99 2: 860 1a l56 ANuENTU 1,000
TulasnSudaiadans wisulasdiansunasgiu
adilalyd o0.0100 n3u ldvaadSuiasaure 10
09303 azanauazdSulsanasee 30% acetonitrile

193033 3: SUMdlalyd 1o wazadile lue
ANNENTY 100 lulasnsudaiiadans wisulas
Ylaasu993 U 1 was 2 BHNaE 2 NAdans
lazadsuasaua 20 faddans USuUSuasee
30% acetonitrile

a133Ne3gIU 4: SUMalalyd 1o wazadile lud
ANNNYY 2, 5, 10, 20, 40, 60 LaE 80 INIATNINGAD
fiaaans w3sulesiassunessiu s Usines 100,
250, 500, 1,000, 2,000, 3,000 LA 4,000 INIATANS
wanldnavsunasaune 5 Tadans Usulsunasme
30% acetonitrile

d13LAHWAzIBLM38N: acetonitrile (HPLC)
(Supelco, China), methanol (HPLC) (Supelco,
Germany), acetone (HPLC) (Honeywell,
USA), 80% acetonitrile, 30% acetonitrile, 20%
acetonitrile, lnunaaulalasaunaaws (HPLC)
(Sigma-Aldrich, Switzerland), niawadwasn
(AR) (J.T.Baker, USA), 1 (thianughumu >
10-18 mQ.cm) waz 10 mM lwunadenlalasay
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Determination of Rebaudioside A and Stevioside in Syrup by HPLC Suthatip Vitchaivutivong and Sirithorn Putsorn

Wesa (FalwunaFaulalasunaane 1.2
a5y ldadsinessune 1,000 Haddns azaauas
USuUsinasaanun uasu pH fu 2.6 e
nsawadnasn)

fhatheilamageuda: vty (@ad
UQUBY JUMSHAN 01-12-2020) WINUIDINMY
AINILY Wvmu 1 du a1 5 du Tosadew
3 809

FF5enzid: wadaehe 35 n3u ldmausanas
210 50 Wadans USuuSinaseehmuanliidi
Yuaansaranamine 5 Naaans 1dku SPE (Msie3es
SPE: #zehodharansmuady ¢6ail acetone 5
{193305 methanol 5 183805 11 5 1A3aN5 UAY
209% acetonitrile 10 §93305) NUUAN SPE e
11 3 {19805 MURIEY 20% acetonitrile 10 FaAANT
FranINGa9MsAIE 80% acetonitrile 2 Haadns
alunaUsinasuing 5 iadans Usuusinaseaei
LAINIBNEIUAINTBIEHA RC asinladSunuas
Lvﬁ'm HPLC

MIMUIN

Sundlalyd 10 wieadilalyd (Nadnsuaa

CxV
W

Alansy)

C = aNuNIUNIUNINNIINNIATFIU

(lalasnsucaiiadans)

V = Ysunasnusu (§adans)
W = wwminaadg (nsu)

Performance characteristic 014
nagauIn’”

Hrasmyiauazanuiludunss (working
range and linearity): #3572708190109514 3 U 4
wuudy enadtuas 3 9 s TININaTILTEIY
ARt sINAsIULaERLTTLARA Mo
Fulszandmasadula (RY) thawi R2annni 0.995

A0NNOINMINTIANU (limit of detection,

LOD): iinasinasgivludmeatnilanegauislile

N3ENINFIANNEFASMSUNNEG
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AT 2 Faansudailansu a5199A51EY 10 %
Lﬂmsﬁmmwuﬁ'numﬁunﬂéhashqﬁﬁwegw (Uszana
@ LOD Tagdiansichataifimsiinansinasyu
ANNENTY 4 Taansuaadlandy 1 10 @
MuIuA standard deviation (SD) waauIga
LOD angas LOD = 3SD)

AOMNNAYBIM AU (limit of quan-
titation, LOQ): Laumsmmgmiuﬁaaﬂwﬁw
nadgaudslvlannududu 4 dadnsudanlansu
AT 10 91 (naisaEazMSNEUAL (%recovery)
ae/ U519 80-110% waz HORRAT WaenT 2 (Uszanm
i LOQ Tagdenzidhagaiimadussanassy
ANNENTY 4 Haansudanlansy S1uu 10 9
M SD uamima LOQ ngas LOQ =
10SD)

matrix effect: LOIFNTITNINTFIULLTULAE
fussnesu 3 uas 4 lesldmsazaneianaan
Fradniilimagardduiulsnasunuih asaia
ANNNTURE 1 ‘g’l LNEU9i confidence interval (CI)
284 slope AN 1 waz CI 284 y-intercept AN 0

ANNUNU (accuracy) wazANNLTEN (preci-
sion): Winsssnaspuludmaaildnaaauislvle
ANNLLNYY 28 TaanSuaanlaniy ez 140 Nadnsuae
Alan3u assdenzianudiiuas 79 inasidenas
manauAuagluE 90-107% ez HORRAT 1iaend 2

ANURNIZLAIZAN (selectivity): RAaE1S
NATTIULDFTNILON TAMSY eddatlN-La Wz
gaslad fenududu 100 lulasniudeiindans
as1asdaun RT lainsenu

asUsziiiuaranalinlivauuainisin
(estimation of measurement uncertainty)""

Usziiuananuliuiueueeaimsnsiadnsey
dialiiulumumnasgu ISO/IEC 17025:2017
Toseilsdaunadsrnubiuwiuaunaunds o
anwlaiiuaunanue suaeenyliwiveusens

NITOUANNEGDNY 95%



MAANNIUNGLalHa 18 wazadilalya luhvinumesds HPLC

BaNd waz A5 wadau

We

drod1enldnagauislanudyaruvas
= A s e s A o
Sumalelad o wazadilalad Wiefeasnasgiu
HEN WUNISUEN2DINA2DISUNIALalEd 1 was

s Talue (peak resolution = 1.62) fauaaslumndi 2
fuMsNaFaUMITUMUERIEs enuvmuziinay
laun waamuan Fam3u azdgama-1a uazgas laa
fioaiimsdnlundasasiusuansiumalelsd o
wazaiilolyd deuaadlumui s

0.004+

0.003

AU

0.002+

OIODI_JM
0.000-

—T 77T T
2.00 4.00 6.00 8.00 10.00

I B S e ML e e e e B e e B
12.00 14.00 16.00 18.00 20.00 22.00 24.00
Minutes

0.00304
0.0025

0.00 20

Al

0.00157

0.0010

0.0005] U
0.00 UU—E———/M

Reb A-303+
sMode -85

L e LI I e e e e e L
100 2.00 3.00 400 5.00

I e e e e I L e L e N e e e e T
6.00 F.00 §.00 900 10.00 1.00
Minutes

12.00

MW 2 Chromatogram 289Ma i lEnaaauis (Mwuw) waz chromatogram 2e9esanasgIusUMAlalyd 1o

wazdddlalae nenundy 20 lulasnsuaaiiadans (Mwa)

PNMIATIVIANTINATTIU 8 SreTu ATty
2, 5, 10, 20, 40, 60, 80 WAz 100 lulAASNAB
199905 wudrrasmauazaNiluidunsues
Jmdlalyd 1a wazaidlolud aauaaslumnd 4 uas 5
Residual plot 2as3umdlalyd o wazadilelyd
saudaslumnd 6 waz 7

HANSATINILAZWIIaE T I Nag UET
BNETNAIPIUANNENTY 2.0 FadnIuaanlansu
(LOD) mnwunnmﬁmmﬁ 10 ﬁz?w AN
LaTANNINE2DIIE AN UIPINITILATIZE
fenusuiy 4.0 (LOQ) fiadnsudanlanin
ANULNTU 28 TadNSNABNLANSY WazANNITNTY
140 fisansuaanlanin Mwasus: SD wavineay
MSNaUAUYBITUNA B Y@ 18 1NU 101.5+3.10%,

99.840.72% WAL 98.5+1.41% MNTIGU MLDAE
uaz SD asdazazmInauduzasaidlaladiianu
wWudy 4.0 (LOQ) Nadnsuaanlansy anuduty
28 NAANSNABNLANSH UATANNINTU 140 Naan5u
@aNlansy YNNU 107.1+£2.72%, 99.0+1.55% WY
99.6+1.71 MNEIGU ANNLAEWBINITHATIEN
murme HORRAT was3umdlelad 1o fienua
714 4.0 NadnSuABNLan5N 28 Naansuaanlansu was
140 18aN5NABNLANSN AU 0.36, 0.12 WAL 0.28
MuseU ¢ HORRAT wasaiilaladianusuiy
4.0 Tadnsuaadlansy 28 Taansuaadlansy uay
140 1adN5NABNLANIN AU 0.30, 0.24 WAL 0.34

MNAIOU AT LUMIINN 1
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0.010
=)
<
0.000
0.20
=)
<
0.00
0.05
=)
<t
0.00
0.02 4
4
Ec 0.00
" ——
[l
0.000 -%
2 0.002 4 ,g
< A L AJ 1 \J ] L) L T I il L L] l' ¥ L} L) l Ll A L] ' Al L] T l L] ] L] [ T 1 L} l 1 L] L] [ L) 1 L] ' L] L] T l‘
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00
Minuter
Std 100, Date Acquired: 10/11/2021 6:48:02 PM ICT; Vial: 6; Inj #: 6, Channel:
ASP 100, Date Acquired: 11/24/2021 3:00:40 PM ICT; Vial: 1; Inj #: 1, Channel:
SAC 100, Date Acquired: 11/24/2021 3:13:40 PM ICT; Vial: 2; Inj #: 2, Channel:
AK 100, Date Acquired: 11/24/2021 3:24:48 PM ICT; Vial: 3; Inj #: 2, Channel:

Sucralose 100, Date Acquired: 11/24/2021 3:38:57 PM ICT; Vial: 4; Inj #: 1, Channel:

MNP 3 Chromatogram waqaﬁmmgm%na‘[ﬂ%ﬁ 18 wazadilalue (Std 100) wadawitLan (ASP 100)

#am3u (SAC 100) az@zany-1a (AK 100) uazgasilad (Sucralose 100)

Line Fit Plot ¥a95uMflalas t

100000 - y = 850.36x + T3.675
80000 Rz = 0.99994
5 60000 ¢ Awca
< 40000 [ Predicted Area
20000 —_ Linear (Predicted Area)
o T T T T T

0.0 20.0 40.0 60.0 80.0 100.0

anududu (lulasnsuneliadans)

a ' I3 v = a I’
NINN 4 %QQLLaSﬂ'J']NLﬂulau@liQﬂaQSquﬂ‘[alfﬁﬂ Le
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mAeNzRIuMGlalad 1 uazadilalydluinunueds HPLC goriing Indrending was @355 wadou

Line Fit Plot ¥a9a@)lalan

120000 - y = 1033.6x - 127.49
100000 R2 = 0.99992
80000
Area
D 60000 ¢
< 40000 B Predicted Area
20000 Linear (Predicted Area)
O T T T T T 1
0.0 200 400 600 800 1000  120.0
anududu (ulasniuraliadans)
2NN 5 FnuazanNtuduasasadilalae
Residual Plot ¥@35UNMPlales Lo
2000
v
(g0
0
3 ¢ 4 ¢ $ ?
D 2000 00 20.0 40.0 60.0 80.0 100.0 120.0
o
AUty (lulasnsuseliadans)
7Ni 6 Residual plot 2835undlalyd 1o
Residual Plot vasaiilelas
9 2000
S
e 0 ‘ ‘ . ‘ ‘ 1
(%)
3 -2000 olo 20.0 40.0 60.0 80.0 100.0 120.0

anuutu (lulasnsusaiiadans)

7 7 Residual plot 2aeadile lod

m5190 1 %recovery, %RSD waz HORRAT 2as3umndlalad 1o uazadilaladnanudaudy 3 seau

AN UGN gbrecovery
o a v 1 aT @ v %RSD HORRAT
(Hadnsuaanlaniy) AR +SD
Sumdlalad 1o 4.0 (LOQ) 101.5+3.10 3.04 0.36
28 99.840.72 0.72 0.12
140 98.5+1.41 1.43 0.28
ainlalae 4.0 (LOQ) 107.142.72 2.54 0.30
28 99.0+1.55 1.57 0.24
140 99.6+1.71 1.71 0.34
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NaNISNATDU matrix effect 283U -
alolyd 1o wazaiilolad dauaaslunnd s uaz o
MUTGU (HanadourdeeuiEeiupes slope oz
intercept WU CI 284 slope 2835UMalalad Lo

WNAU 0.95 waz 1.05 CI 293 y-intercept 299
= al I " W 4

Sumdlalad 1 whnu -3.74 uae 1.87 M CI 289
slope 224a@3lalyd WAY 0.96 waz 1.05 CI 284
y-intercept 28485318 156 (hnNU -3.97 WaL 1.09

o Matrix effect ¥835UIRLD A 1B
© 1200 -
2 & 1000 -
£ €
= 800 -
e
2,2 y = 0.9994x - 0.9369
= 400
& & 200 - R? = 0.9981
é O'O I T T T T T 1
0.0 20.0 40.0 60.0 80.0 100.0 120.0

a

anuntundy (lulasnsuaaiiadans)

Awd 8 enuFuNUSSERINeNNENT U NI sSINesIUIUNMIALalad 1 MduuazaNuENdunwy

Matrix effect vasa@dlalan

-
© 1200 -
2 & 1000
= €
a; G% 80.0
s 600 - ~
CR =1 y = 1.0019x - 1.4443
S e 400
% C
é u—-g 20.0 - Rz = 0.9985
é O'O I T T T T T 1
0.0 20.0 40.0 60.0 80.0 100.0 120.0

Vv Vv Ad‘ a o T a aa
anunTundy (lulasnsuraiiadans)

Mwi 9 anuFuNuSsERINeNNTNT U NI SINATFIUER) b lEF NP uuaT AN NTUAIWY

ilaihdayadagmuauammn (quality
control sample; QC sample) %mﬂué’f’sashmfwmm
fifimsdnasnespuenugndy 20 fadniude
Alandu Tas3anliszana 1.2 809 uazihanesa

AL 2 9 NNTBUMIATIVIATIEVIBE NN

lwaslfuams tiatumsmiuguaanwmsnsa
AANHuAazIay uaaslumand 2 Jayaninan

T ueu@ intermediate precision (s,) Togldan
One way ANOVA"? @inal s, aeannsnail

Intermediate precision, s, = \/m ...... aums‘fi 1
Within-group variance, s, = vMs, aNﬂ‘liﬁ 2
Between group variance, sbetween = V(MS,-MS )/n ... ai\lﬂ‘l’i‘ﬁ' 3
Tog MS, = within-group mean square

MS, = between group mean square

WU s, 295UMalalyd o uazadilalyd AU 0.36 WA 0.45 MUTIAU
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MAANNIUNGLalHa 18 wazadilalya luhvinumesds HPLC

BaNd waz A5 wadau

@597 2 Intermediate precision Wa3tANzHMBENMUANAMMNIDITUNALBlEA 1o wazadilelud

Sumalalye o

amilalae

Fuitiene (Faansucanlansy) (fadnsueanlaniy)
No. 1 No. 2 No. 1 No. 2
9/2/2564 18.854 18.998 19.261 19.207
18/2/2564 18.415 18.409 19.352 19.543
16/3/2564 17.272 17.206 19.519 19.412
23/3/2564 18.508 18.520 18.147 18.096
29/3/2564 18.799 18.758 17.792 18.280
7/5/2564 18.219 18.496 17.979 18.849
27/5/2564 18.111 17.987 18.136 19.051
3/6/2564 18.084 17.880 19.066 18.734
14/6/2564 17.753 17.572 18.185 18.904
12/7/2564 17.964 17.980 18.694 18.712
18/8/2564 19.120 19.380 19.258 19.387
31/8/2564 18.730 18.560 16.794 16.946
27/9/2564 17.910 16.389 16.183 16.106
12/10/2564 18.061 18.431 16.652 17.034
7/12/2564 18.215 18.444 18.407 19.545
Aade 18.234 18.374
Intermediate precision (s;) 0.36 0.45
%RSDr (Horwitz equation) 6.815 6.810
HORRAT = s,/%RSDr 0.05 0.07
HORRAT < 2 WY gl
NuIUTBYA 30 30

msUszdiuemenyliuivaurasmsin Uszdiy
NNANINYBIHANTENUNINNATITI G araMFILAIET
Tun enaliiuivaunnenuuigniuesansinasgiu
nsdauLiisuleIeeds edaauiaildiadonans
NasgIuLazeiage anudaduiauldannsm
NI msianzdnnmasazaasmsaunay
(%recovery) BBIMINAFDUANINYNGBIUBIIT 1113

AMUIUAIANN LNLUUBUIN (combined uncer-

tainty; uc) warAanuliwiuauzeny (expanded
uncertainty; U) fszauanudany 95% lagld
M coverage factor (k) tinu 2 laa U 2@4
Sumdlalyd o wihnu 3.0 Tadnsudailansy was
U zasadilalad iy 2.2 adnsuaailansy
SpuaruaIunadn NN N LU LB UYBINITINY DY
Jumialalyd o wazaidlelyd dadaslumwi 10
waz 11
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Method Validation of Rebaudioside A and
Stevioside Determination in Syrup by

High Performance Liquid Chromatography

Suthatip Vitchaivutivong and Sirithorn Putsorn

Bureau of Quality and Food Safety of Food, Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT Rebaudioside A and stevioside are steviol glycosides extracted from Stevia rebaudiana
Bertoni. According to the Notification of Ministry of Public Health No. 418 (B.E. 2020), both are allowed
to use as sweetener. The objective of this study was to develop the suitable method to analyze rebaudioside
A and stevioside in syrup using HPLC. The condition consisted of Capcell pak C18 MG II column as solid
phase, ultraviolet detector at wavelength 210 nm and the mixture of acetonitrile and 10 mM potassium
hydrogen phosphate pH 2.6 (32:68) as mobile phase. The results showed that limit of detection (LOD)
at 2.0 mg/kg, limit of quantitation (LOQ) at 4.0 mg/kg, linearity and range were detected from 2.0 to
100 ug/ml (R? = 1). The %recovery of the concentration at 4.0, 28 and 140 mg/kg, of rebaudioside A and
stevioside 96.5-106.9% and 96.0-109.8% respectively. Precision of rebaudioside A and stevioside were
acceptable (HORRAT < 2). Intermediate precision calculated from analytical results of quality control
samples of rebaudioside A and stevioside were equal to 0.36 and 0.45, respectively. In conclusion, this

method is suitable for analyze rebaudioside A and stevioside in syrup in the laboratory.

Keywords: Rebaudioside A, Stevioside, Syrup, HPLC
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