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n13¥1U3nas Imperatorin
Tusane AL 830 Ultra Performance Liquid
Chromatography (UPLC)

¢ v £

maiy dnxdan  aAshY dndias  Wssssy emfisuser  Fmaad suaSulsa

v [ J

o JAQ} J =
ANEITY BaUNA HASURATI "\)HTI‘SE!’J”IWJ‘ET

amuuIdgayulns nsuInenmansmsunng ouudNuuT uuny3 11000

unAnga Imperatorin NgnEmeEinmw wu dusandedy swilsen venswasnidan FIUNTNENNYDY
wnanEan uau L‘ﬂumiaanqwéﬁﬁmwfiﬁwﬂuwamqN (Aegle marmelos (L.) Corréa 1d Rutaceae) &4
Whuanulwsifimslilsslamiamsnuesnansasiguamn wddalaifizmamuauaummwanulwsziiod msdnmnil
Fafifaquszasd o WanisitazUsunar imperatorin lunawuzqueae3s Ultra Performance Liquid
Chromatography (UPLC) %Qﬂ?&ﬂiﬂﬁ?ﬂagaLﬂi’]z%ﬂ@%’é’ﬂﬁl M3aNaIaglaens reflux WaNsay 1 N3N
1 hexane U315 50 §9d305 Wunm 30 Wl nseuazihasafafldinszmewis Nniuazansnduazlsu
U530568 methanol auAsU 25 fadans 1hasazaamati 3 iasans ienziasaias UPLC lagld BEH
C18, 2.1 x 50 §aawun3, 1.7 WlAsWAT wazld 60% methanol (i mobile phase 8a51M35Wa 0.5 Nadans/wnd
a1930d8 PDA fienwemaay 302 wnluwas managauanwlglazeds wuh calibration curve fiananily
HUASI LU NANNLNTY 0.0402-0.2414 Taan5u/Nadans Na coefficient (R?) AU 0.999896 @ %recovery
aglu29 99.43-103.009% @ HORRAT lafiu 0.60-0.88 i LOD waz LOQ (AU 0.0026 Uz 0.0086 Aadnsu/
fiaaans musau Faudaliifiuh Swnsinwenniuiieanuoenzas sansoh lWFinessiensivine
imperatorin lunanzgy wazanansahlugmsmmuamnasiusinumsaanlunanzguaaly
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Quantitative Analysis of Imperatorin in Bael Fruit by UPLC Duangpen Pattamadilok et al.

N

QN (Aegle marmelos (L.) Corréa 296 Rutaceae) ﬁ%amﬂ'mu l6éwn Bael Fruit Tree, Bengal
Quince uaz Bilak #aviasdu laud nziiumios auae gu (Uaonil) welued (lws) uetlu (wile) wzla
(uaidasaaw)® Wulidunaalu ge 10-15 wes Aamudimnuuvay TudssnaunuusuunUmed 5ind 3 ludes
s/lidesUs eanaanfiudanszanvain  vidadludenszas aanauysaliwa nduldsuaznduaani 4-5 ndy
don finduvan nasne] 30-50 1 gnhnauaen adaionmawEe nsinanded Wisntuusnmnuas
uia wWasnduludeujuuazani ssnldeuihudaiionagn wianssduuu fdwunn gnimandzinen
UENEHEL T sudauuaiie duden dube futimananieesald Sivunalunszwzamns
Aanenautiiaiday dudamiu anszauihmaluden anluiy Fudamsifie lipid peroxidation (Hudu®
maunngiutulnelduanzguuiuadalaign daudauwds dhuue g sefulssmuudvauds uiioe
wAlsANsEMzeN5 Ehadau W3NS uAsIgimMs duengay amas waungnnulvtdaanuen
funsgniuthamaues ifumszneas udaulunszmeh udynidan dadess weiimsldwauzguluide
“OIUAANNTIU” UAFNNTIUUNGS N Fuana q udlading

IS WAGHELH

imperatorin ¥138 marmelosin (mwﬁ' 2) Huas Lﬂﬁﬁwﬂuwamg}u Lﬂuﬂ'l’iﬂﬁju furanocoumarin
ﬁQmauﬂ’ﬁmmsaazmal@“lmfﬁauLwilu'azamimfwLﬁu ara1alely chloroform, benzene, alcohol,
ether uaz petroleum ether &3 imperatorin HgNaNINTINMWVAINUAE HU GIuDDNTLATU®
druilasan® senavaanidan® dumaimeznguraaniadan® duin® dudimsusdeaadahisand
HIV® uazduda Cytochrome P450® {lugy asfsznaumataiiniingu ﬁwﬂuwam@u 12 luvangetin,
aurapten, psoralen, marmelide L8z tannin Whugu®

NIMINUMUNBNUM I WU FnsnumsdneiFienzidadnaeasssaanlunanzgu
wanedd loun msmuSinawnuiiusiy (35 Folin-Denis)” msmusinailuaasin (35 Folin-Ciocalteu)™
msmBnaanhussdsin (55 Aluminium chloride colorimetry)® Fsgruuaiilumsmusanaludnuas
revUSInanguasaAey shumsmuSinaa i daae 9 luwanzgu laun M3mUSana imperatorin
o35 gNMR (quantitative nuclear magnetic resonance)"” wanani galmImuANAMMNGILTS
chromatographic fingerprint leéun HPLC fingerprint profile 8z HPTLC fingerprint profile 284
lunzgqu malasans aegeline Wuasdagylulunzguuasldiiundadneieduems
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2 2 Tased1ameAiizee imperatorin

\ila991n imperatorin (umsaiiinulunauzquuasiignimeimwuanvas msdnmide
f:ﬁ%’mqﬂisawﬂ,ﬁaﬁwuﬁ%ﬁmeﬁﬂ%mm imperatorin Iuwauzguﬁaﬂiﬁ Ultra Performance Liquid
Chromatography (UPLC) Tldisinnsvitlinagndas uiueh 510151 wosiifadiold wannmsdnmise
il sansmh lldslezilumsmuauaamwingiu aaasaumsideuasiannd3uaniifnonsguiudu
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180
1. adNHANTON

FIWTINMDENRANEAN NUIY 29 pe Tudrdauiigueu 2554 Bunwey 2556 Uukadn
VNUASIBTINGR I 3 BN wasnawisInHueayulns N 26 drvgn waaahnanlvazea
sy fbiuds nnthinavlugeudouiigamail 50 esewaidea wu 3 fu thanuadiues
uwsnues 180 udndvlumaumdnilaain dunawinhinaulugausauiianmgi so asrnuwaided iunm

1 a9 talaanazy warhanuadlues uusetwas 180 wanfulumaumanileaiin

2. @19 NINIPIY
o £ . . .
imperatorin (marmelosin) @NU3E§ND = 98% (Sigma-Aldrich, India)

3. myazany
hexane (AR grade), methanol (HPLC grade), ‘13”1 (Deionized water)

4. \@3asiia
Acquity™ Ultra Performance Liquid Chromatography —PDA detector (Waters®, USA)
Mettler Toledo Analytical Balance
Eyela NE-1 Rotary Evaporator
Retsch AS200 Basic Sieves
Water bath
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[

5. JagInenemans
Acquity™ UPLC column BEH C18, 2.1 x 50 #adaius, 1.7 Wla5ues, PVDF membrane
filter 0.2 lulA51u05, Membrane filter 0.45 lulasiums, Nylon filter syringe 0.2 lulA5iuaAT,

ASEAINTDY LUDS 4 LLASIATDALAT

A5M3
1. MINAUITIANHUTINY imperatorin Tunanzan
1.1 Mstdantinzaimmazalglunsann

afiadagaranzgy 1wt 1 03N e hexane uaz methanol U3iNas 50 fadans deis
reflux {funan 1 57T 1589 1Ha1581 0 hexane lUszauis udrarmenduuazU5uUsnases methanol
quAsy 25 9aans lagld volumetric flask suansana methanol ThhlUszmeaiiaant3anes ant
USulsanasnauauasu 25 daaans lagld volumetric flask ugnhadasziaiseiss UPLC e
wWisuiisuanuaansalumsanaans imperatorin NNHANONYBIGINBzANBUGALHTR

1.2 M3ANEITzazANBINEaN lUNITEN e
£ v %’ L [ Vv aa < = v
ANAKANTANUIT 1NN 1 N5N 618 hexane lagds reflux (UuIaN 30 waz 60 1T NT89 U
hasazaanle lUssmeanra ntuazaanautazlsulSanaseis methanol 3uAsU 25 Haaans laaly
volumetric flask 1asazanamIae e lIiwzvialrsasas UPLC watlSautiiaunarasnanlg lums

aNAa13 imperatorin

1.3 ANNeNAIUIUNIAIINIAGIT imperatorin
19M39anauUKsd UV 283 imperatorin tWaQANNENIAUNEBUALENINTOAANFULEGIHD
(\max) uazitansvasazagiiagnnanzgulosld PDA tWaldanauenadudmiuniniaie

imperatorin Tagdldnunsiia co-elute

1.4 Sgmansiikazigmanaeui
Spmeasil Wisudisunasasaedniaiiaia g AuandefuluGesiioaymameluasdng
(BEH C18, BEH C8 wa BEH phenyl) anuegniaaany (50 waz 100 aduns) TagRansanidonmeanil
PNNEME peak o4 imperatorin (peak shape uaz peak symmetry) uaz retention time
Spmaaaeuii dnwmafiauazdasiuzesigmaniauil Tagfiasanain peak shape uaw
retention time 2839 imperatorin ANNENITO IUNTUEN impurity 370 peak 284 imperatorin Tussazane
MIBENNANZN wazANNGUIBITTUULATIN NN

1.5 391A92HUSINUE5 imperatorin

lagasisnnwamsdnuluda 1.1-1.4

2. manadauanlilazadidienzinaad
nasauaulglazedizienziusinm imperatorin luranzguiinannzumuuunUidmmasau
ANNGNABNBNITIANziMaAillagiaslfuimsden naudnenmansmsunng nsznsnans gy’
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M3NUSIN Imperatorin TunanzgueeI5 UPLC NN Unudan wazane

2.1 anaidudunse (Linearity) wazd1an153ta5ey (Range)
SassaraeasNAIFIL imperatorin 7 6 TEHUAMNENTY GIUR 0.0402-0.2414 FaAN3H/
95805 MNBNTUAT 3 71 uATIAIEWN 3 RS9 eBLA3as UPLC e peak area WazAMMLausiy
NFIINLDYFTITNINIFIU imperatorin luase calibration curve @nw Linearity TaaWasanan
coefficient (R?) uazganudusufivhmsnasay (Range)
2.2 ANNUNY (Accuracy) UaTANNTI B (Precision)
WNENTNINTIU (spike) ﬁmmtﬁ'uﬁ'usxé’whq 9 Tuzeamsldau 3 seau agly sample blank
Ua2ILA1eY sample blank (unspiked) I 6 2 uazAeE spiked sample 520U 3 2 UGz
duplicate ﬁl’lﬂ‘l?uﬁ'lu?mﬂ"l 9%recovery, %RSD ez HORRAT

(C,-C,) x 100
C

9%recovery =
3

=1 v vV .
, @D ANULTNTUYDIFS LY spiked sample
C, A8 anundupaeslu sample blank
fa anuENTuYesEsIeNaely (analyte)

2.3 AANNAVBINITN5IANY (Limit of detection, LOD)
LOD ﬁwmmmnﬁg@GTWUaqmwxlmmgmﬁm%au‘[ﬂﬂ% sample blank taasannanasgu
Toel% spiked sample blank 7 6 STAUANNIANAUADIENTNINTFIU 52OUE 3 2 Nt ae sy
NNIFIUYDN y-intercept (Sy/x) tazmuiua) LOD Tog LOD #a ﬂ’.)’ml,“flluﬁluﬁ response NU y-intercept

+ 3 Sy/x

2.4 AANNAVBINIINBIUINIM (limit of quantitation, LOQ)
LOQ mwales LOQ Jawinnu 10 e Sy/x

2.5 AN (Specificity)

310512% method blank leganauazI@NRmaISNNMUY TFaNSOENIMNG e LR
~ dl o PRy
taaadauassumMuiNNNmsteivsagUnsalinly

3. MIIAEHUSH imperatorin Tushadeuanzn

AeNevUIIna imperatorin Tuwansgu My 29 dr1ae19 areIsnwanzuluds 1.5

We

1. MINAUITIANUTINY imperatorin Tumanzan
1.1 sHianasmazaralunsann

HamMsAnWU Wathasazanailannmssnauansguels hexane uaz methanol 3ta51zH
meLa3ae UPLC wul wuilansiwues peak 815 imperatorin 91 retention time 1.3 ¥ @0 laiuanananu
(MWH 3) uaasazanemagnaileaInmsanaae methanol AiiFuasansaraamatadunNMsanane
hexane wasgawumsnnaznauiianifislingumgd 25 svewaded melunaliniu e 7alae saduasnau
4 . 4 ¥ 2avy
naenuliameiianenal3inadu
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Quantitative Analysis of Imperatorin in Bael Fruit by UPLC

Duangpen Pattamadilok et al.
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1.00 =
b 1
| {|
o ( | | E
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NNN 3 WaMIIN® imperatorin (marmelosin) Tuwauxguﬁaﬂ hexane wag methanol

aaru Tumsweunisinnzvusaina imperatorin Tuwanzgy Fudanld hexane Wudivhazans

duniglumsanaaadranzgy

1.2 szaznanwazaNlunsana

PR v W ' 2 v Y aa a @ o
a’]iagajﬂﬂlﬂﬂjﬂﬂ']Sﬂﬂﬂmjaﬂ’]ﬂwaﬂg(ﬂﬂ ‘Zf\jﬂﬂﬂﬂ'lﬂ')ﬁlgﬂﬂ')ﬂu‘[ﬂﬂﬂ']i reflux NU hexane

wAszaznMNIFlUMSINALANGNNY WBININIPTLHaIenIas UPLC wuh wudnlensiwaae peak a5

. . ‘5' . . P g QJ vV o ' J e lﬂ'
imperatorin Y retention time 1.0 YN NANNMTFNAMIYTLHLLIN 30 LS 60 UIN umlmmnmmu (M 4)
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MIMUTII Imperatorin TunaNzaNMEIT UPLC iy tnudan uazane
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MnLies
Hesane-Exd (60 min), Date Acquired 2222013 111541 AM KCT
Hexane-Ext (60 min); Date Acquired 202202013 112030 AM KT
Hexane-Exd (30 min);, Date Acquired 202272013 1125 20 AM KT
Hexane-Ex (30 min); Date Acquired 22272013 11:30:08 AM KT

iR icasiesifiit : LR

NS

'5 Haxane-Ext {60 min) | 1297 1038 141610.52 5387963
é&?-.féﬁ&n_n;ﬁ_fﬁ{ C 1007 13767907 | 5332192
Hoxane-Ext {30 min) | 1307 - 1006 | 14478661 | 5602546

| Hexane-Ext(30 mn) | 1312 1007 | 14708225 | 5649411

M 4 wazaeszazNFlunsana imperatorin (marmelosin) MNFIDENNANZGN
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Quantitative Analysis of Imperatorin in Bael Fruit by UPLC Duangpen Pattamadilok et al.

o & v aca < a . . = -~ v < @ o
garu lumswannIsieseivsinm imperatorin lunanzguiadanly hexane udimazaely
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1.3 ANXNEMAIUUNTATINIG imperatorin
NANIANHINMTQANAUUEN UV 289 imperatorin WU Amax 284d1304na1 Aanu
a d a P o ' 5 <
218.8, 248.6 WAz 302.5 WWMNT (MW 5) wasiiadAeanITacaIampENNaNzONMaLAad UPLC
Toe'ld PDA (1 detector enuemMAdY 302 TUNAS IINUMSHA co-elute 20IF15AU (MWD 6)
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1 ¥ " &
1 , ; __.--" -\
2 i = T, 3025
- -5 e ===
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2N 5 UV spectrum 284 imperatorin (marmelosin)
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1 _'."'.-\. ._— -' e S R ._.I:_'....'Enz.—-_._....._.__ R
] e i R S o E z
L e e e T e e e e e e L e e i e R L R
000 A 04 0 al 11 A 150 1 180 240 12 240 280 2 A4H)
Minubes,

anh 6 UPLC fingerprint 2898130808608 NHaNEQN

v & v ada < a . . = P o =4
MNUU 1un15wwunmmswswﬂ5mm imperatorin 1HN6N$QN NADNATINIANMIQAND UL uv

Nenueedu 302 Wlues UM

1.4 Spmaasiuasigmaiaiaui

’S’g]ﬂ'lﬂﬂﬂ’ﬁ' nNsA@n®) UPLC chromatographic fingerprint 28961580 hexane
NNHANEANULANTINTAGE PDA fienaemaay 302 iluwas Togld 70 % methanol uSgmeandaud
wuh el UPLC column %iie BEH C1s, 2.1 x 50 fiaatuns, 1.7 lulasiaes wuih UPLC chromatogram
‘f’ﬂeﬂﬁ' peak 284 imperatorin ‘7; retention time 0.6 117 %ﬁﬁtmﬂﬁnﬂ impurity 5uasiw8’mw ﬁlﬁﬁgu
3adan UPLC column #ifindananswiuisiiaszviusina imperatorin AWanna

Famawedauil Waliuasuesdlsznaurasigmaeaauiiu 55 % uas 60 % methanol
WU retention time 284819 imperatorin Lﬂsﬂulﬂu 1.4 U8 1.2 Wi ;uaau LLazLﬁas["ff’ 60 % methanol
duigmaindeuiiasle peak shape 289 imperatorin fidau udilald 55 % methanol AMNGUYBA
52Uy UPLC asgeiiu Svasrnlmgmsldnuues UPLC column duas
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a . a = a
M3NUSIN Imperatorin TunanzgueeI5 UPLC NN Unudan wazane

gany lumsiauisiensvusina imperatorin lunanzgualziaias UPLC Faidan
14 Acquity™ BEH C18, 2.1 x 50 faawes, 1.7 Wlasiuas uaz 60% methanol (Wuigmeindaud
751999078 PDA fi0010808% 302 W luuns

1.5 3531@512%US3 ™ imperatorin slumam:gm
MILOIBNEIIALAIYADEN
aNarINZaN 1N 1 nSN M8 hexane U303 50 §98305 loeA3 reflux Wunm 30 Wil

ATA9UAZINESINAN LA M T MINTUazAIENdULazUSUUSNIN5AI8 methanol IUATU 25 NAFANT

NILHIINAIIAZAILNIAIFIU imperatorin
74 imperatorin 11N 20 #8dn5u araneuarUSuUSINAIAIE methanol AUATU 100 JaAAAT
28 volumetric flask MNUUEDININLG 6 FTLAUANNWNIY AD 0.04, 0.08, 0.12, 0.16, 0.20 AL 0.24

NadnIN/Nadans

annzaasszuulasynnnsil

igmﬂmﬁ Acquity™ UPLC BEH C18, 2.1 x 50 Hadtuas, 1.7 wlaswes
auuniinaaNl ambient

Spmanaaud 60 % methanol

80IMS5 l%a 0.5 Naaans/ui

MINTIVINET PDA #ianagnnay 302 winlumas

Usunesmsile 3 lulasans

1a# retention time 289 imperatorin (NN 1.2 ¥

v acta I'd
2. mMInadauanyltlanaiifiesey
2.1 anathudunse (Linearity) wazd1an153tas51y (Range)
A0TTLNBAITNINIFIU imperatorin 9 6 TLAUANNIANTU AIUG 0.0402-0.2414 FaANTN/
a aa vV v %’ = '3 %’ g v Aﬂ' o l vV v
F99805 ANUWNIUSE 3 T WaLIATILHE 3 A9 MeLr3ad UPLC 1@ peak area WazANiNg Uy
§130a18d1581N55IU imperatorin &5 calibration curve HaMsANE (MWH 7-8)

WA 7 Chromatogram YN TALNYFITNINIFIU imperatorin
TuzeMN N NTY 0.0402-0.2414 HAANTN/NaDANT
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Quantitative Analysis of Imperatorin in Bael Fruit by UPLC Duangpen Pattamadilok et al.

Catbratian Prot
{
vy
!
1cunf] : u
1wt s
i
1004 i
1
’ i
3 om ]
1 -
lwél H 4]
s -
{
i1
I
1
i
1
£y
B e et e e e e Y e ¢
LL ] R nis o= aam on L e o L] 128 [LFed L]
Corpareston

Mymwions: Fi Tyge Unedy (151 Orgler: EQUICN 7 = 1 200007 X+ 100e=-004; R'Z 0563690

7MW 8 Calibration curve ¥838138:aN8E13NINTZIU imperatorin
TugeN N NTY 0.0402-0.2414 NAANTN/NDANS

NNMWN 7-8 WU calibration curve 289815810557 imperatorin Hanwaeiudunse Tuds

Y v a a o a aa IS . 2 " @
ANNLYNYU 0.0402-0.2414 NIINTN/NIVINT Taadian coefficient (R”) tvNNU 0.999896

2.2 AINUNY (Accuracy) wazanutiiay (Precision)
Walinasnespiunenuuguszaua 9 Tugemslanu s sau aslu sample blank a5z
sample blank U 6 7 UAILATILY spiked sample 5:AUAE 3 & UARETIN duplicate HAMSAN

(M5199 1)

MTNN 1 HEMIANHIANNUNULBLANNLNEN

Standard addition %Spiked %Recovery NN SEBNSU
. HORRAT**
level target Individual Average U %recovery*
Low level 104.8272
50 101.7207 103.00 0.60 95-105%
102.4670
100.1012
Medium level 100 96.8887 99.43 0.88 95-105%
101.2907
103.1674
High level 150 99.1816 101.06 0.76 95-105%
100.8324

* e AOAC Peer-verified methods program on policies and procedures, Arlington, VA, USA (1998)

 MsgaNsUANNNE Useiliuann HORRAT (< 2)
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M3NUSIN Imperatorin TunanzgueeI5 UPLC

Mgy Unudan uwazaoe

2.3 AANNAVBINIINIANY (Limit of detection, LOD)

WU LOD #ANU 0.0026 NaansH/Nadans

2.4 AANAVBINIINBIUTIAY (limit of quantitation, LOQ)

LOQ 1nMsauIse HANU 0.0086 Haansu/Nadans

2.5 ANNNILNE (Specificity)

NAN3ILATILH method blank laiwuanssuniu peak 284 imperatorin

3. MAIANHUTINY imperatorin lumagauanzaa

HaM AU imperatorin Tumanzgn MY 29 @198 WU U3ios imperatorin

fieaglugi 0.04-0.5 % lagumiin limwdereUsana imperatorin AU 0.20 % Taguvtn Andeaun

NOIFIU AU 0.09 (MTNN 2 UBZMWN 9)

M7 2 KM IIATIWUIINM imperatorin TunanzgueIeis UPLC

1U310¢ imperatorin

1U3310¢ imperatorin

o] _ ot Y,
(% laaiwiin) (% laaihwiin)
1 0.24 16 0.07
2 0.24 17 0.14
3 0.50 18 0.18
4 0.04 19 0.28
5 0.19 20 0.13
6 0.17 21 0.27
7 0.29 22 0.09
8 0.13 23 0.16
9 0.25 24 0.37
10 0.13 25 0.32
11 0.10 26 0.24
12 0.16 27 0.18
13 0.12 28 0.25
14 0.10 29 0.26
15 0.23 b 0.20
SD 0.09
= | FE Y
o sl sl : 2w R e
\ / R o o g b A
\ . A
¥ ! T 1 m i i ! i
o el

c; 2 . .
M 9 USuna imperatorin lunanzgu
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a -4
AU

[
o v

F55uissmunanzgulasmnisdumhusgy Fasldihusguiddnvaslaiiasmnmady
szdmhlusnamnn ualumsiesnzilsne imperatorin wnadalasmsauiuinuaziinanusings
ssafanlaazisnvasdudion dunile lisunsommsiwnddiedsila sadaslddnhazasdunid
Tumsanauny UPLC High Performance Liquid Chromatograph (HPLC) fifimawannuiialw
fiuszansamumsuenars anwlilunsuenansiiazu 185gmawmasuinfesas uazanszaziialums
a5z Gty Sadanldiedas UPLC Tumawaunidieasiiina imperatorin Tunanzgy
nnsnadauanuldlaueditiesevlsana imperatorin Aanau wui %recovery AINNIT
A8 spiked sample aglutnawisaniy (95-105%) FeudaaieaN NN UYadEIATILH Lazen
HORRAT aglutnaizaniy (< 2) FIUFIAIANNLTBIDITIA N AW aN T Y SadananTedany
wisnzan aasa lUlglunsiesziusanmeas imperatorin Lﬁ'amsmuquqmmwwamamgu
galuldnnuamsienzilsina imperatorin Tusanzgu 1wy 29 et snsaihlugmsmnue
wnasusaa imperatorin Tunanzguld Tasmvuamnainaslsmnamsdananaudis 109 289
Aindstiy Fdiauniu 0.18% Wallawnfunadion 1 dumis 16 0.209 Gty wanzguadsEUEINN

imperatorin l41a8nin 0.20% lagiwiin

GREL

9

353ATe9NU5In0 imperatorin lunawzguiiaeies UPLC fiwanniu Tasadawuszga i
1 133 ¢ hexane U303 50 1adans 10e33 reflux unan 30 Wil nseauazihansanaleaansemeui
NntuaznenauLezUSUUsINAseE methanol AuAsU 25 Tadans 1hansazarsdenan Usines s iaaans
dauhgszuulasinlnnnilyes UPLC #41% column %ila BEH C1s, 2.1 x 50 faawns, 1.7 lulasiues
wazld 60% methanol Wusgmaindauil sasimslua 0.5 Fadans/ i wazasaiadsais PDA
ﬁmmanﬂﬁ'u 302 Wluluas 2:U57n4) peak 294 imperatorin 17‘; retention time AU 1.2 U
uamsnagauanu1Flauasdifieneiaenan wuh calibration curve fHanududuaseludianududiy
0.0402-0.2414 Haan31/Haaan3 1 coefficient (R”) MU 0.999896 @ %recovery BglugN 99.43-103.00%
A HORRAT mnU 0.60-0.88 # LOD waz LOQ NAWMINU 0.0026 oz 0.0086 NaanIN/Nadans
ey Mndayateduuaasliiiuinsiensiivennduiienumnggy mansnhluliiizesa

aeiUIna imperatorin Tunansay wazannsah lugmsmuuanasivdnumsaaylunanzguealy
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Quantitative Analysis of Imperatorin in Bael Fruit by UPLC Duangpen Pattamadilok et al.

Quantitative Analysis of Imperatorin in
Bael fruit by Ultra Performance Liquid
Chromatography (UPLC)

Duangpen Pattamadilok Apirak Sakpetch Peradhama Thiemthieprat
Sirikarn Thanaariyaroj Sakwichai Ontong and Nuchattra Chansuvanich
Medicinal Plant Research Institute, Department of Medical Sciences, Tiwanond Road,

Nonthaburi 11000, Thailand.

ABSTRACT Imperatorin is an active principle for anti-oxidation, anti-tumor, vasodilation,
anti-platelet aggregation in Bael fruit (Aegle marmelos (L.) Corréa, Family Rutaceae). Although this
plant is widely used in traditional medicine and health products, there is no quality control method
for it. The objective of this study is to develop an analytical method for determination of imperatorin
content in Bael fruit using UPLC. Sample preparation was prepared by refluxing 1 g of powdered drug
in 50 ml of hexane for 30 min, filtering and evaporating until dryness. The residue was redissolved and
adjusted with methanol to 25 ml. A 3 pl-portion of sample solution was injected to UPLC system.
The analysis was performed using BEH C18, 2.1x50 mm, 1.7 im column and 60% methanol as the mobile
phase at flow rate of 0.7 ml/min, and detected with PDA at wavelength 302 nm. This method was
validated. Linearity was established for imperatorin concentration range of 0.0402-0.2414 mg/ml with a
coefficient of determination (R*) 0.999896. %Recovery was in the range of 99.43-103.00%. HORRAT was
in the range of 0.60-0.88. LOD and LOQ were equal to 0.0026 and 0.0086 mg/ml, respectively. It was
shown that this developed method was suitable and could be used to analyze the content of imperatorin

in Bael fruit. The appropriate specification of imperatorin content in Beal fruit could be established.
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msﬁ’wmuagmﬂaavmwgﬂﬁawaﬁﬁﬁmeﬁ
v 1 PN dy (Y] g
ﬂmﬂmqﬂqa«m‘[u‘[auclumaam

lagwmaiia HPLC-FLD

M aamaen:  wazaae uinaiyanaiay

SnAAUMNUALANNUBNAEINT NSNINNAITANTMIUNNE OUUANUUT UUNYT 11000

unAnta mﬂﬁ%auanzjm%‘[u‘[auL‘ﬂusn‘*?iaqngmiﬁ‘lﬁlums%’nm‘[iﬂamL%ﬂiuﬁmiﬁtgﬂmﬁamiu%‘[m mMsldenad
Ligndasasihliiiamsandluiodod dwaldifiemmeiadsiazmstomlusyudld SddWannuasmaday
mmgnﬁamaﬁﬁimiwﬁmna:uﬁ U 6 #ia lewn danofloxacin, difloxacin, enrofloxacin, sarafloxacin,
flumiquine waz oxolinic acid lagnaiin HPLC-FLD mnzjuﬁv%gﬂaﬁ'ﬂaanmné’aazmﬁwaﬁamﬂ NENUDY 0.3%
metaphosphoric acid nU acetonitrile MmeaaTdU 1:10 laguSas maaluaulasldinaiia liquid-liquid
extraction 928 hexane fiaushaae acetonitrile LLazﬁ’lﬂlﬁ'U%Ejﬂﬁﬂﬂﬁlﬁ ieile solid phase extraction @28 HLB
C-18 cartridge MnUATIVIRNsTaLazUSINMR8ASes HPLC-FLD 33¢inanigaifasasmsasiany
(limit of detection, LOD) wazmandnezaanmsiadausana (limit of quantitation, LOQ) WU 5 wag 10
TulasnsudanTansu museu Frmdenzdilienuduiugfudunse (linearity of working range) agluza
10-100 lalasnSudailansu fiendndszansmsenaula (coefficient of determination: R?) snnih 0.95 #anu
Wiy (accuracy) UEMNAIBAIRED % recovery WazANNITiEN (precision) uaaedsd HORRAT fiszduanusa
74 10, 50 uaz 100 ulasnsuaailandy aglugie 65.1-97.8% uas 0.3-0.9 MUAGU USLAINMINAFBY matrix
effect MNEDANIE paired t-test W‘Uiﬂa\iﬁ@mmmﬂ@hqaf;h\aﬁﬁfﬂﬁwﬁ'zymmﬁaﬁixﬁummﬁéaﬁ"u 95% (U = 0.05)
mshsawlusunsumsnagauenishnglasmsiSeuiisunanadausswhaiaa fiinmsiia |Z| deend 2 Filaadl
mmmmxemﬁ%ﬁwuwiﬁ‘luﬁaqﬂﬁﬂ’ﬁmsmaaummﬁhﬁmummﬂsxmﬂnizmwmﬁﬁmqw (211Ut 303) W.4. 2550
nntulddhnatiinamsandmasmsnguifluilald avy uanilafidnnumidy eo ey fimmiheluama
11 wisluwangunwa wasuunmyd wuhdiilald 1 draehe fiesrawy oxolinic acid Ui 29.5 luTasniudie
Alansu uazdn 2 ¢t wu Enrofloxacin USinea 16.1 uae 16.9 ulasnsudanlaniuy
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Method for Determination of Quinolones in Meat Jirapa Unahalekhaka and Ladda Kaewklapanyacharoen

UNU

ngnenailulauignslasaasavaniusenaueis 1-substituted-1, 4-dihydro-4-oxopyridine-
£ v ' v v '
3-carboxylic moiety Uaz aromatic groups igndauuuaiiiss ansautsmugaslasalaiiiu 2 ngu
Ao ﬂ’q'u‘ﬁ 1 Lﬂuﬂduﬁﬂizﬂaué’m pyridonecarboxylic acid laun nalidixic acid, flumequine 8z
.. . I aa A < v o o a vy VoA I VoA 1%
oxolinic acid (JusnufFrusndgnderuuvaiiGeriounsnaulad wazngui 2 Wunguiusznauee
piperazinyl loun danofloxacin, enrofloxacin, marbofloxacin, sarafloxacin, ciprofloxacin, difloxacin
ao PR &£ oy . . & P a
Wuenujzrusilignsnine (broad spectrum antibiotics) MauuANSenlaULATNUIN LATNAY WAL
mycoplasma laggugaiaulysl DNA gyrase uas topoisomerase IV fisnfludamsmanuazulasswa DNA

v
=]

(DNA replication and transcription) 2asuuaiisa™ » znﬂquuv‘ﬂumﬁmgmumiﬁ‘lﬁﬁa%'nwﬂsﬂaﬂL%ya
Tuszuumadumsla madutlaams wazmuduemsludaiidsuiamsuilaansdatunuasdadin®
mslFmadaligndasmde liaumgaumamulszmansznsrunuasuasavnsol 3ee daufianmsauny
msldendad mammuandneisasiihaldiludunanlumswdonmsdai™ 2 viamuissmanssngg
A@VNIIN (a9 Taruuamamuaumsldenamiuda® swlidamslivgiamumsufiamemsinues
i@ (Good Agriculture Practices; GAP) &hw%’uﬂqé’miﬁ%‘aﬁﬂiﬁw ﬁﬂﬁlﬁ@msmﬂﬁwwaamﬂﬁ%m’lwﬁaé’mi
ilavilneazdaalifiieemathadasiifedasfussunlszamaunans oxmsliaunerios aauld thadswe
waulindu® wazanadaliiiamsaeenlunywdldiasnnidumngudmduitldlunywd Smsnsauh
Ussinalnemdsssautigmmstemnguilieada E.coli Tosiidasazmadaeniszann 54 Tuill w.e. 2555-
2556 L%Elﬂ’ciu nontyphoidal Salmonella uaz Shigella lugimeaesTuaaniiasla fiedasazmsaem
nquilogd 0.2-4 uaz 0-s2 MuAMAL® wazmnnisewuhliwsudemdiude Salmonella wnnih
Tnthu mmqLﬁaqmﬂﬂﬁlﬁmﬁmﬁgaﬁw wu fidanimsdesda nalidixic acid, ciprofloxacin NN
Sawar 59.2 (U 78.3, 0 (U 8.7 mumeu"®

m's"?LﬂiwzﬁmﬂﬁjuﬁiuLﬁaﬁmiﬁauiﬁmﬂﬁﬂ HPLC Taefinissasiaiailu UV/VIS, photodiode
array (PDA)""'?, fluorescence (FLD)"*''® 38 MS/MS“® F3fiWannauani fiunaumsiaaaudacna
BunnmMIanametTafINarmLaraNaLMEnNIa MInlusugie n-hexane v‘iﬂﬁu%qw%( (clean up)
%8 solid phase extraction: SPE ugesziniauazi3nasieniss HPLC-FLD

mulssmanssnTNasIsuE atuil 303 W.A. 2550 (309 BrnsindaTandn Imamwua
ANATFIUMIITIAINUENTOTAnA19GIE0 (maximum residue limit, MRL) nasennguiiliifies 3 afiawhiu
@ sarafloxacin, danofloxacin uag flumequine laganmala ldtiuUSana 10-80, 50-400 WAL 500-3,000
Tulasniudanlandy muddu 0 wazenanlszmansaladad w.e. 2549 (389 MULANNATTIUNITANA
dmSuduarladainivualdil enrofloxacin andngegala bitiu 100-300 lulasnSudailanin®
uiilosmnlulsanalnadslinumsnenumathssRennguilluamssthedaiiias uasngransglinsouagu
nguimnziio Nuieliiisnesguluszduniviounnmd (AOAC) dwidsiiiiudasiannianey
fmnzaufuieoslfians Tesdenldinaiin HPLC-FLD wihasiianuhiisaninaiasnsaianie
MS wia MS/MS 15-50 uh udfienulananiaiio UV 5 wh® ialiulsslenidemsduasasguilan
waziludayalumsmvuammsanmegega (Maximium residue limits: MRLs) #asuszinadaly
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acda 7 a dgl g 4 a U k4 k4 a
Wienzviailulauluiiada? M YURLIUNS LT u,mﬂmf]fyiyu%ﬁy

ﬂ"litﬂﬁltﬂ%ﬁﬂ"l‘iN"lﬁﬁﬁ'}u

3010957 : danofloxacin mesylate (purity 93.5%), difloxacin hydrochloride (purity 97.5%),
enrofloxacin (purity 98.5% ), flumequine (purity 99.0%), oxolinic acid (purity 98.0% ), sarafloxacin
hydrochloride (purity 95.5%) Waanw9i Dr. Ehrenstorfer GmbH

a3tadl : acetonitrile (C,H,0,), hexane (C,H,,) uwaz methanol (MeOH) ({u HPLC grade,
phosphoric acid (H,PO,), metaphosphoric acid (HPO,),, sodium dihydrogen phosphate (NaH,PO,),
sodium dodecyl sulfate (NaC,,H,,SO,) uaz sodium hydroxide pellets (NaOH) tilu AR grade

ta3asiiauazgunsal

LASDITIANNBZLEER 0.001 NSN WA 0.01 HaANSW, refrigerated centrifuge, vortex mixer,
rotary evaporator, Lﬂ%}mumﬂu (blender), m%amamﬂmﬁmﬁm (homogenizer), micro pipette 2UIH
10-200, 20-200 Wag 100-1,000 LulAANS, screw cap centrifuge tube 2116 50 §aaanT, separating
funnel 210 125 498863, round bottom flask 2U10 100, 250 WBAANT, vacuum manifold, SPE HLB
cartridge, micro-spin filter tube %@ PVDF 0.45 lulaswuas, tA389 HPLC Agilent 1,200 series Usznau
08 quaternary pump, autosampler, vacuum degasser, thermostat column compartment, detector
#ilg FLD Ex 327/Em 367 nm, Ex 295/Em 446 nm, HPLC column: pHendure C18, 150 x 4.6 Nadlu®97,
5 lulaswes dulaedauiidussazasnsuus acetonitrile: 0.05M NaH2PO4 (pH 2.5) 35:65 (v/v)
#ifl 5.5 mM sodium dodecyl sulfate (SDS) l4lUsunsu gradient & flow rate 1.0-1.2 Jadansaoind,

14
o =

inj. vol. 20 lulasans naflglumsesnzinimue 20 Wi

fada

1. manadauaNugndasasitiensd ilanydudunuzesnguiledat asmnniilonsy
filadugenlitiaanssuniu (Interference) naniadanieau

2. mashinamnandluamns wa. 2556 ldmziagdaiun esmnmaulszma
nsznsnassagulifinasimvualudath Tasfwieln 24 dadhe any 24 daed waziilah
12 G089 TINNAEY 60 G1aENY MNAMATLDANTINN ULAZLUNYS 10U 11 U

351K
M58nm (extraction)

Fuiladaiunaziden 5 nSu ldlu screw cap centrifuge tube W@ 50 Wadaas LAy 0.3%
metaphosphoric acid: acetonitrile 1:10 (v/v), 15 §8dans Uuale homogenizer 11U 1 W vortex
. o o v o a o ' o o ~ ' ' .
mixer W11 1 W¥i i lUhiaIsesvyuiesil 6,000 sauaawT 4°C W 10 Wil n3asaulald separating
funnel @NeEdnAe NNUUINFIUTFNLANNTINANT 2 A5 NFNA LANUAIE hexane NINAINIE
acetonitrile A998z 25 NAAINT WU 5 W FNAFIANAIY 1UITU acetonitrile NLOHNNMTINANT 2 A

1ANTLNBUNIAIY rotary evaporator
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msﬁflﬁ'u'%qné (clean -up)

aray residue Hlannmsanacdiet 10 Hadans 1lU load wu SPE HLB cartridge
activated 18 methanol 5 §a3305 11 10 1aAaAS 92878 residue 21678 10% methanol 10 FAFANS
2 ﬂ’?\i uahlU load shu SPE HLB cartridge mnﬁy'u elute MadIsavaI8NaN2Y methanol: 0.05M
NaH,PO, (pH 2.5) 7:3 (v/v) 5 §addns 2 A%1 sTMBuIdE rotary evaporator 8zane residue 48
mobile phase 1 183305 masazarefilald micro-spin filter ﬁﬂﬂmﬁmm%m 5,000 FAUADUIT
W 10 i nansazansiinsaslaldluy HPLC vial 8 hlUieneisiiauazUinasoeiss HPLC-FLD

NINAFBUANINGNABILIIFIATIZH (method validation)™”
[l [ . < v o o acta L4
NMINAFIUTNYINII0 (Working range) wuazanuiutdunsy (Linearity) 289353tA312%
msnadauaNuuduasTwaInININA55IU (calibration curve)
@383 external standard calibration curve NSEAUANINLINTU 50, 125, 250, 375 Wae
500 W lunSuAaiadans AATHIZAUAE 3 7 F5NANNIINTTIUITWINANNANTULDITTHINTTIY
(LU x) AU peak area PENETIINTTIU (WU y) ewrmmemanlszansmsanadula (Coefficient of

determination: R*)

NINAday matrix effect
10583 external standard calibration curve tas standard addition calibration curve N5 U

ANUINLGU 50, 125, 250, 375 WAL 500 WLUNSHADNAAANT WAINAFTDUFDANE paired t-test

MIFIAANNATAINIINTIANY (limit of detection: LOD)
nadaulaa@nasinessIiuns 6 aie fszauenuengy 5.0 lulasnsudanlansy aslu matrix
blank 351 10 T UAINTIAFDUM signal/noise

MIWAAMNAYINIIINEIUIIA (limit of quantitation: LOQ)
nadaulaa@uasinassIune 6 ziie Nszauenuduzy 10 lulasnsuaailansy aslu matrix
blank 3AT129 10 7 ANNAUUTNAUTBUAUSNINIATZIY WAIAUIN % recovery Uaz HORRAT

NINAFIUANINUNY (accuracy) waTANNTI B (precision)

maaﬂamﬁmwmmgmﬁ% 6 %iin MszauANNENTY 10, 50, 100 lulasnSudanlanin asly
matrix blank Jtamdszuar 10 @ MwaUSnaiieuiumINAITIL WEIEWIN % recovery Waz
HORRAT

m‘sﬂ‘szﬁ'uqmnmmamsnmﬁau (Assuring the quality of test results)
msnnldsunsumsnagauanudinalesnsiiauiisunanagauszninvasdjuanms
WaINTIAFDUAN Z-score
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msﬂ‘sstﬁuwamsmmaaumwgﬂﬁawaﬁﬁmmLﬂfM%ﬂﬂN%’U‘“’ 21)
VoW a £ o o . . . v . .
maudszansmsendula (Coefficient of determination: R?) > 0.95, @ signal/noise > 3,

@1 % recovery Bgluz 60 120, @ HORRAT (Horwitz ratio) < 2, |Z| <2

We

38 HPLC-FLD #iwanndusansoiansienananngueilulou 6 oiia Tid retention time
(RT) Gesardumniiasliann @il oxolinic acid 3.9 Wi, flumequine 7.1 ¥, danofloxacin 8.3 W17,
enrofloxacin 10.2 Wi, sarafloxacin 12.7 W war difloxacin 13.6 W17 Iag3F3eNW T8N0
fszduamantuiuludogeaniu 10-100 lulasndudailanu fanuiuduassiiuaasdsd R agluzg
0.952-0.991 UWALTNNMSNAFBU matrix effect MIFDAAIY paired t-test wunlufianuuanaiaenaiiie

AYNMNEdANIzAUANNITINY 95% UaAI LAl matrix effect 5UNI

MIND 1 MINAFUFNIaNNMTIO (Working range) anuhudunse (Linearity) waz Matrix effect
25PN LU 1NeNNNgY 10-100 ulasnSuaailansy

Linearity Matrix effect
Quinolone group

R’(n=15) tcal (n=5) R’external standard (n=5) R’standard addition (n=5)

danofloxacin mesylate 0.971 1.36 0.999 0.978
difloxacin hydrochloride 0.965 1.51 0.999 0.985
enrofloxacin 0.952 2.49 0.999 0.984
flumequine 0.991 1.29 0.998 0.997
oxolinic acid 0.957 1.03 0.956 0.992
sarafloxacin 0.967 2.10 0.997 0.993
T EaNSY > 0.95 <t 10 (0.05, 4) = 2.78

a @

Tdfienuuandegelitiadaymeadfnseauanuaniy 95%

NNMINAFDUTANNAVBIMIATIANY Wuhiienwinny 5 lulasnsuaanlansy laglim signal
to noise >3 lunnyiiaen Madnevesmsiadismnadawnu 10 lulasniudeilansy Tasiia
grecovery aglunng 76.8-95.2% woy HORRAT agluzng 0.3-0.9 manasauanuuaiuiasanaiiedissau
AN 50 waz 100 lulasnFudedlandy wuhdenuuduiilssdiudis wrecovery agluzg
65.1-97.8% WazaNaLiieniilszifiudis HORRAT agludn 0.3-0.8 (o 2) waeMIUszNuAMMW
wamsneday lagmsihsnldsunsumanasauanuinglesmswSeuiisunanasaussniniesdfiams
8M3naaay Fluoroquinolone group waz Quinolone group luiadnia ILC 56-06 d0lag UIHN
veasdfudamsnan (Uszmelne) e dadeummey w.d. 2556 wuhramsUssilivadlunamisansu

Toaiamsussiiiu Z-score (z) agluga -0.59 84 0.99 (15199 3)
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MTNN 2 MINAFDUANNUNY (accuracy) WazANULNEY (precision) NszauaNIINIY 10 (LOQ),
50 waz 100 W lunIuaansy ludaeaiiony

Quinolone group Spiked level (ug/kg) % Recovery (n=10) HORRAT

danofloxacin mesylate 10 83.7 0.7
50 73.1 0.4

100 65.9 0.5

difloxacin hydrochloride 10 79.3 0.7
50 77.2 0.4

100 69.7 0.5

enrofloxacin 10 76.8 0.9
50 70.9 0.5

100 65.1 0.6

flumequine 10 88.3 0.3
50 80.9 0.3

100 72.8 0.3

oxolinic acid 10 95.2 0.3
50 97.8 0.6

100 74.8 0.8

sarafloxacin 10 71.5 0.7
50 74.4 0.3

100 66.7 0.6

NI BN 60-120 <2

N 3 MIUSHUTEUNENATIUTEHINYIUJUAMS

Quinolone group Assign value (ug/kg) Analytical results (ug/kg) Z
enrofloxacin 55.23 + 2.54 66.15, 67.24 0.90, 0.99
difloxacin 90.69 + 3.43 95.41, 99.70 0.24, 0.45
flumiquine 134.20 + 3.52 139.46, 134.36 0.18, 0.01
oxolinic acid 141.38 + 2.88 123.43, 135.34 -0.59, -0.20

(aigaNsy |z| < 2

wannniludl w.e. 2556 laiiFiensiithumanasauanugndasudaiiinldlumsnma
Anmsiiatefinmbeluamawan e uasuunyd Snnuneau so dathe laun ald Wany uaz
e U 24, 24 war 12 $9Ee MNEGU WEIATTENUNEITathiall 1 daethe as1awy
oxolinic acid 29.5 lulasniudanlaniu uazilalndn 2 ¢rede as1any Enrofloxacin 16.1 uaw

16.9 lulasnsuaanlaniy dauiimsasranumsandneasenanildaiusosas 5 289ipgNNIMNG
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a 4
AU

tiesnnenguailulavazgneatulalaos ODS reverse phase column ¥hlwWiAauieiia
(peak tailing) #enainiunannmsananwes sylanol MtWdagiui (stationary phase)™” tiailu
msaatamnainaniedanld pH endure C-18 column wuU end capping duia@aaun (mobile phase)
liveneaAdenlyd MeOH %3a CH,CN wannu buffer 619 fiilu ionic w50 acidic 1 acetic acid,
citric acid wsz NaH,PO,  pH 3-4.5"" 2 * yaziin SDS #uiilu ion-pairing reagent LNty
ANNANIILUMIUENES Liaean enrofloxacin, danofloxacin, difloxacin waz sarafloxacin aglugu
cation lunen3aNIg wasaNnTZRLANTUMNANNENTUYEY SDST
Tumsienzvennguailulauiimsld detector naneziia laun UV, fluorescence uaz tandem
< v v c?d P va & a o dyd [ v
mass Wudu ennguiiilussnigaantdlunsEauas fluorescense T iidelsumsanaiadyann
PDIUARLTNNNMINTIVIATILYAe HPLC-FLD @9il 181 0-5 Wil uaz 18-20 Wil 14 Ex 327/Em
367 nm WarNina 5-18 W Ex 295/Em 446 nm muniiaeinld FLD lumsanaiadayanat® = 22
o v ' o ) v AN v . I v Ao
M ldanansausn peak voudazarenasnnniula uas peak Nlad asymmetric factor aglugiiivue
anguaIlulausninsoazanala ludrmnazanadun3gdizy wu methylene chloride, acetonitrile
uaz trichloroacetic acid Faldiduarsanamadialunuidsnaumiri®® lumsnasauiiosnuielyd
methylene chloride, m-phosphoric: acetonitrile, 75:25 (v/v) w8z 1 M hydrochloric acid Tumsana
MBENUANUINNG 3 ENTTNA LN % recovery 6 FJU5unld 0.3% metaphosphoric acid: acetonitrile, 1:10
(v/v) unu Tkadanaaasnu Yorke JC. uaz Froc P. inunmsanaaiatnloglyd CH,CN uaz phosphate
buffer T¥@ % recovery N1nN ethyl acetate VR methylene chloride UAPBIUNNIUABUMS clean-up
LB phosphate buffer e solid phase extraction column UBNNNi pH galNan M IFINANE
44' v a PR v v . . . ISP
asnnennguadlulauniignslasasnlsznaueme piperazinil moiety 2ziid pKa, ~ 6 uaz pKa, ~ 9
Togluameiug enrofloxacin, danofloxacin, difloxacin tta¢ sarafloxacin aza&ilugﬂ anion maxnsmagﬂu
3U cation wazamzlunaneglugl zwitterion Fazmglavasludinazasiion® lunuidsifudenld
miznsaatinlszaniamwlumsane wazagluamwiaaandasnuinamaaud
Q'I 7 L% T = Q‘d‘ L% d' % | d' % k4
Tag U hexane azgnlglumsudalusiuuazaslivdgndniazanala lulusiuiagludatnnanale
menaiia liquid-liquid extraction wadU9NUIEanlFnaiin SPE unu lagidis hexane a9lu isolute
ENV + cartridges nauazzzadlulausan d9lwa swrecovery ann® uaiilasan cartridges #iinainan
T @ o ] a . . . . . I A a J U v RN
Tisigunuamheludsandlneg wazineiia liquid-liquid extraction tUunilanann ADSEIENLRDN
Tnadiailumsnminis Fauesliazimsuiulsisanlyd SPE unu tiaaaUinamsldavhazars iy
SUANHADFUMW UaZlANANNFZAINTINT UM FIaNi IiINnZY
o =\ Q( = 'Q = -4 - | =
mamiusgndlasldinaiia SPE Wuinilssluniidenzdmnenmsluiiodad wu lunmdwnzd
ennguailulay dnmswSauiiisunsld SPE 5ewin sulfonic cation exchange, Bond elute certify,
SDB-RPS Sep-pack cartridges taz MPC-SD disk cartridges wui Bond elute certify dUszansnn
M3anaanga” wazmsIsuiisu Bond Elute (200, 500 mg), Sep Pak (360 mg) waz J.T. Baker
(500 mg) udealWLiAuIIANINYAIAN (retention capability) 2aeadlulaulailazunuu3ana sorbent tiies
peNLEn widtadedusingme Wy JUNeyMa 2nagwgu USinumsuau uas end capping®™ udan
Msnadautiiesey wud HLB Gnd Bond Elute twseiiqauaniié hydrophillic-lipophillic balanced
= a v dg = < o Yy a a a v
JuNuMsaAzasdsin Janusmansailu water-wettable MlvudUsednSmweasidauiin sorbent
WAIsENINNAUABY conditioning W38 loading wazlifiujiseniu silanol
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Tumstssiuammwnamanagay vaslfiamsiiduaaumsdifivnulumsmuauamummniiie
whszTienuldlazasmanasay Teadhsinldsunsumanagauanuiing lesmsuSsuiisunanagay
styhaienlfianms Wadoummneu w.a. 2556 wudh wemssiiveglunariseniuldmandnaia
waaeIsiRUssanEmwisawadvium e nsieanguailulauluieded Wowdsufeusuisues
ﬁaqﬂﬁﬁ'@miﬁ'u 1 wasiMImuanaumMnAeludien3Ie51eh method blank, matrix blank, duplicate
sample uaz spiked sample 1N 10% YeIFIBEN WUNHBIANBE lUNATEENTU

MNUAMITTINATIANY oxolinic acid 29.5 lulasniuaanlaniy enrofloxacin 16.1 Uaz 16.9
Tulasnsusenlanduluilald Fsmudsemansensramsaay atui s03 lildmmvuamnaspumsasany
manaluiladoiggavasen 2 #fiadl udia 3 dethahunurinassurasamnglaluasamsmss
UsseuFuiifvuac MRL 284 oxolinic acid uas enrofloxacin lundilaliagi 100 inlTun3udaniu =
atalsionn masgmsiimsihsrfnandsludedaadndaiiissmnuansenuluszaulanieniuiym
Bampenuitue ilssmnadulngiililumsdnm Yesiulsn wezsaimsdadulaludas Wuennguiden
fuitldluau 1wy snngungealsedlulay viadusiedlilfluauudeglunguendenduildluau wh
enrofloxacin Gatiumniimsldenatiligndasludatasialomaiidaazdosnanniu asanauRamswann
dadaenuuusungy (cross resistance) auanavhlifidamsaasaenitlisnmnlsaluauld® o enrofloxacin
Hueniignaeduldinimnuanlidaiiu smansossaslddluluuzasene wwdaudshusu lipoprotein
294 cell membranes ldhawsrmad Nntudenazgneafuignsuadoauazuninsznaluduiloibo
dusen® Tagludssmalngldlumsmuaulsadadassuumudumela wu TsaniaFasiluls uas
Tsndiaia E. coli liaawumsanasluiladadld demaliifioamsaguldandeu faxmsifetussun
Uszam fenalhdeuaiiolnd uazaasnssumsgidmmaduingdeluannssasesdmsaindalan was
asAmIaIsuaznEasuisanlssnnd Mwuameanulaandeisaxiuldnnmsuilaaamsivuiiay
enrofloxacin 0.002 fadn3udanlanduhming Tuazfiasdmsmmsuazenyasanigawsmlauszme
aaumslden enrofloxacin Tudaiiln iilssnnifuanmauesmsiosuasife campylobacter Tuniyue®
a1 oxolinic acid {ugniilddunuaiGesiiounsuay wa Staphycoceus aureus MnsouwInszely
iiadaualdanTen oxytetracycline finaghaiasluauathannaaszuulszamaiunans  ldaauld
andsu a9319 uastheres Tesansilsgngaduldasudsailussuumaduams gniuaanld
matlaamsuaziun®

asu
9

ad

Siensdiwannduiiaansaldansiensienguailulauld 6 i ldud oxolinic acid,
flumequine, danofloxacin, enrofloxacin, sarafloxacin waz difloxacin Lﬂuﬁgﬁﬁau’i‘iﬂuzmmﬂmﬁﬁ
MILBNFUVYBIMINAFDUANINYNA 928935 IAzMuaiilaaraslfudnisidien danugnaas ulueh
WannUMsIENUMNINQUsEad  1azlinImMUuANAMMNITIATIZE MNTEUUANAINYEY ISO/IEC
17025:2005 Seanananthisiluldlumsanaiiensiiiaduasesiuslaald
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Development and Validation of Analysis
Method for Determination of Quinolone
Drug Residues in Meat

by HPLC-FLD

Jirapa Unahalekhaka and Ladda Kaewklapanyacharoen
Bureau of Quality and Safety of Food, Department of Medical Sciences, Tiwanond Road, Nonthaburi

11000, Thailand.

ABSTRACT Quinolone antibacterials are employed and allowed for treatment of infectious diseases
in food-producing animals. Drug residues in edible tissues are resulted from improperly using.
High levels of residues in food could cause side effects and drug resistances in human. Method for
determination of 6 quinolones such as danofloxacin, difloxacin, enrofloxacin, sarafloxacin, flumiquine and
oxolinic acid by HPLC-FLD technique was developed and validated. These analytes were extracted with
0.3% metaphosphoric acid and acetonitrile at ratio 1:10 v/v, fat was removed by liquid-liquid extraction
technique with hexane saturated with acetonitrile and then cleaned up by solid phase extraction with HLB
C-18 cartridges. Afterwards, qualitative and quantitative analysis of these compounds was conducted by
HPLC-FLD. As a result of method validation, limit of detection (LOD) and limit of quantitation (LOQ)
were 5 and 10 pug/kg respectively. The linearity of working range was 10-100 pg/kg with coefficient of
determination (R*) more than 0.95. The accuracy expressed as mean of %recovery and the precision
as HORRAT at concentration level 10, 50 and 100 pug/kg were 65.1-97.8% and 0.3-0.9 respectively.
The matrix effect was tested by paired t-test and found that there was non-significant difference at level of
confidence 95% (U = 0.05). Participation in proficiency testing program by interlaboratory comparison
showed that |Z| less than 2. The characteristics of this method were fit for intended use in testing
laboratory for requirement of the notification of Ministry of Public Health (Vol.303) B.E.2550.
Moreover, the survey of quinolone drug residues in 60 samples of chicken, pork and beef from 11 markets in
Bangkok and Nonthaburi province was performed. It showed that 1 chicken sample was found oxolinic acid

29.59 ng/kg, and 2 samples were found enrofloxacin 16.1 and 16.9 pg/kg.

Key words: Quinolone, HPLC-FLD, edible animal tissues
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Anusauatu 2 NININY W 2558; 57 (4) : 352-363

AaNIBUAMLANLazNIEAIWABILNFUILN

-7 (-7 = ‘;d’ _— -7 -7}
AUENSO! wadANS  asuEn ﬁgaﬂ‘ﬂma UazANNS UNSaaN

gueInenmansnIsunne 1 (Fenlna, nsuinenmansmsunng aunailien Fenlna 50180

undnga Tngrhuh Shumdbussnnuiwasimsiialaiioniidly s oie fildeinenmans Rheum officinal Baill.,
R.palmatum L. w8z R.tanguticum (Maxim.Ex Regel) Maxim.ex Balf. Tuaed Polygonaceae ¥i3atndiuas
NNUAIBINY 2 w39 3 Bladeauluiy dnasswaaen ng iquﬂﬁ‘l}l’lLﬁ'lflaiiWQimﬂuEﬂizUWﬂ‘dﬁﬂ “SazUa”
uazignathagny uadslifdamuualudmnmnasgiuenayulnslng (Thai Herbal Pharmacopoeia) fariu Tud)
.. 2556 anziveselaciiulasmsdnmnanandamuaiivasmemmwaasngieh Tasdudatsnmssuss
Uszenmuduuazumeenasulnsludssmalneg Srunu 19 dratn wuh TﬂgﬂgwLﬁwﬁmﬁ'ﬂszﬂaumqmﬁvﬂumsmju
anthraquinones U8z tannins tiiaas198aulagl#)d thin-layer chromatography wushsednaeatias s xiia
@9 chrysophanol, emodin &8z rhein KANMIANHIAMNINYBITIDENAING WU USinaiansanadenh ans
afadeemuaa anNgy 1w whiiliazaelunse war hydroxyanthracene derivatives duaufiy rhein
Aollusonar 31.71 + 4.06, 21.85 + 7.50, 8.18 & 1.13, 11.85 + 4.35, 0.76 + 0.38 AL 1.66 + 1.07 MUAIAU
ihwadldndardamuuaaumwmaeiizaslngiidladil Usinumsatadimh Usinamsadadsemuaa
uazUsunae hydroxyanthracene derivatives mulauilu rhein livaaniisesay 27, 14 uae 0.6 Taghuniin
ey Usinaemaiu Usinandhany wasSanauditliazaelunse Lihudesss 10, 16 Laz 1 Taenhwiin euaeu
wamsﬁnmﬁaztﬂuﬂsﬂﬂﬁﬂumsmuquqmmw LLE*:‘I??L?JWTEJQaLﬁyaqﬁuiumﬁmﬁﬁafi’muﬂmmgmwm‘[ﬂ@fwL@i"w
Tushmnasgruenayulwslnasaly
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Tnguendumiussnnuvseasigaiialoriionialy s #iia #izeinamaasin Rheum
officinal Baill., R.palmatum L. waz R.tanguticum (Maxim. Ex Regel) Maxim.ex Balf. Tuned
Polygonaceae 58 tniuaznnuiswaivy 2 wia 3 yilednauluiu Wuiwawgnagwanslge 1.5- 2 as
v 3 vV v g 3 vV <~ 1 =) = ‘:’ = =l T vV
0 1 wazaeu sy saunae wasndusssmuen faudu Tuduludn Geadou lugudauinnan
wiagUld vaundniuuanuuuinge deeenuuuteusnuau aenfidantdineumast wisduasaniiog vie
duesaau™ ® (mwi 1) wiseenlnguindzeaz@uil Radix et Rhizoma Rhei #03unaiNil @1nis
(Dahuang A1) #@3uuaari @799 wazdasalyd Rhubarb® ¥ fanwazilunauguiansenszusn
sUne Ul wialluguinfisusnliwiven e 3-10 wudwes Busnfinmaunnmnies wiadoma
o o a < v (1’ 3, 4)
UANUAY (MWN 2) Anduawz saay /hadnilas

R. officinale Baill. R. palmatum L.i
B GOV Tose) MaximexBelr
TR TR T !

d' 4 I %’ vV 3 a (6—8)
ANN 1 AUDTUILDITN 3 BUO

b Xl

awi 2 Tnguniduasasen

asddsznaumaiafivaslngidfansddanay anthraquinones Fufluaywusvasans
hydroxyanthracene uvailu 3 ﬂq'miaa R ﬂEiNEl'ail free anthraquinones (%1 chrysophanol, emodin,
rhein, alo-emodin, physcion ﬂﬁimi 98 anthraquinone glycosides (%u rheinoside A-D, chrysophanein,
glucoemodin, palmatin uazngueide bianthrones (5 sennoside A-F, rheidin A-C wananiuly

Tnguehéaiiansngu tannins eag® * >
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Chemical and Physcial Specifications of Kot Namtao Kanyarat Chonlasit et al.

HO =] CH e i e
Chrysophanol Physcion
o o]
HO ©O OH ) HO @ OH
Aloe emodin AL
CH,OH COOH
i 0
HO [+] O
Emaodin
Me OH
o]

[

Mui 3 Meegngaslassasnasaafinuinnluayulnslngue

o

nndayamsdnnisewiadiinnud msddalulngined Tasams sennosides A-F uas
rheinosides A-D aangnanszdumstiudzadn v thasamatumnanns ussiumstuusasoaman
thudaiionaldlug v lviusnanhlualdlnanniu Saaesgniiiuede 1 Taafigndthasny
Sndesuiionnanngniues tannins® Fssnandasfudmnasanamnnehlngiehissswanduanasg
aonns M lviganszdaaniziduszain Wugmszuneniio “illajta”™

Tudsanelng Tngshihgaldlusnunndunnanaaiuseiu Tasgniaadlu “Aalnghieu”
Fasenauluselng s ¥ii ﬁhuﬁ'ﬂﬂgnznﬁyqLLasIngﬁ'ﬂﬂiw(3’ YUsemAnsEnT NI 39 enansiayUsanhu
weulusia w.a. 2556 dmahlngindanldifudmesslunguenendamssng wazniudendely
BnvaIEmsU Wy eneIvien enviandunans enssdidumzane Wudu®® wadslulidamvuemnasgiuees
‘[ngﬁwLﬁ'ﬂuei’”mmm@numayﬂwﬂm (Thai Herbal Pharmacopoeia) ﬂm:@ﬁﬁ'ﬂfﬁqlﬁ'ﬁnﬁumsﬁﬂm
aaantiimuaiivazmemwaaslngineh meldlasaimsidsmsianndnammwaasayulnsiiinsldlu
asduiauslezilumsmuauqaunu uaslfdudayaiupulumsiaiammwuainasguzaslnguneh
lushsnasguenayulnsing

madadalg

Tnginilglumsdnmdiuiy 19 dredn unnunassssumuazuvaslgnlunasuuma
vansInsgUssnIuiY wazannuneemayulnslumanaweslsanalne ludrdaungadnay
W.A. 2555 DfaUligIEY W.A. 2556 HIUMIATIVRGAUENANBIMUATIINUITBUTBUN UMD
(authentic) MtUulngid Fasauaguiisnizeinemans 3 ¥lia e Rheum officinal Baill.
%39 R. palmatum L. %38 R. tanguticum (Maxim. Ex Regel) Maxim.ex Balf. @i lawnaud

al 1 a = < & v a ' ' '

g liiu 50 asrnuades Wune 2 1l valazden wazsaurIuLIwING 80 Mesh

= -~ P
Lmawauazqﬂﬂsm

v

8 AND 51 HM-200
- wsassslwihnadion 5 diunia Bva Mettler Toledo 3u XP205
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4 Y @ a £
ﬂ'aﬂmummqmﬁuasmﬂmmaﬂngunﬁw AueNSaY TaaNd uarane

- gousou @vio Shellab ju 1350 FX

- mumqquﬁgﬁ 'E’;‘ﬁa Thermolyne i;u 6000

- wnluih five LMS §u HTS-1003

- wnyunu five Isopad TM ju LG 2/ER

- dwq%mqummﬁéﬁa Memmert 54 W760

- \A3pizeh Ava IKA®-WERKE §u HS 501 digital

- Lﬂémszmﬂqmtywmﬂ fi’%o Buchi ﬂizﬂauﬁméwﬁwmw}uqmwgﬁ U B - 490, 1A Rotavapor
51 R-205, 1A304 Aspirator §u V-500 LLazLﬂéaqﬁwfuﬁum{uﬁﬂu 91 B-740

- w3asymhiliunyuden i¥a Thermo NESLAB §u RTE 170

- A3pavEAagEaludid ivio CAMAG Ju Automatic TLC sampler I11

- iA3aevyuLABILUUANMNE IS Bia Hettich §u Universal 32

- Lﬂ%:aﬁmmi@ﬂﬂﬁuum (UV-VIS Spectrophotometer) fifia Agilent U 8453

- guae UV fi¥a Chromato-VUE 31 C-70G

- LLNua:QﬁLﬁﬂmﬂﬁau%‘émma (Silica Gel 60 F._,) 2116 20 x 20 LBUANAT ANINAL 0.25

254

UOANAT YDIUSHN Merck

d190MIFIUUAZEIILAN
- Rhein ANNU3EM5T08a: 92.7 289U3EN Chroma Dex (lFdhwiumsiignitendnuaimaiadl
@5 thin-layer chromatography)
- Rhein auuSgniTasar 97.4 #eeudtin Aldrich (lddwmfumsasaaauanuldldues
Fonedau)
- Emodin anuuignidosas 96.1 209u3tn SIGMA
- Chrysophanol mmu’%qw%aaas 99.5 289U5HN Fluka
ssaiiay  ldiiadmsumsiene {lu analytical grade 1@ ethanol, methanol, potassium
hydroxide, hydrogen peroxide, glacial acetic acid, hydrochloric acid, diethyl ether, petroleum ether,
anhydrous formic acid, anhydrous sodium sulfate, ferric chloride, magnesium acetate, benzene,

sodium hydrogen carbonate

A8MInadau
a 4 [ 4 =~ v aaa a _=4(14)

1. msiigaiananwaimaaiinresdjisensiiad

(1) Modified Borntrager Test: 7961884 0.2 153 U333 lwAAUAIRUNAN LHN 0.5 Npotassium
hydroxide 15 N9da05 wae 3% hydrogen peroxide 1 #aaans i luanvuriaslasniunm 10 i
o v o o v g v . . . v a o ' P
Mmlddu nses Mmhillunsame glacial acetic acid (nadaumenIMEants) enaasazaaiiunse
avlunsiauen dnnale benzene Uszann 10 U9dans 0183U benzene adlunananaast 5 Naaans Lo
ammonia TS 5 §88305 LU ) FUNANSNANTY

(2) Iron (III) Chloride Test: %6089 5 NTN UFFYLUMIAUAINUNGN AN 30 HABANT
ANUUENINSBY reflux Mgaungil 95 avAwalded WIw 10 WIH nsae hasasaneinsadld 2 Jaddns

Talunaaanaass WnasazaIe 1% Ferric chloride 2-3 Mign §NAKANAATY
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Chemical and Physcial Specifications of Kot Namtao Kanyarat Chonlasit et al.

2. MINigattananuainuaiiniedd thin-layer chromatography (TLC)"*
(1) msielenanmzpesszuy TLC #ldlumsuanans
W&d petroleum ether: ethyl acetate: anhydrous formic acid Tusasdiu 75:25:1 Tdluds TLC
' v v v 2w <& ' ¥ v v A v v ¥
wen iy faliuszana 1 3l nauldialvussenmealusaduadmieineuen
(2) MIW38N spraying reagent: 10% potassium hydroxide 8zang potassium hydroxide
10 n5% 11 methanol 100 {88305
(3) MINTENEITATNBNINTFIU UaNazaI8EIININTFIU chrysophanol, emodin waz rhein
#iinaz 5 Naan5y Tu diethyl ether 5 §adans
(4) MIBUFITTAAIDLN
WEIDEN 0.100 NFN VITYLUIAUMIAUNEN AN 30 88N Uaz hydrochloric acid 1 #addns
reflux W 15 wH MLlAEULENNINENAAIY diethyl ether 25 §adans 112uUva diethyl ether
WIN3BINIY anhydrous sodium sulfate wazszinaliideAIasssaguaNMe azmgasanailaan
M35eeae diethyl ether 0.5 §83a03
AR RE] a v Y chrysophano
5) MINAFDU UennEaaIarmanInge 10 lulasdns wazasaza1sunnsgIu chrysophanol
10 lulA58a5 emodin 5 laulasaas wae rhein 30 lulasans Widluuauning 0.7 wuAWeOs vuwkiy TLC
Tunnszaudenny Tdihsnnzauanyseana 2 wudiwes wazlviscazseninaenuasdsacmaunazaiio
Tdveenh 1 wudwas webiude 1hluldluss TLC Nwsenld awhendaudsdiaiimvue 1husy TLC
RS v v o ' v o o P
paniniellauwie uanhluasasaulasmsdesnelauadansrhlaeananuenady 254 uag 366

] v . .
WNAT WaLMINUGIY 10% potassium hydroxide

3. MsAnwAMENIANMILANLAZNIEAIN
MsmMUSINEsanamen (water soluble extractive) d58naaI8t@MUada (ethanol soluble
extractive) @NZU (moisture) 101538 (total ash) waztod ldazaalunse (acid-insoluble ash)

mmnadsnmuualiludmnmnaspueayulnslng "

4. mawdIanaasaagy

M3v1Usn hydroxyanthracene derivatives Manadsnmvualu monograph 289 British
Phamacopoeia™® Twidamsmusane hydroxyanthracene derivatives ey rhein Farums
a529daun NN 1T la2935Naaay (method verification) luidamnuiiies (precision) ANy
W§uase (linearity)"" *”

IBmMsnedau FahuinNuiueaUeeRI881N 100 Fadnsu ldasluznauiinunanzune 100 Nadans
@i 30.0 Hedans wanlinauuahluzaimin nuuanalegds reflux vussslainwu 15 i
& v & e A v Y a . ° A a o & ¥ o 4 &
GNVNl’ﬂ‘ViLEIuﬂqu‘WQNWN 0N sodium hydrogen carbonate IUIU 50 NAININ WIIVWUNDNA
YSuihmiin i duihwinilannmsgeasiusnlasmsiin Juwendiuaroe3sanyumlssnnus?
4,000 59UMRINY Wune 20 Wi hasazaelaruuumiianznauiny 10.0 1edans ldaslumaum
AUNBNYUIN 100 NBdAAT LHN 10.5% ferric chloride MU 20 Hadans wanlwizn Ny reflux Tusedalain
Id P v o 1 a . . o a aa v v o °
Wunm 20 il laasazaeiianwazzu @y hydrochloric acid 91U 1 §adans el iuuanhly

U [ ¥ = =1 v < & qy Vs =R a v
reflux Tugwsslaihaadn 20 il Teawehnadusze: 9 auaznauszmsnne aeinlilwdudsgampiivias
i saranaluiauMninueseadlunsIeuenzue 100 JadanT WAENAME ether MNUIU 25 Nadans
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4 Y @ a £
ﬁaﬂ’]‘lﬁu@]ﬂ']ﬁtﬂflLLasﬂ']EIﬂ’]W‘ZlENIﬂiu’]LGT’] AueNSaY TaaNd uarane

3 A% §eheih 15 185805 2 39 N589%U ether muaaldaslumaliulsinesiiu 100 faddns aae
ether 1181592878 ether AINTNTIIY 10.0 FAFHAT INTEMBURIUUBINNBY azanBduRwdaan
M99¢tM8AI8 10.0 NaAANS 289 0.5% magnesium acetate LW methanol WAIINAINITAANGULEN
saamhlaafienuemaay 515 lwwas loald methanol Wumsazma/3audiau (blank)
13RI
a¥asazueiUSanas hydroxyanthracene derivatives @eanunanily rhein Mnthwiingathei
UsennaaEy mwalaanngns

A x 0.64/m
Wa A = ensgenduuasaan blawefinnuenadu 515 nluwes
m = imdnseayulwsiunennanudu wibadunsu

G

nnmafigaiiandnvalimaefidislfAsenmaiaduadiogind $uu 19 dadi wuh 90
fhathalwauanfiu Modified Borntrager Test waz Ferric chloride Test (5797 1) 1 agaiienanyal
MaLAIMENS thin-layer chromatography wumh ‘[ﬂgﬁuﬁmﬂé’aaﬂwﬁtmwﬁn 3 UOU PilauaIILWL 59U
19010950 3 %@ Aa chrysophanol, emodin waz rhein @ hR, 34-38, 43-49 Az 80-86 MINAINU
uazeaiaedsznaumataiiau q SnUszana 5 - 7 B0 (MWD 4 WazaIT 2)

M3 1 wamsigatianansaimueiisnaljisemsiiad

Fonedau WNaNIINaFU

Modified Borntrager Test (+) loguasluzgurams
(a91988Ua3Uset0AN Antraquinones)
Iron (III) Chloride Test (+) loansazanadiden

(a913daua3UssLaN Phenolic compounds & Tannins)

1 = #306337U Chrysophanol

2 = @933 Emodin

3 = @5105371 Rhein

4-5 = ML NINgUILM

I = asndaumslduaisannhlonn ienuen
aau 254 i luns

I = anasaumsldussannlawe tenuem
AAY 366 uﬂutym

III = @5998BUABUIBIWY 10% potassium
hydroxide 11 methanol

i 4 Tasuninunsuzfiofiiuasslngiiem
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Chemical and Physcial Specifications of Kot Namtao

Kanyarat Chonlasit et al.

M1399 2 Hansgattananwaimaaiicneislasininnnidiung

, MINTIATDU
WaUaIT A hR, —
UV254 nm UV366 nm. Wuee 10 KOH
1 6-9 Ry AN ((5a9uE) ﬁywma
2 9-14 g R GRNIES) -
3 30-34 CipY - -
4 30-34 e e (159uEN) LA
5% 34-38 R N ERNRGRNG)) (WA
6 39-40 W (1S9UEN) -
T 43-49 R N ERNRGRNG)) (WA
8 65-68 - TR GRNES) -
9 74-179 AN WHDY (L589LLEN) (WA
10%%* 80-86 Ry AaB9 (B3DIUEN) AN
*rhein  **emodin ***chrysophanol

ﬁnﬂmsmaaaauqmauﬁ' AMULATULaZMEMN INIMINUIINNY hydroxyanthracene derivatives

Moty rhein 2aslngie I 19 e lenamsnagau (05199 3)

m3Nd 3 wamsdnmamanianaaiivazmanwaadlnginen

Ysnaans  Usnwuas Usnnw U USunauen U
RN afadeh ANneIE ANy L3N #laiazans hydroxyanthracene
(% w/w) LBMUDD (% w/w) (% w/w) Tunsa derivatives
(% w/w) (% w/w) iy rhein
(% w/w)

PMA o1 32.88 11.57 9.03 5.33 0.43 2.84
PMA o2 35.47 19.00 8.73 7.15 0.35 2.90
PMA 03 32.02 22.96 8.23 10.63 0.31 4.50
PMA 04 34.10 11.84 8.81 8.69 1.20 1.94
PMA o5 29.48 7.59 10.06 7.85 0.28 2.19
PMA o6 34.06 22.60 8.05 12.81 0.83 0.88
PMA o7 31.50 11.62 9.60 7.32 0.64 2.51
PMA o8 29.76 20.38 9.35 9.46 1.71 2.52
PMA 09 28.90 20.57 9.76 6.34 0.95 2.52
PMA 10 35.84 23.60 9.26 13.04 0.60 0.69
PMA 11 31.25 19.10 7.06 15.35 1.23 0.76
PMA 12 32.38 17.92 7.59 13.84 0.76 0.66
PMA 13 36.31 29.94 7.29 12.84 0.86 0.84
PMA 14 35.40 27.26 6.97 12.52 0.67 0.87
PMA 15 39.51 25.35 6.93 11.78 0.68 1.01
PMA 16 24.79 33.77 6.13 21.71 0.57 1.09
PMA 17 27.35 31.90 7.70 11.74 0.49 0.99
PMA 18 24.99 30.27 7.32 16.97 0.59 0.99
PMA 19 26.47 27.96 7.46 19.20 1.37 0.78
X + SD 31.71 + 4.06  21.85 + 7.50 8.18 + 1.13 11.85 + 4.35 0.76 + 0.38 1.66 + 1.07
Min-Max 24.79-39.51  7.59-33.77 6.13-10.06  5.33-21.71 0.28-1.71 0.66-4.50
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4 Y @ a £
ﬂ'aﬂmummqmﬁt,l,asmﬂmmaﬂngunﬁw AueNSaY TaaNd uarane

a 4
AU

dagheildlumsinmnanny 19 et sumsasafigadiandnsaimandainm HifluTngieh
ao uwhuasnnuisssiingiialesiionisly s #iie fiseInemansin Rheum officinal Baill.,
R.palmatum L. uaz R.tanguticum (Maxim. Ex Regel) Maxim.ex Balf. luwd Polygonaceae %30
WMRILBETINUNYBINY 2 W38 3 Blladauluiu

nnmsngatenanseimaaiiony Modified Borntrager Test waz Ferric chloride Test lona
winlunndaghaudash Ingihueh fichutsznaufiuasngy anthraquinones uas tannins ianadoudeis
thin-layer chromatography Wu#15 rhein, emodin 8¢ chrysophanol ag'iu‘[ngifné'mﬂﬁmﬁw
LwiamﬁmmLmﬂehwamauﬁﬁ'u 9 lolu TLC Chromatogram

NnwamIaTRnaENtamuaiitasmamwaasngithamansadadaivuamuad iiaeuay
aummzaslngihlasdaUsinaenasu Usinadnw ussUFnaud i liosaslunse asgnivuainas
gqqﬂlmﬁu@hLaﬁlﬂmn@iuﬁmmummgm dwhdatinamsadadieh Usinamsadadisamues
wazU3anas hydroxyanthracene derivatives finauilu rhein azgnmmuanasionga lutasnhemasay
ﬁhl,ﬁ'mmummgm (Gl’]'i’N‘Vd]' 4)

N9 4 FaMVUAMLATLazMENMNYBLNgUNLeN

Wide Aade = e NN \noTienge
(%W /W) NAIFIU Taithu Tsirdaenm
(X + SD, n= 19) X + SD X - SD

USinaiensanaaaetn 31.71 + 4.06 - 27
USInassanaaeemuas 21.85 + 7.50 - 14
USanaienaiy 8.18 + 1.13 10 -
USunaus 5w 11.85 + 4.35 16 -
Ussnaudritlaiazanalunse 0.76 + 0.38 1 -
U312 hydroxyanthracene derivatives 1.66 + 1.07 - 0.6

iy rhein

szihUinamnsssaceh dainasimmualidesnhieeas 27 Tashwinduladidesiumi
mvue L lundrisuasisasguszanauidu® fds Speaz 25 Tozhuiin shudSinmamsaiaaieiamuas
lLifasnhiasaz 14 Tashwiin deuduandrnninasivesndadiudiu® uazasdmasunialan®
fimuual3lidesnihiesas so Tashmin mileaiswnnnanududurasemuesiilduandeiy fa
i sudiluuazasdmaainiiaTanldiamuaaiians (Yszanm 50%) dumiseasillfiamues 959

dmsulsmaenuduiinasimwualitiuiesas 10 Taeshmin dufaenheimmualilundy
mMsuasugUszmzuau® tﬁﬂu(z” Sangu"® uazesrmsawsialan® #ispaaz 15, 13, 12 uaz 12 lag
dhutnaaEau mmﬂuLWiwséTaaziwingﬁuﬁ'ﬂmm’i%’ﬂﬂ%ﬁ duluglamnnnassisasglszannuiu
Frazgnilihssmeaannsdnluiusaumsufiandsmaiuimlosmanasguvdsmsiluialviniasan
dreliiiloaulwsiin wWasud wasuisaingeiu®
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Chemical and Physcial Specifications of Kot Namtao Kanyarat Chonlasit et al.

Usmnadmndinarisuualididudsear 16 Tashwin Fannnheimuualilundaiu
ssnsnsguszmsuan® tijﬂu@”é”qnqu“” wazesdmsowsielan® e Saas 10, 13, 12 uaz 12 Taghwin
muadu anadululdidssansduldnnmamnzgniiimsldianilumsthpsom wazanarlife
madavuduluiladafinldinnnhundsssamnd Sefiwailisnadnugiuld Nibaduldnnus
madeiwsasmUnandnuiimgigadia $osas 21.71 aehgada Sasas 5.33 anadlunamaNuWENTia
YONGIDENUANGNAUNIN

dmsulsmandriiliazmelunse finasimwualiiusesas 1 Taswidn dlndidesdudii
mualilundzmsuanssasgussnmnEu® fe Soeas 0.8 Taethwinudlundamsusangu®® uazesdms
aunsfalon® ldmwualigenhida $asas 2 Tashwiin

mamusmamsaaylulngindrdamivnuideasailldisees BP deimualdmusinm
hydroxyanthracene derivatives ﬁﬁa&i%m%ﬁ@ ualwauiaudy rhein Taaldmudsiiies 2 @ Ao
Armsganduuduaziuinueayulnsiiunannanudu winsildashauidnndueoy iasain
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Chemical and Physical Specifications of

Kot Namtao

Kanyarat Chonlasit Sarinya Julsrigival and Suppakorn Janjom
Regional Medical Sciences Center 1 Chiang Mai, Department of Medical sciences, Ministry of Public
Health, Chiang Mai 50180, Thailand.

ABSTRACT Kot Namtao or Rhubarb is the dried rhizome and root of the genus Rheum comprising
3 species i.e. Rheum officinal Baill., R.palmatum L. and R.tanguticum (Maxim. ex Regel) Maxim.ex Balf.,
family Polygonaceae. Kot Namtao have been used as laxative with astringent effect in Thai traditional
medicine but standard specification in Thai Herbal Pharmacopoeia is not yet designated. Thus, in 2013,
the physico-chemical properties of 19 samples of Kot Namtao collected from China as well as herbal drug
stores in Thailand, were vestigated. Results indicated that anthraquinones (contain at least 3 active
substances: chrysophanol, emodin, rhein) and tannins were found in all samples. The physico-chemical
properties in terms of contents of water-soluble extractives, ethanol-soluble extractives, moisture, total
ash, acid-insoluble ash, and hydroxyanthracene derivatives as calculated in rhein, were 31.71 + 4.06,
21.85 4+ 7.50,8.18 £ 1.13, 11.85 + 4.35, 0.76 + 0.38 and 1.66 + 1.07% w/w, respectively. The expected values
of water-soluble extractives, ethanol-soluble extractives and hydroxyanthracene derivatives calculated in
rhein should not less than 27, 14 and 0.6% w/w, respectively, while the limits for moisture, total ash and
acid-insoluble ash were should not be more than 10, 16 and 1% w/w, respectively. The results obtained
from the studies will be the base-line information for the quality control of Kot Namtao which lead to

further establishment of the standard specifications of Kot Namtao in Thai Herbal Pharmacopoeia.

Key words : Kot Namtao, physico-chemical properties, specification
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- ninhydrin TS; % ninhydrin 0.15 n5% azanaly 50 188805 n-butanol wazlin 1.5 Naddns
acetic acid

- acetic acid (33% of Glacial acetic acid); 1392 33 #8320 5 glacial acetic acid G%"JEI“LE"]LLE!S
USulsanesiilu 100 fiadans areih

- hydrochloric acid, dilute (10% w/v); @3N 226 A8dans hydrochloric acid m”amfw
Usudsanesilu 1,000 1addns e

- 20% sodium hydroxide; %4 sodium hydroxide 10 5% azaneuazUsuUsinaslu 50 Nadans

% H
M8
- 95% ethanol; WX abs.ethanol 950 88803 NUWN 50 NAFaNT
- 70% ethanol; W& abs.ethanol 350 §88a05 NUL 150 NadaNT
ac
50113

1. M3AnananEainIAil (Chemical characteristics)
1.1 M3aadautiiasdy (Preliminary test)"™'®

#Fashaghaanulws 5 n3u Lin chloroform U3aas 20 Haddns duuuswhiaudeis
reflux ﬁqmwgﬁ 95 eFLEaLFEd WU 30 T nsasansazansfinsaald (filtrate) Wusmsatalunaalswadn
(chloroform extract) §2UNNUNINGAARBAIY 95% ethanol USNIAS 30 HadaAs ANUUBINTaY
85 reflux figamnil 95 aseiaded wu 30 Wi nsssmsarmsiinsasldiiumsatalukeanasad
(ethanol extract) drumnihanatadadenh Usinas 30 faddns duuusnhiaudeds reflux figumnd
95 paFNalded 1Y 10 W7 nsssansaranainsaslaifluasaiaun (water extract) wisansadaiila
Tdvananaaaiviasnas 2 iaaans LpMsNaFaU (m'ﬁwﬁ 2)

M5191 2 ENSNAFaUaIasanavenuluamazas 3 ¥iia

HUATITING NUINMINOFEU
sanalunaalsasy steroids & terpenoids
fsaneluuaanadad steroids & terpenoids, flavonoids, amino acids
miﬂﬁ'mfﬁ flavonoids, amino acids, saponins

NMINAdau

1.1 Eﬁiﬂ’cju steroids & terpenoids (Liebermann Burchard test) ihasane Usanes 2 Hadans
lalunasanaaas ssm'&muuﬁwudwﬁﬁ'auqm‘wqﬁ 95 BaFNLYALIEE LN acetic anhydride U3aos
2 1adan5 (1wae acetic acid USuas 0.5 188a9n3) wenlinny 1Beasn@ae 9 W cone. sulfuric acid
a7 ) aen USHN0s 1 1adans

1.2 3ngy flavonoids (Shinoda test) Wharsana Usuas 2 §adans ldluvasanaass i
ethanol U511013 1-2 488803 LGN conc. hydrochloric acid U33103 1-2 4ada® 3 L8z magnesium ribbon
U0 N9 0.5 LBEUBNAT 817 1 LEUBNAT U 2 F1

1.3 81350§¥ amino acids #asane Usnes 2 adans ldluvasanaaas wuasazaie
ninhydrin TS 13103 0.5 fiadans uawliidriu guuusnhiou
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1.4 130g¥ saponins (Froth test) #asana Usuas 2 Haddas ldlunasanaasstah
wehaghause aeneld 1107 Fanemsiianas
1.5 aﬁﬂa;u coumarins (Convert into fluorescencing alkali salt of o-hydroxycinnamic
acid) %I’Qé’f'sashqaagulwa 2 n3u ldluvenaneans ﬁﬂﬁﬁuﬁ’mﬁmé"u ﬁ’lﬂiZﬂ’mﬂ‘im‘ﬁ"qU 20% sodium
hydroxide wazidasisliauuiaudy indlathnuasa wivasalusindaugmmail 95 asraided
WU 5-10 W hnszaunsesliudasmalauas UV 365 nluwns d9ainamsisaias
1.2 M3asrdauLiafiuduus (Confirmatory test) a1835 TLC tian TLC fingerprints
- @1992a1831035)U P-sitosterol ANNYNTY 1.25 NaanNIN/HadanT
Fansnasgu B-sitosterol 12.5 §aansn azmsuazUsuU3NnsaIe chloroform luwia
10USNO2UI0 10 Hadans
- d1vazargmadg
FroeeuAuLaY 2.5 N3N 1N chloroform 50 H9AANT ANUUBINNIBUIEE Reflux
‘ﬁqm‘ngﬁ 95 peFaLEed WU 15 T sziaammazag liuislegls rotary evaporator uaazaaasana
ﬁlﬂu[u chloroform 2.5 §88803
- Developing solvent
d1982a18nEN n-hexane: dichloromethane: methanol 9091d1 35:60:5
- MIAGIBNEIIZAEAIBEN wazaIsazaIaNInIgIUaIUN TLC plate
wen streak @158TAEAIDEN UATEITAZAIBNINTFIU P-sitosterol ANNANTY 1.25
Haansu/fiadans siieas 10 lulasans asun TLC plate 2310 20 x 20 WWUANAT MW LALOUEND 1 LHURNAT
g 1 Jadwes lagld capillary tube 2110 1 lulasdes wwiv TLC Tdlu tank # developing solvent
audud iathenadauildssesmg 17 wuiums 1109013 thusiu TLC panan tank Asliwislugaaniu
ihluasiasau
- NM3INIFDU
asradaumelauss UV 254 waz UV 365 wiluaas anvuiawualssisazais
anisaldehyde-sulfuric acid lamn3auil 105 ssenwaldes W 15 i thnduandasmelduss UV 365
wluassnasa

2. MIANITAMBUANILANNIBAIN

2.1 nsnadaumUSanaanady : mewisimvualiludnmnespumayulnglng®
Toeldehathesninu 5 n¥u (nushusinuiuew)

2.2 ManadaunSanaasanamenh : nenaAsimuuellumninaspumnagulnslne®
Togldmadesanuiu 5 n5u (mmﬁmﬁ'ﬂuﬁuau)

2.3 MInadaurIUsuIaudIsannnlIgtanIuaa : vi’mm'i%’ﬁﬁmumlﬂwiﬁwmmgw
enayuluslng® Toalddrateauiu s n3u (N uhwinwiuew)

2.4 managaumuSanandinnuazussnandribiszarglunse : vhaudafimmual3lusn
wnaspuenayulnslng® Tagldaadauiu 2 nsu (nnhwinwiuey)

Faazmnen Laﬁlmaﬂmﬁm (Arithmetic mean; X) Las @ L‘ﬁ'mmummgm (Standard deviation; SD)

2DTBYANNI 12 Mg luudazmMInaday
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We

1. M3ANEILANaN¥aiNIaLA (Chemical characteristics)
1.1 INMIATFULLUBIAY (Preliminary test) Wua1stall 5 NG Ad steroids tas terpenoids,

flavonoids, amino acids, saponins W82 coumarins (MW7 3)

MmN 3 wamsnadautanansallissdupaayulnsuniuuag

QGHERR 46

steroids & terpenoids Aoumuinnas uinasesdaszvieasazans uasasaznezuuiiy
#den Tusnsananaslanasy uaaewuasngs steroids

flavonoids sarmenldsuiluduas-suylumsadanaalsasy uaarhwumsngs
flavonoids

amino acids asazanaiidinluasanaemuss uaaswussngs amino acids

saponins wuasgen 1 wudues iy 30 ni lumsafod usashnumsnga
saponins

coumarins WUSIEuaddeanth uuNTEMBNTBY LFNTINUAIINGN coumarins

1.2 MAMsaadauiaiuiiuma (Confirmatory test) #1835 TLC il TLC fingerprints

Toaulmhansananaslswasavaiuduuasuazasiioudia Msazarennsgu B-sitosterol
ANNLANAY 1.25 Haan3u/Haaans USas 10 lulasaas streak asuu TLC plate #iia silica gel 60 F254
1% developing solvent @8 n-hexane: dichloromethane: methanol 8@516 U 35:60:5 AsadaUM AL
UV 254 inluans wudnsae chromatogram eamwdi 8 (1) waztiimiluasagaumelaus UV 365
wTuuas wudnwae chromatogram 6anmwii 8 (1) Nnthindanudeansazas anisaldehyde-
sulfuric acid Tianu3auit 105 avFwai@od 1y 15 Wi WUSHBARYBY chromatogram Gamwi 8 (111)
waziilathnauluasmasaumeldus UV 365 inTumasanass wudnuae chromatogram ¢9mwi 8 (IV)
wuhpisudusnnudssuvasiiasdlsznauisetiiuandeiu udasdlsznauiinndaghamiioudy
@9 spot 2avEnsTHULEIRIA hRE agluzg 78-80 FaMWi 8 (1) UB spot WDIFITIESPIUANAUAN UAZES
3pauasdsh Aden hRE agluzae 18-20 waz 78-80 MNAIGU Gamwil 8 (I1) spot 2aeansAhMa Faha
1hma Fih@uiden sy wardin@uum fiflen hRE agluzn 2-4, 18-20, 43-48, 62-66 Uay 90-92
auadu Gamwdl 8 (I11) uas spot wasansdum Fuuwhona dxuwy Fhmaum S wasdhma il
1 hRf agluzag 2-4, 18-20, 43-48, 62-66, 71-77 WAL 90-92 Famui s (IV) a9 spot 2898 5713i@ hRf
aeflurne 62-66 fifaas B-sitosterol (ipsanfianunuzd uaz hRf 789 spot asf UM LBy B-sitosterol
(mw‘i‘i 8 (III)-8 (IV)) uaz (m‘m'ﬁ 4)
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hRf 100

60

20
B ENEREIEERE
P EFPEE:EEG E:zf
= [ - S - S
hRf 100
80
60
40
20
(IV) 0

PiH O3
PLIH O 4
PMH O &
i sHasterel
PHH O &
PRIH O 7
PEIH 0 &
PEIH O 8
PMH O 10
PRH O 11

- i
o o
- I
= -
o o

7 8 TLC chromatogram 289d158n0Aa8lsWasu2DILAUL
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g Ualiaeye uazAne

95197 4 @ hRf 28989dUsznaua1e 990 TLC chromatogram 2NESINAAaD LSBT NYBILAULIY

logld developing solvent #d n-hexane: dichloromethane: methanol (35:60:5)

, MINTITDU
30 @ hRf A B C D
1 0-1 - CRNIGAL A7 g LX) Shona fhona
2 2-4 - ERNIGAG[T fhahaa du1
3 8-10 - (IDIUENTFUA - -
4 18-20 - ERMIGARTGN Fahahea Fouwihea
5 25-28 - Fosuaeih Gy - -
6 28-32 - - daam -
7 35-38 - Eoauaeih @y - -
8 43-48 - - Hiduden dmy
9 62-66 - - GEUPNINEY Shearm
(B-sitosterol)
10 71-717 - - fhahidu GLTUNEteN
11 78-80 Auuas aauaaih - LN IGAL [t 3p)
12 82-83 - (IDILLENFLON - -
13 85-87 - - fhGum -
14 88-89 - (IDIUENFUAN - -
15 90-92 - ERNIGAG TN fh@um fhona

AMININAFIU A
B
C

D

A59d UM lanas UV 254 inlUNes

A5 UM lanas UV 365 i 1UNGS

eanudeasazans anisaldehyde-sulfuric acid Tiausaud 105 asenwaded

WU 15 WD

1NaUATIAFaUME Laas UV 365 luuns

2. MSANIYAMBUANINLANNIFNIN

NAMSNAFIUNIDENUAUU 12 M9 WuNUSIUANNEY USInaasanaaiein asana

MmeEmMUea NN wazoni biazanglunse Aadusasazlaeninmiin (sw/w) lug 4.86-8.66, 6.39-14.81,

2.26-4.19 Waz 0.055-0.185 waziimdednllusasazlaetinvin (%w/w) AU 6.58  1.25, 10.77 + 2.31,

3.78 + 1.26, 3.14 + 0.56 WA 0.092 + 0.035 MMV lagepgNNinumuingaluudazmsnagauy

laun fegnnfivsinaenuumgadadiatne PMH 03 Zaiilu authentic sample Gaagnifivusanaans

o v %’ 2 O.I v <~ o ) d’ d‘y ¥ o ] d‘
ﬁﬂﬂﬂ)ﬂuﬂttagﬂiﬂﬁmaﬂ’iﬂﬂﬂ@)ﬂLBW\‘IJB&QQ’&!G]WQG]’JBEIN PMH o6 m“damﬂ'immwmﬂmemaqulws

ludaninanesil drudmestnnivsnanisnumngadadiaie PMH 02 #ailu authentic sample was

o v da a v aq s o o ' = & v ° ' <
ﬂjaﬂjﬁﬂﬂﬂiu’]mlaﬂ’]ﬂluaga']ﬂnlitlﬂﬁﬂ(ﬂ’]q@ﬂ'ﬂ ®1a8 N PMH 08 ‘ﬁQ‘ﬁaQ’]ﬂijitlQ’]Mu']ﬂLﬂia\jﬂjal‘!u‘lv\lﬁ

Tudawiadiwalan (15197 5)
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M519N 5 WamsANUSIaeNNEY USiaasanaelsin Usinaasanamigemuas USinaasia

wazSanaumnlyazaralunsa

ANNBY Msafaeh  ssanaaaemuas NI hitlaiazans
ZPREAN (% w/w) (% w/w) (% w/w) (% W/W) Tunse (e w/w)
(mean + SD) (mean + SD) (mean + SD) (mean + SD) (mean + SD)
PMH o1 8.12 £ 0.02 10.63 £ 0.04 4.60 £ 0.05 2.62 £ 0.01 0.085 %+ 0.00
PMH 02 7.20 + 0.16 8.68 + 0.03 3.37+ 0.15 2.26 + 0.03 0.130 + 0.00
PMH 03 4.86 + 0.04 11.83 + 0.03 5.14+ 0.04 2.57 + 0.01 0.085 + 0.00
PMH o4 6.61 + 0.00 9.77 + 0.07 3.20+ 0.11 3.37 + 0.01 0.090 + 0.00
PMH 05 5.73 £ 0.01 6.39 £ 0.17 1.85+ 0.01 3.00 + 0.04 0.080 + 0.00
PMH 06 5.85 + 0.02 14.81 + 0.08 5.82+ 0.10 3.75 + 0.04 0.065 + 0.00
PMH 07 7.04 + 0.00 9.20 + 0.00 2.48 £ 0.05 3.41 + 0.00 0.080 + 0.00
PMH 08 5.39 £ 0.08 10.69 + 0.09 3.05+ 0.07 3.06 + 0.00 0.055 % 0.00
PMH 09 5.81 + 0.08 13.62 £ 0.00 4.78 £ 0.02 4.19 £0.13 0.095 % 0.00
PMH 10 8.66 £ 0.00 10.93 + 0.06 2.87 £ 0.05 3.06 + 0.09 0.070 + 0.00
PMH 11 8.20 £ 0.06 12.98 £ 0.11 5.15+ 0.06 2.75 £ 0.06 0.080 % 0.00
PMH 12 5.54 + 0.02 9.74 + 0.04 3.03 £ 0.08 3.67 £ 0.01 0.185 % 0.00
Mean + SD  6.58 + 1.25 10.77 + 2.31 3.78 + 1.26 3.14 £ 0.56 0.092 + 0.035

FenndayaUFmemadu Ysinamsadaceh Usinamsasadsemuas Uinaudsi uas
Unauditliazmelunsadld mmhlumuuafunasinaspumausnmaspumayulwslng Usna
anwiy Usinandhan Usinauditliesaralunse asldenmdsundis 10 esmninasidvuassyh
Fasiivsina “lidiv? swdSinamsatamen weslSinamsatacaemuaa awlddmasaude 10%

asnnnamimuueszyn aafivana “lidasni”” (a9 6)

M7 6 wamsUszivdamuuamueimenineasaaulnsuiunas

NEMS Taithu Taisiaenh
USanauemni (% w/w) 8
USnauesu (% w/w) 4
USanaudiliazanalunse (% w/w) 1
USinaiensanaaeh (% w/w) 10
USinaansanamigamuea (% w/w) 3
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a 4
AU

wannmsdnuluasail dayaandnsaimaedl Mnmsenasaudosduuaasliifuhayulns
WAL 12 Faeha #d13ngu flavonoids, amino acids, saponins 4ds coumarins Fedalaitneiineny
MINTIANY UAZWUAINGN steroids FaaandasiunafinaiimsAnennoumhil wu B-sitosterol Tusnuas®?
WarWu stigmasterol lua15afia dichloromethane zasaauuae"® udaziidayanisnsrany angu
steroids aud udiihufiesmafnnludeinnunduden TasymisisAnmnaiionasns uonhmriia
v 1 Wdnnlududu wu manasaugrdmedaimw widldjmisishdayaunldifuunmelumsian
amuueasIuLaale

dhumsdnndayaendnueimandl eduduwa de38 TLC Tagld B-sitosterol Wuamsiiieu
WUSNWYoz chromatogram iwzuasasananaslsweumasayulnsuiuuaseddaay asnnasazas
anisaldehyde-sulfuric acid ﬁLﬁaﬂiﬁﬁﬂWmﬁamaaaauﬁu mmzﬁm%’umsnéu steroids, prostaglandins,
carbohydrates, phenol, glycosides, sapogenins Ltazﬁwﬂ’wammwﬂ azlian19ung ﬁLLﬂ\‘lag ?11}’%314
idlansnsaumelduaisssnnd wosdasuasdan 1 Waasnseumsldussannllawannuemaiy
365 W luwas"”

miﬁﬂmqmauﬁamqmﬁmﬂm‘w*ﬂaqau{ulws‘[mamﬁmﬁw’mﬂ%mmmmgu Usnw
msatadeh msatadeemuas s wsdiliazaelunse umsssdiuvgaumwanundnanng
Iﬂﬂmi‘ﬂmaaumﬂ‘%mmmm%uwaaa&;ulws Falsinmuanuduliasiu 10 antiuayulnsugiia
asfimsmvualimuenumanzan FannmsanmwulFinaenuueesayulwsunuwasaglugs
4.86 - 8.66% wnayulwaiianudugeasiunaliayulnsiaumwiuazdonaumwids msasam
UBinamsatadednazaade g fmanzas Wumsenamamshagiiianmuauammwaasaulnsg
ikl lunsdiimisiamslald Tasmhlumsldaulwsmunityanaudy dnldduenhauviansand
Sulszmu dniulumsnmifsenamlinamsaiadenuaziamuas drumsnasauanuuians
apaayulwsifansideduagunieaiiiasla ilaansmuinand Fuiudsiieundaeagnssann
msunludagsanysel idaesiisfidnsaziomn: mansoazmalddlunsaindadeiliszaalunsania
A NEVIDHRY Tmﬂﬂ%mmﬁmuLﬂuﬂ%mml,ii"wﬁl,ﬁ@mmﬁaL?ia?lma:gulws (physiological ash) waz
mmﬁmmnéaﬁaﬂwﬁm (non physiological ash) i du e Hudu TaavhluuSnandrsinaziian
pgaEviN 1 - 20% wasdhiibiazaalunsnasiidnagszuin 1- 100 snfuayulwsnnesiioasiimadvua
Howanuminzay Fnnmsdnmnwulinad wasidliszaelunsa aglugie 2.26 - 4.19 waz
0.055 - 0.185% MUMAU

mafnndayaiandnsaimaail tiefuduns d1e3% TLC andimsdnnduamaiisulunga
flavonoids, amino acids, saponins (8¢ coumarins @728 wanMnilenatusuraeITay 9 fazannuas
NuaNen Wy 35 High Performance Liquid Chromatography tazaia@nunisnmsmilsainaasdérany
Fasihlitayanaauiimuaimamwrasayulwsuiuuasienuanysahnniviu atlmsdarndammuua
wnasuavingduayulwsmumninaspuenayulnslng didasidayamsnsasauenansaimundaim
(Pharmacognostic characteristic) 5340728 s’z’hﬂwﬂuwuiwﬂ'ﬂ'ﬁ%’ﬂﬁﬁwmﬁmmﬁmmzﬁﬂﬁmmﬁ'aﬂ
wnaaamsinsiamdamvuainassvresingduayulusludszmalnaduldadgrelivszdnsam

BN UNAENTDIMTHNITON AN MSWAN AN WUN I ULATHLING e
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a5

9

nuamsanluasihilildnnuieyaaaeuiamaaiussmemwsasayulnsuiuuamnuma
Ugnludmind 4 zaslsane hilnguasriialasgihe uaslddnuar TLC fingerprints filudnuos
wzzasayulwsuiuas vannniifalddayatinuemudu Usinumsadadeh msafadeemuan
9w wasditldazaelunsa Fenniausdayananualagazdeadonmznssumsiaamne vas
nsuInenenaasmanng aaznssumss asnsnh lWlgiduwnmedumsiamndudamuuamnasyu dmsu

msmuanaamuzasanulwsuiuuatlumnnaspiuenayulnsing daldle

anenssndsznea

AzEYEazaUAMEMUWIBENU NS wazguiinenamaas Msunngn 9 uasnzdn Nldeyanzd
JotasenapgNayulnsunuutuaszdaaliviu gnseaandiund x805159 dindanisanug

4

waztne luladine@mansnIsunng WedIaN INeUUNY {aI1UIENISAUTINGAFENS NISUNNEN 3

U U

[

UATAIIIA  ALYBINIIN  F3III0UL JmamsmudianiIne antiuidedinendmansarisnsagy

q

#3.05IM NJAUS densiingmsiay dneuazingania saunuaiaeinideaealdlasems
« [ o 1 PRy v PN 9 ] A9 v o o Y a < ' v
mawandnsmwaasayulwsnimslglurasdu” navu Alisuusihussdafamudn 9 elilasms
WeduFanuiaguszaed

NI
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Physicochemical Properties of

Maerua siamensis (Kurz) Pax Heartwood

Sirada Pongmuangmul Jedsada Katosod Wisitsak Wuttiadirek

and Sangkom Vittayanan

Regional Medical Sciences Center 3 Nakhonsawan, Department of Medical Sciences, Amphoe Muang,
Nakhonsawan 60000, Thailand.

ABSTRACT Maerua siamensis (Kurz) Pax is classified as a kind of medicinal plant belonging
to the family Capparaceae. It is used as a diuretic, antipyretic, prevent/treatment of decayed teeth
and nourishment. There is no standard requirement for quality control in Thailand. Thus, the study
of physicochemical properties of Maerua heartwood was conducted under the research project
“Development of Medicinal Plants used in Local Areas”. Twelve Maerua heartwood samples were
collected from natural sources and medicinal plant stores in various parts of Thailand. Preliminary
test indicated that steroids, flavonoids, amino acids, saponins and coumarins were found. The specific
chromatogram were detected as TLC fingerprints. Physicochemical properties including moisture content, water
extractive content, ethanol extractive content, total ash and acid-insoluble ash content were undertaken
following the procedure designated in Thai Herbal Pharmacopoeia (THP) vol. I and II. The results were
6.58 + 1.25, 10.77 + 2.31, 3.78 + 1.26, 3.14 + 0.56 and 0.092 + 0.035 % w/w respectively. These data shall
be used as the information for setting the standard requirements of Maerua heartwood in THP that useful

for quality control of Maerua heartwood raw material and products in Thailand.

Key words: Maerua siamensis (Kurz) Pax, physicochemical properties, Thai Herbal

Pharmacopoeia
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Relief of Producers of Bottled Drinking
Water and Ice in Huge Flood Areas in
2011-2012

Piyamas Jamsri Ladapan Saengklai and Kanika dJittiyossara
Bureau of Quality and Safety of Food, Department of medical Sciences, Tiwanond Road. Nontaburi 11000
Thailand.

ABSTRACT The severe flood in Thailand during 2011-2012 had an effect on shortage of drinking
water, as a result, most people preferred the bottled drinking water. Also, the producers of bottled
drinking water and ice in flood areas had problem on the contamination of chemicals and pathogens in
water source that affected the quality of products. Accordingly, with purpose of hurried relief of business
owners and protection of consumers, the Department of Medical Sciences (DMSc), in cooperation with
Thai Food and Drug Administration (FDA), Provincial Health Office (PHO) and Bangkok Metropolitan
Administration (BMA) launched a project to relieve producers of bottled drinking water and ice in huge
flood areas during November 2011 — September 2012. The project was divided into three phases. In phase
1, the DMSc organized a workshop for providing details of the project and knowledge of the Good
Manufacturing Practice (GMP) to the cooperators. In phase 2, the samples of bottled drinking water and
ice from the flood-impacted producers were collected by health authorities (FDA, PHO and BMA) and
were sent to laboratories of the DMSc for analysis according to the Notification of Ministry of Public
Health for bottled drinking water and ice. In phase 3, the analytical reports were submitted to the health
authorities for considering provision of guidance of quality improvement to the producers with
non-complying results. Subsequently, their products were sampled and analyzed. For the first analysis,
total of 589 samples were tested and the results revealed that from 510 samples of bottled drinking
water, 101 samples or 19.8% failed to meet the standard whereas from 79 samples of ice, 27 samples or
34.2% failed. For the analysis after quality improvement, 19 samples or 31.7% of 60 samples of bottled
drinking water failed to meet the standard whereas from 17 samples of ice, 9 samples or 52.9% failed.
However, in the second analysis the results showed that the number of samples met the criteria increased
form the first analysis at 15.4%. In conclusion, this cooperating project enabled the flood-impacted
producers to rapidly recover from flood crisis and to run their business continuously and effectively.

Furthermore, the consumers were protected from the health risk.

Key words: Water and ice, Flood, Water quality
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Pesticide Residues in Oranges Thongsuk Payanan et al.
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Fulluiiziilsauazunondinas visanudsmealdnnszsazmaniadule wu ssazasaanaan
srasfouauaziiuiiena lsauwssunasdasdmiudu laud Tsannuhuaslauuh Tsaludauivann
Tsawasra Wiy shuunasiianday T nuswmeuly wusuud waslv Judu Fataieanudeme v
inwasnsuiiudadldmsiaiiiielasiulsauasunasdngdanarndivinnumnn wsliliaamudameias
flga asaanuiel¥lduandngensafuanudesmsussamaiiiisanndu dasfuldnndayamsiih
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Wusmariliidedymaseiionailunando ™ deansznudagumuweasiuilnanasaaudiuade
dafunadan daiumhanumeszildfnasmaiamuauuasniomsldmaeilumstiosiuiiadas
Wy lesnssdinmainueslawuzihlildaseiilasnumiadaginlumsUgndn wu 8lnasau (ethion),
M313a (carbary)® (fludu dunsznsramssaguiimsmmualiinamsivandgigaiidldluams
Lf‘immmﬂmﬂ‘ﬁ (Maximum Residue Limit, MRL) muﬂizmﬂﬂszmaqmﬁﬁmqw N.A. 2554 LAgMRUA
M MRL 2asansiaiiidmsudy 15 210 laun asun3a (carbaryl), esludauny (carbosulfan),
lowwasiunsu (cypermethrin), lanaasiad (dichlorvos), lalnlamsunuad (dithiocarbamates),
lawniea (dimethoate), W11AI8H (paraquat), IwsWluwed (profenofos), Wadwlau (phosalone),
e neau (malathion), WMuansa (metalaxyl), uiim Inaau (methidathion), windia (methomyl),
wawuniu (abamectin), talnoau (ethion) wasmvuaUFumsivanaeggailuiiounnamai
1:Jmﬁm§m.§'mlé' (Extraneous Maximum Residue Limit, EMRL) 5 %@ Taun waansuuasiansu
(aldrin and dieldrin), Aaas5tau (chlordane), #&# (DDT), toua3u (endrin), taUmaans (heptachlor)
dmsunalsl daludalinnuamumsaimsand Gemumslémaniilumstiossumiadagialudy Sald
AnmnuBinamsandaasnaeiimiadasilusaduihidhnndedssmaludngman 2555 - fumau
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#19LA3 : acetronitrile, methanol, n-hexane w8z methylene chloride (flu HPLC grade
ethyl acetate, glacial acetic acid, sodium hydroxide, sodium tetraborate decahydrate, sodium
acetate, sodium sulfate, sodium dihydrogen phosphate anhydrous, disodium hydrogen phosphate
anhydrous 8¢ magnesium sulfate anhydrous {u AR grade, mixture of 150 mg MgSO4; 50 mg
Primary Secondary Amine sorbent (PSA); 50 mg Graphite Carbon Black (GCB), extrelut NT 20
refill pack (Merck, cat. No. 1.15093.0001), Florisil (PR) 60-100 mesh
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wazUSuuars HPLC-post column derivatization uaz fluorescence detector: 35015333t 5I1EH
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- mslenuingy OCs war SPs: Mhe3asiie GC Usznaudhs Inlet uuy splitless figoumgi
200°C, detector %o uECD qmwgﬁ 300°C wazld analytical column #il@ DB-5MS, 30 m, 0.25 mm
id, 0.25 pum film thickness, flow rate 1.5 ml/mim

- mslwneingu OPs: liedasiia GC Usznaudhe Inlet wuu pulsed splitless figaumgd
200°C, detector #ila FPD amuvigii 200°C uazld analytical column #iia DB-1701, 30 m, 0.25 mm id,
0.25 um film thickness, flow rate 1.5 ml/mim

- Tasngu OCs SPs uaz OPs sansoiamziniantiu Tu GC oven icnansoashlsunsugamai
initial 80°C hold 1 min, rate 15 C/min to 180°C, rate 3°C/min to 205 C hold 5 min, rate 40°C/min
to final 260°C hold 20 min

- MIUATENGUAITUING : THia3asiia HPLC Usznauss LC-post column derivatization,
reactor aM¥Ni 100 C wazdl programmable HPLC gradient system lagld analytical column #ii@
Zorbax SB-C8, mobile phase (CH,CN:H,0), flow rate 1.0 ml/min 8z fluorescence detector:
Ex 345 nm, Em 455 nm

N3AIVANAUMNKINTIATIER

- Internal quality control: 3t@51¢% method blank waz duplicate analysis Tumsiasz
7N 10 @8N M duplicate analysis Tma’?mswzﬁaaqsgw MuUUAA relative percent difference (RPD)
TaitAu 259%, recovery study lag3tazH spiked sample sz 5 (haae LOQ lumsieaeinn 10 daaens
wazMUUATNEBNTU % recovery LINAUTBEAZ 60-120 AUTUNGNBBINLUAIDIY, NnguaasMlunaanasd,
nauanIFIANWININIoed wazioeaz 70-120 SMIUNGNATUILNG

- External quality control: Z15IunadauANNEIINUMIIATIEA (proficiency testing, PT)
fumhenuiidadald iefudunemsiensiienugndas mnsay Hulss Tasadaias 1 e
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wamsIeNsiHinumsiefiniadagiizandslunaduithuhmnimalsamalugrgmey 2555
DANUENEU 2557 5IN 183 MIDEN AT UWUMSANAN 53 IBENN (58882 29) ATIVWUMTANAN 130 HIDENN
(Fpzas 71) laadpdNnadNinnNNUssinalensns a52aNUANANGIEn AD ATIANY 70 GIBEN
NNFBENTING 71 FI0EN wasdnhiENNUsHnaTU ATANUMIANANEITEE9N A ATIANY 49 e

PNEIDENINNNG 82 798N (TN 1)

MSIN 1 NUUMBENFNNOTIIANEHUBLNUIUM DENNATIVNULE A NLHEINNNYBIAIDENN

dssine DUIUMIDEN
= P
ATIVIANLY ATIANU
EhneUsene
- W 82 49
- Jauwns 71 70
- PRdLASLEY 13 6
- ANIFALNEM 9 3
- wansmle 2 0
- ditu 1 0
- ladssydszme 5 2
Ugnlutszinelne 20 20
FPEY 203 150

sfiavasansiaiitlasfuidadosisiananulunaduiiidandsssmainedu 14 #iia
dauslmjtﬂumsﬁagﬂuﬂalnaa%m‘[u%laﬂvxla%’a MU 6 #ila lawd chlorpyrifos, ethion, methidathion,
profenophos, acephate @z triazophos NguA3ULNG 3 %iia laun aldicarb, methomyl waz carbofuran
nanasduazilninsesd 3 wfia laun cypermethrin, bifenthrin, cyfluthrin ngnaasmlunaaiy
2 #ila loun tetradifon wag dicofol lagwu aﬁmﬁﬁﬁmmﬁ'waqmsmmwugﬁ lown chlorpyrifos,
ethion, cypermethrin was tetradifon Aallusas 47.0, 36.6, 33.9 WAz 25.7 MNAOU ﬂ%umﬁwuagi
Tuz9 < 0.05-0.25, < 0.05-3.06, < 0.05-2.16 WAL < 0.05-0.72 NAANITNADAANITN ANGEFIU (median)
wazAgIullen (mode) LAY 0.05 LAz 0.03, 0.45 WA 0.18, 0.26 WAL 0.02, 0.11 LAY 0.08 NAANIN
dadlanin awddu dviuwemsanaiensimaeiitasiumiadagisandisludeduaduign
Tudszmalnatiudeglugiiuenay 2557 w20 e wuaseananlunniiedn slovesas
fasranudl o wile wiaduaslunguaasmluaansss 4 #ila laun chlorpyrifos, diazinon, ethion waz
profenophos ﬂéiNﬂﬂ%UﬁLN(ﬂ 3 ol leun aldicarb, carbofuran ua methomyl nduaﬁﬁumwﬁ
w3nsesd 2 #iia laun cypermethrin uas L-cyhalothrin dungnaasmlueasiulinumsanan
maaiilestumiadasiiaisanmsasanugs 1dun ethion was carbofuran Aafiusesas 75 uaz 70
ﬂ%mmﬁwuagﬂuﬁw <0.05-0.49 UAY <0.01-0.12 aanuaanlaniy easegIU (median) wazmgiuilaw

(mode) WNNU 0.09 LAL 0.04, 0.02 WA 0.01 NAANTNABNANSH MNMAU (M1 2 wae 3)
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= a Yy L o W [ -~ v v v 1:4' ) Y o

HamsdnwUTinamseitasnumiadagiiganaslucadunuideyaila lilaidumsuanuas
wuuUn@ (normal distribution) feuudsldAmsisagiu (median) wazergiuiisn (mode) tudmunu
c{' Y a 4 U n:l’ . . dl' 1 1:4' o o n:l’n:{ 4 =~
NuraseredayaunuaIade (arithmetic mean) tiasaInaimdsasidudiunundeasdoyalunsdl

LY L4 < a 1 ] < U a [ 1 Vv q' %’ [ .:4' <

msnsznemadayaluwuulnd wasgnlsiowasnunguien Wuawesswayaimiumnniiganie
1 dld nﬂ' v Aﬂ' Aﬂ! vV 1y = v Aﬂ' 3 v dﬂ'd o v =~ v
mndenudvavisyagangazdayausgaavaz lifipuisulaismnninnudsyaniiiuuiseviadays
gauuliinemsnniues

L ] YV Aﬁ' v Aﬂ' o a Aﬂ' = =~ L U . .

MBENFNNATIANUFIANAN WaihUSinanaanuasulssuiiaunua Maximum Residue
Limit (MRL) 289Uszndlng uaz Codex’s MRL wunauihenwuansiiuamuue 4 5iia lown bifenthrin,
cypermethrin, ethion, methidathion (&g profenophos 534 33 @299 NN 183 AL Aallusoeas

¥ . a L% ] L% ] a Id v o w

18.1 d3lng WU profenophos wag L-cyhalothrin #Haas 1 #3881 574 2 Made Aallusasas 10 HIWSU
Jamaadhanasianuasanmezesslaiionmuue duihiinasiany 4 #ile leun carbofuran, acephate,
tetradifon Waz triazophos 934 65 @298 (Aalusasay 35.7) dulnewy carbofuran way diazinon
590 16 029819 (Aalusagaz 80) @msuTaztdaarliauazUSNaasNlN a9 NI IIBUG
(3NN 2 uaz 3)

P a a Y v o v W P 1% Y oo w v & o
GIIINN 2 %u@LLaSUiN’]m"UBQﬂjiLﬂNﬂﬂQﬂUfﬂQﬂﬂﬂgW?ﬂﬂﬂﬂ'NbluNaaﬂ‘ﬂu’]L?l']:ﬂ']ﬂ(ﬂ'mﬂiqu/lﬂLLazLﬂm‘?/lﬂ’]‘ﬂu@

1N NNENUTLNA U 183 GIBEN

Fleased 0 T - e .= ”
Tjaqﬁ’uﬁqé’mﬁmﬁﬁ ﬁ'aaaiwﬁmmwu fiadnsudanlansn ﬂs:mﬂnizmwmmsmqw Codex’s MRL
(ﬂ""lijﬂ - Ndge median mode
chlorpyrifos 86 <0.05 - 0.25 0.05 0.03 Tadfiemvue 1.0
ethion 67 < 0.05 - 3.06 0.45 0.18 1.0 Tsisienmwue
cypermethrin 62 < 0.05 - 2.16 0.26 0.02 2.0 2.0
tetradifon 47 < 0.05 - 0.72 0.11 0.08 Tsisianmuyua Taisienmuue
methidathion 45 <0.05 - 1.02 0.09 0.07 0.5 Tsisienmwue
dicofol 11 <0.05 - 2.21 0.12 - Taisianmuyue 5.0
aldicarb 11 <0.02 - 0.08 0.03 0.02 Taisienmvue 0.2
methomyl 11 < 0.01 - 0.02 0.01 0.003 1.0 1.0
carbofuran 10 <0.02 - 0.09 0.06 0.08 Taisienmvue Taifienmwue
profenophos 9 <0.05 - 0.33 0.04 - 0.1 Tadsienmvue
bifenthrin 6 <0.05 - 0.14 0.07 - Taisienmvue 0.05
acephate 4 <0.05 - 0.05 0.04 - Taisienmvue Taisienmwue
triazophos 3 <0.05 - 0.05 0.05 - Tifiahmvue Taisignmvue
cyfluthrin 1 <0.05 - - Taisienmvue 0.3

mnd 3 lausstTnawesasiaiiflesiumindagizandelunadunugnludssmauasinamimnue

giaasad

Tudszmne 1w 20 Mot

Hasfurnsndagi Srathaiasany fiaansuaailansy UszMANTzNT NS TG Codex’s MRL
ﬂgﬁi;jﬂ - gNga median mode
ethion 15 <0.05 - 0.49 0.09 0.04 1.0 Taisienmvua
carbofuran 14 <0.01 - 0.12 0.02 0.01 Taifienmuua Taisienmvua
profenophos 13 <0.05 - 0.86 0.04 0.03 0.1 Taisienmvua
cypermethrin 9 <0.05 - 0.51 0.16 - 2.0 2.0
chlorpyrifos 8 <0.05 - 0.08 0.05 0.05 Tsifienmvue 1.0
diazinon 6 <0.05 - 0.06 0.04 - Taisienmuua Taisienmvue
aldicarb 3 <0.01 - 0.02 0.01 - Taisienmviua 0.2
L-cyhalothrin 1 0.42 - - Taisienmmue 0.3
methomyl 1 0.04 - - 1.0 1.0
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apsmluvaanaa nauesuIue waznguasdueNzilnansesd ludatraduny nguassmliunaaiy
nanaasmlunaanads uaznguansdaaneilninsasd wisnimetnloamnaiian QUEChERS ¢mu AOAC
2007.01® TagldasazarsdunsgnuinilasuSmnanipaamsumsiensilunadunis uazld dispersive

o 4 3 = t{ = o ]
solid-phase extraction (d-SPE) mmumzmumwﬂﬁmsﬁlﬁ (clean up) FNIIOLAFIINAIDEIN

] v ] I < IS Y v =} a a = & o o v A Ao

gngnuuadlaagehe 590157 I ldnevaauaziidszdnsaw anndedimmsnauAuing (good recovery)

= v 5 o~ v Py v o [ = = . . @ 1
aneng wanMNUNIENNUMSANANEBaNI9ee GC NandamsiSauliisu retention time AS9NUIEWIN
Waasaslumaienuieyasa sanasIuLa gaiimsenatiuduniiaansdnasslagmaienzions GC-MS
TagandamsiUSeuifisy mass spectrum 289182378 (mass number) 283 31U 9 Audayaniaglu library
AADAAIUTNTIUNILINLYDY fragment ions NHAINNAITUANIVBIENSUABLINALNBBUANUDIENATDY
(electron impact) Ua3Im53230 quantified ion Wag confirmed ions MNUAdLFUAVDIFITAIE
unaanlnsfieas"” mliwanmsanaiensiigummih@adaminiy dvsunguasuune laldinaiia
post - column derivatization #FuiluAsfienudnmzdmsuarslunguiitaaglusloas N - methyl
carbamate L{augnaIN analytical column warzufsenduladenlaasanlyd (NaOH) laanslugy
YONUDANDTAAMISUDLUG UaztNatalY Funiatadiuazylfisennu O - phathaladehyde uaz
mercapto - ethanol tiaifuamseynusieglugliewuasiannnsonsaialaae fluorescence detector
uannfiiadimsaanumslumaiazdnmsiiudumsasianua s 9 laanmsduasunasuniidianm
whnuiasanuwazdeguiveliuilaiiiezesasuassriuuazasiasanuliduananniy adrlsianu
watdumslsziuaumueamsinszd Basdenzinmualasunmsiusasanuamnsadesdjudng
MuNIN5gIU ISO/IEC 17025:2005 naunanasgiuveasuijians mlvuulalanuanisieszvi

v A v
ANugneasLasaiala
v I 9ld|d o 4 1 a v o LY

duduwalinfimsmvuamnasgu ToadasnsialdinuasisananNnnIngauanennmsneas
MNUTEMANTENTNANDINGY W.A. 2554 antIUluNIAATINUNTNHANANANINIADIUNENNMINHAT
lalinulsinaasiyandngegn (Maximum Residue Limit; MRL) mutny@vaneay 1 fammvuali
finsasiwneileglddunims (Waanuaziilia) mu Codex Alimentarious Commission tivalwiiluai
uaodamslamnsmIndagiomnas nsdenhralninlamnsaudisuiua MRL M1nwamsd15ia
asfinusmsananildassanunamimwuesainguang lnauss Codex’s MRL 2 n5di @a asrawusslanm
DUAMNUA LaLATIAINUENTNLNTAMWUA TagduinennuasINasamunasimue 8 #4ia (A51aNY
USinauduamyue 4 #iia loun ethion, bifenthrin, cypermethrin uae profenophos A5IaWULA laika
MU 4 390 loun acephate, carbofuran, tetradifon wag triazophos) duludsenea wuaslainsaay
WamiNyUe 4 980 (@anudSinauiuamuue 2 #ile loun L-cyhalothrin uag profenophos @51aWu

o w

walaifimviue 2 #iia lawd carbofuran waz diazinon) ailslumsAnmasafiaziuleanafinansieiiman
4 = A:l' ] & o = U % U k% £ v o v 3 n:‘ly n:l'

Angiigiasranuliasemunasimuuaianuuananiussnindumealuldsznanuduindinaiiile
wNsaNAsiIuGEes MRL Wusedsemaazwuihluunsdseimaiimsmuuasm MRLIuriassuanedan
Uszinalnewas Codex @y Usenaduiimsmuuaa MRL 14 acephate, carbofuran, triazophos™”
o - LY ey ., - ca o

Zanguanglng uaz Codex limsmuwuamsvarii willmséisailiheuenamsanaienziiisunu

Uszmanssnynanssagelszindlng uaz Codex
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Tavanue mililasnndnhdhifumsnunuteyamsenainneiaudaman 2555 - fugeu 2557 ud
dumelulszmaldmnmafudeisluilulssana 2557 whiu udeslsimumamsasnvinnsinady
melulszmaiganadasiumhenuauq flaimsanmnusinamsanesly Wy wisdedauseasiad
Miadagiiy Suduyaisiieduilng (Thai-PAN)® Tagluiafiney - wqumew 2557 lddhnamaai
miadagizandeluduniwe Huau 12 @edn Tasiudadsnnieassndud amadldnues
amadmdsluansunnumuas sasazmsasawy 83.3 lasaaiaiitlasiuiiadasiiaiasanuinegy
15 #iia dlvngiiumsiieglungueasmluraawada 1y 7 #iia ldud chlorpyrifos, ethion,
pirimiphos - methyl, profenophos, diazenon, malathion &< triazophos ﬂtjuﬂ1§U1LNm 4 ¥UN
leun carbofuran, methomyl, propoxur uaz fenobucarb nguasauLATILVIWINIaed 3 #ila laun
cypermethrin, cyhalothrin uaz bifenthrin ngueasmluaassu 1 #iia laun endosulfan sulfate
Tagwum mimﬁﬁﬁmmﬁ'wmmsmmwugq loun chlorpyrifos ttae cypermethrin

dmdumsnmluadsillisminsoasuanulasadennmalsaiiumslédsududansldilomn
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mwzilady wuhUSnamasmnnhiensitaratsana 20 0h® udileamstnaussiuenuiuly
Tumsuilaamsdradaumsvanilfeniane Aluthgtuiiimsdusgwneidilaanusinumsiviianda
Waniaaas
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YANNTHITINILNHANT Lf;mmﬂﬁﬁmﬁﬂuwé’umqmﬂgq (high acute oral toxicity) 2 %iia @8 carbofuran
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gn33 msduatumatgnuazmavilnanaliiagslslivaaamaiy sammstssanduiusligusinaues
fihidhassninlufivdennmaeiillosiuniadagie Fuiudendyiimeszmamiiiumsesudaiilasdaly
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Pesticide Residues in Oranges Thongsuk Payanan et al.

Study of Pesticide Residues in Oranges

Thongsuk Payanan Jitpaka Suntudrop Wischada Jongmevasna
Rattiyakorn Srikote and Weerawut Wittayanan
Bureau of Quality and Safety of Food, Department of Medical Sciences, Tiwanond Road, Nonthaburi

11000, Thailand.

ABSTRACT Orange is one of worldwide popular fruit because of its high nutritional composition and
availability in market. However, it is a farm plant which requires a wide variety of chemicals to protect
and to destroy pests. Also, the opening of free trade zone in Thailand leads to a very large amount of
imported oranges from other countries. These problems result, during October 2012 — September 2014,
pesticide residues have been surveyed by the Bureau of Quality and Safety of Food. Four groups of
pesticides (organochlorines, organophosphates, carbamates, and synthetic pyrethroids) were determined
in 203 orange samples which were 20 samples of oranges grown in Thailand (collected from the markets
in Bangkok and suburban area), and 183 samples of the imported oranges, mostly from Myanmar
and China. These samples were quantified by using gas chromatography and liquid chromatography.
The results showed that there are nine pesticide residue compounds were founded in every orange sample
from Thailand. The most frequent detected compounds were ethion and carbofuran in the range of
<0.05 — 0.49 and < 0.01 — 0.12 mg/kg, respectively. On the other hand, fourteen pesticides presented in 71%
of the imported samples and the highest residues are chlorpyrifos, ethion, cypermethrin, and tetradifon.
These compounds ranged from < 0.05- 0.25, < 0.05— 3.06, < 0.05— 2.16 and < 0.05— 0.72 mg/kg, respectively.
Even only the pulp of orange is being consumed, the laboratory analyses were performed with the whole

fruit. In addition, the rinse of orange before peeling off is recommended to ensure the safety for health.

Key words: pesticides, residues, oranges
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