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Thailand’s Situation of Microbial Contamination in Traditional and Herbal Medicines

Sirada Pongmuangmul et al.

UNN

JaiusgunanaznsensNa s Tguaaasy
Tisimsudauazldenayulusuasenunuluno ms
ussyesuenaenan liludndennanumind oy
71 95U WaTAAMILHULNUNLVNTIHINAIENIT
wannayulwslng atui 1 w.a. 2560-2564 Lo
muuanemsayulnslysanduanden (product
champion) e udanamw 5 7ia laun nwsazm
AsLEEe UL UIun warnz ey NAeu

v 7Y vV U =N Y
ANNABINS 7 BHG lawn nszme wsn Wnzanalas

dw v 1 L4 \’L (2>
NSZIRBULON BANWIIU NUNNIEY uazlwe
dudsnlilsaweruiazesssudauazdraelvny
Uszmnauginsuuams aelasuenuiisnuazivdnm

v 2 ' oA
msldgeauadgnaaiiion Tasenayulnsuazeuem
Tusradindaalulsswenuiasesiglisasiunziiau
MS5uEn lAsSUMSEANUMNNITENIUYLAET W.6.

(3) 1 =Y v o’d‘ Vv d‘y = o 7
2510 FIUNFNAUNNADIDUNLLTBUMSU AN
UseMAYBNEI L NNUAULATINANTDIVNISHAZEN AUU
Uszmamlu 1ax 121 aaUNLAY 43 aIUN 21 U
W.A. 2547 (399 WANAMTNSRNTANIUNLTaY
gsusnuaulus enfuiasgriumstuilau
-:‘ly a o J I Y (4) o U a X 4
Wwaduniduatlaventin® Mvuaiiudon s
paslinunsuuilou Staphylococcus aureus,
Salmonella spp. waz Clostridium spp. #4208
o [ U YV & a dy =
mvuaaanan Fdunamilumsiansantunzidey
enusulunauazennayulwsmumsiuitauie
aun3d warainnuassuguisialdiuinasd

Y e a [ 4 =
TumsithszTiaumwasindanne Uaredl 2564

Yy o v o 1% a P~y
lasimsulasuudasdanivuasiugdunid aiu
UseMANIENI NI IUFY 1389 LNURNINTFIY
AIANNUIGNS VIoAansuzdudulaNdIAnY
gaaamw emsumIunannueiayulnsiaunzdau
HAITEDLLDEA VTDAAUIY .. 2564 79 laUseme
lusfaanpunen Jui 1 sunaw 2564 wasieauly
WHaNUMYUe 90 M Huwa ulUsemalusiznaan
wunn® Fmsihsegamwndasueienayulng
wazenuruluM e IANATaIUslnAzaesEIna

Gi’]Lﬁuﬂ']’ii(ﬂilﬁ’lﬁﬂﬂ’luﬂmgﬂi’iuﬂ’]ia’]ﬂ’l'ﬁLLaZEﬂ

N3ENINFIANNEFASMSUNNEG
Ui 65 atiun 2 wweu - Igueu 2566

Fasfimsduifiudashamuusnifiudoshawdososd
gumw Tasdinauamssaugaieniamissna
JMINSE 1 MegNasl d90533 o dineuazIng
iwdauasgudineneaasmsunngnlszing
NndayanInseNsinayulnsuase
wsulumo Fgusinenenansmaunndil 3 uasarssd
lasvnnainnumssageisniauazgusznaums
nouluiuilimagunwit 3, 4 wozdaghameld
Tassmsaanwayuluslnazasnsuineamans
MSuWng 529N W.A. 2554-2563 PIUIU 422
D8N #59AWU Clostridium spp. 110 92989
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Fuadl lagaoriuidednermansarsisagy wu
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5, 3 WAL 34 $19ENY MINAIRY FIUNGIBEN
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fludauuaiiGaunsutn suvieu wiguuuldld
pandau §519dUas NuUANNURILEILlAR wu
Tamldlusssund du 1 maduaimszesau
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IiﬂﬁaqéaqﬁLf“]lm?]"mﬁ’umﬂﬁmﬂﬁﬁmz (antibiotic-
associated diarrhea) 15m1189379 (sporadic
diarrhea) Lf'jammih (gas gangrene) ﬁﬂﬁam‘%ﬂ
lunszuadan™” C.perfringens gnauunaantiu
7 mju A8 type A, B, C, D, E, F uaz G auanu
ansalunsaseansiie toxinotypes nanaAny
#iaene 9 laun sauh (Alpha: ), tuan (Beta: [3),
wUlzasu (Epsilon: £), lalaan (Tota: 1), taunals
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UENUNU toxinotypes A, F, G, binary enterotoxin
(BEC/CPILE) uaz beta2 toxin ludiethaide
C. perfringens NUI 585 GIDEN Auanldan
ftheluganlnla Ussmediiu ssvhadaungumean
2562 B5umay 2563 laawy toxinotypes A §4iign
fin 5080z 68.2 MUME type F 5988z 31.6 type G
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Taelda1n @ (total aerobic microbial count)
PDUNUNINVDIEFALIZT) (total combined yeasts
and moulds count) WUATZEUNTNAUTNULNG
(bile-tolerant gram negative bacteria) Escherichia
coli, S. aureus, Salmonella spp. w8z Clostridium
Spp. mnﬁv’uﬂsztﬁumamudwswmmgmmagulwﬂwﬂ
(Thai Herbal Pharmacopoeia 2020; THP 2020)®
LLaxmmﬁuéTuwﬁmﬁ’uiwauﬁya Clostridium spp.
iauﬁqmnmmsﬁwa«%ﬁ] C. perfringens ﬁW‘U Lﬁ'a
Wudayaudnldiduuuamenmsianisenayulng
wasenuslun iilamsduasasiilon Wanndnamm
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THP 2020”: anaianzilasvasljianise
@uéﬁwmmam%’mmwnﬁﬁ 3 UATAN5IA
m’%"mﬁauasqﬂnsnf
Jaumsidoaamgii 22.5:2.5 asinuaded
(MMM, Germany) ﬁamwwu%aqmwgﬁ 32.5+2.5
avenalded (SHEL LAB, USA) (ifamwm,%ya
wuulSerme gangfl 32.5+2.5 avemalded
(Hirayama, Japan) cﬁ'ﬂsmmm%‘ya (ESCO,
Singapore) waasiammsihnszudluih (Mettler-
Toledo, Germany) Lﬂ‘%'aqﬁ'mmml,ﬂunsm—shq
(Sartorius, Germany) A3 p9ii9raneLED
(Hirayama, Japan) uaziasssssliihenuazisan
nadan 2 Muniy (Sartorius, Germany)
(Waadun3dannsgu
(@oaundanasIUdmIuNasauAMENUGYeN
mmstﬁym 1%® (growth-promoting and inhibitory
properties of the media) LAaLNAFIUANNIRNIZEN
29935 (suitability of the test) lasuaingue
NUSHEIUAETIUTINA BN UGIAUNTEMIM TUNNE
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aniIEInenenansansI U
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o THP 2020 UsznaudsdauuaiiGeiiada
Tael#aangiau (aerobic bacteria): Pseudomonas
aeruginosa DMST 15501, Bacillus subtilis
DMST 15896, E. coli DMST 15537, S. aureus
DMST 8013 waz Salmonella Abony DMST
21863 wuaiideiadylaglildoandau (anaerobic
bacteria): C. sporogenes DMST 15536 #&6i
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(yeasts): Candida albicans DMST 5815 tags)
(moulds): Aspergillus niger DMST 15538
mimmmwﬁﬂﬁuﬁwawﬁa Clostridium spp.
Usznaunia C. perfringens ATCC 13124,
C. sporogenes ATCC 114317, C. sordellii ATCC
9714 uaz C. bifermentans LMG 3029
mimnmaﬁﬁwanﬁya C. perfringens
Usenaume C. perfringens type A ATCC 13124,
C. perfringens type B NCTC 4964, C. perfringens
type C NCTC 10719, C. perfringens type D NCTC
8346, C. perfringens type E NCTC 8084 uaz
C. perfringens type A with enterotoxin DMST

51427

amslasadauazasiadl mu THP 2020

RRNAF] Lgﬂ\‘il,%a: trypticase soy agar (TSA),
sabouraud dextrose agar (SDA), trypticase
soy broth (TSB), baird-parker agar (BPA),
rappaport—vassiliadis broth (RVS), brilliant
green agar (BGA), xylose-lysine desoxycholate
agar (XLD), bismuth sulfite agar (BSA),
crystal violet-neutral red-bile-dextrose agar
(VRBD), macconkey broth (MCB), macconkey
agar (MCA), levine eosin-methylene blue agar
(EMB), reinforced clostridia medium (RCM),
cooked-meat medium (CMM), MR-VP broth,
tryptone broth, Koser’s citrate, nutrient agar
(NA), peptone, egg yolk tellurite (Difco,
France), enterobacteria enrichment medium
(EEM), columbia agar (CBA), tetrathionate
medium (TTM) (Merck, Germany), soy lecithin
(Lecico, Germany), coagulase plasma rabbit
with EDTA (BD BBLTM, France)

d191@N analytical grade: 30% hydrogen
peroxide, hydrochloric acid, glacial acetic acid,
sulfuric acid, potassium hydroxide, alpha napthol,

Kovac’s indole reagent (Merck, Germany),

N3ENINFIANNEFASMSUNNEG
Ui 65 atiun 2 wweu - Igueu 2566

sodium hydroxide, potassium dihydrogen
phosphate dehydrate, sodium chloride (Carlo
Erba, Italy), gentamicin sulfate, chloramphenicol
(Sigma Aldrich, USA), disodium hydrogen-
phosphate heptahydrate, methyl red (PanReac,
Spain), polysorbate 80 (Acros Organics, Belgium),
liquid paraffin (LabChem, USA) gram stain set
(CLINAG, Thailand)
#150za8dNSUADINNMIBENN (diluent):
buffered sodium chloride-peptone solution with
0.5% lecithin, 5% polysorbate 80 (BSP-LP)
p1Msiasvdad NI vIugdunid
(enrichment broth):trypticase soy broth
with 0.5% lecithin, 5% polysorbate 80 (TSB-LP)
wae reinforce clostridial medium with 0.5%

lecithin, 5% polysorbate 80 (RCM-LP)

MINAFAUANNIINLINVBITIATIEY
draganlnuENIAdusINIsIaTyYeaEe

a

98uN38 (antimicrobial activity) Mnaulsznay
fluayulwsviannastudeiifioglundo ool
9T UAINAFaUANINRNITENYDIID AU
faghananTilensitudedunidnasgu was
fmsmuguanmweImaasaia lagnsnsa
AnnsimiFinadesaunidiuiiou Usznouds
mwmaauamauﬂ’ﬁwmmmitﬁyml,%yaiunﬁa'qLa%u
mim'%iyﬂam%?aaﬁuw%s‘f (growth promotion test)
Togldidaqdunidinasguilasunngudifuinm
UAZTIUTINANWUTIAUNTEN WM SUWNNE F0111I
%mmam'immsmqw loun Staphylococcus aureus
DMST 8013, Bacillus subtilis DMST 15896,
Candida albicans DMST 5815 was Aspergillus
niger DMST 15538 ANNMNZENYBINITATIY
AnneilaeimsiuUnaudogdunds (suitability
of the counting method) §5umsnagau TAMC
°1°E?L%yaﬁg§uw'§z‘fmmgm S. aureus DMST 8013,

Pseudomonas aeruginosa DMST 15501, B. subtilis
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DMST 15896, C. albicans DMST 5815 tag
A. niger DMST 15538 awsumsnagau TYMC
1%@9@514%%5341613311@ C. albicans DMST 5815,
A.niger DMST 15538 u,asé'f'smmiuwaau (negative
controls) MInTIANimziiavaudagdunid
vwilou Usznaudas MInagauAMaNTalunIa
\3nuazdudamsaiauedagdunid (growth-
promoting and inhibitory properties of the
media) UATANMNBIILENYDIONATOU (suit-
ability of the test) Gl,%'l,%yaa;auw%'ffmmgm
S. aureus DMST 8013, P. aeruginosa DMST
15501, Escherichia coli DMST 15537, Salmonella
Abony DMST 21863, Clostridium sporogenes
DMST 15536 waz@IMIUANKAAU (negative

controls)

NMILAIBNAIDE

§INFUNINAFDUIN total aerobic microbial
count (TAMC), total combined yeasts and moulds
count (TYMC) bile-tolerant gram-negative
bacteria, E. coli, S. aureus waz Clostridium
spp. H9G19E19 10.0 N3N 1Hin BSP-LP U31105 90

a aa

v L =) A:' 4 Y Y @
EXBGI7R] 1@53@Uﬂ15tﬁ)ﬂﬁl'\ﬂﬁ&l@lu 1:10 Nﬁﬁ\lslﬁl."ll'lﬂu

nInadauny TAMC

FeanasazansiatheissAumsidea 1:10
(10™) 89A982 10 14N (10 fold dilution) §2e BSP-LP
AUDITEAUMSABAN 107° Ydadsazanaminen
Usinas 1 fiasans adlumumnzde szdumside
ez 2 1 inviudaeams TSA figaumaiiliiu
45 uAEaLded USHns 15-20 NadanIaaU
el lvudediigamaivas thltinmnsiigumad
32.5+2.5 asrnwalded Wunm 3-5 1 leensa
Tulalaiiluszdumsideaniililaladiidoszuin

25-250 lAlaiifaau

nInadauny TYMC

LSBT TAENYMBENITUHLINUMSNAFDU
TAMC éaud 107 8910~ udmnzidasluems SDA
Fain chloramphenicol 50 §adNTNEDANT WA
iliismneiigamail 22.5:2.5 ssrnuaided Wy
om 5-7 Ju anatulalaiiluszdumsideasiily

Talaiilaitiu 50 Talatinaanu

NINAFaUR bile-tolerant gram-negative
bacteria

Fi60e19 10.0 SN iy TSB-LP USaas
90 {93an5 laszaumsiiaan 1:10 wanliidnu
ihlinnefiguvgii 22.5+2.5 asenuwaided
nmdszana 2 $lie ualiiiy 5 $alae azldifiu
pre-incubation sample mﬂﬁuuﬂﬂo’i’uﬂums
naFaUBIAMMWEBTUMINTIINU/ Ly (test for
absence) wazMInadaudNUIIU (quantitative
test) é’ﬂﬁ’

AN Yl pre-incubation sample
US3nas 10 fiadans (iladethe 1 n3w) aslu
295 EEM 1331005 100 §98ddns luuuimne
ﬁqmwgﬁ 32.5+2.5 aaalded (unen 24-48
F s Mntusedaaiuuems VRBD Uumne
ﬁqmw{]ﬁ 32.5+2.5 aaalded Wune 18-24
%"ﬂm mnasanulalaiiva gram-negative bacteria
Tenunansrany mnasalinulalaiaananli
NENUNINTIV LW

@aUFanae: Yile pre-incubation sample
U31na5 1 fiaaans aslusmsideada EEM USinas
9 193503 (Fthacad 0.1 NS MNUTNMSEe
aalilaiiadage 0.01 uaz 0.001 n$u sl
wasﬁqmwgﬁ 32.5+2.5 paenalded (Wune 24-48
#lus hedeatuuems VRBD usiwnziigumnil
32.5+2.5 psenalded Wunm 18-24 $laa @579
wmlAlailyps gram-negative bacteria S189IUKD

Togigunua probable number aauaalum 19N 1
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9199 1 USanas probable number 28940 sNadaUN bile-tolerant gram-negative bacteria®®

wanInadaunUsinmiiaasmadig

probable number 284 bile-tolerant

0.1 NSN 0.01 NSN 0.001 NSN gram-negative bacteria ABAIBDENN 1 NN
+ + + AN 10°
N . _ NN 10° waziaand 10°

1NN 10 waziaenI 102
#a8en 10

nInNedauny E. coli

Yulasrsazarading1anszaun1stanas
1:10 USanas 10 fiadans (fifladaede 1 nsw)
aaluemns TSB-LP USuas 100 Aadans il
ﬂmwwﬁqmwgﬁ 32.5+2.5 aafwalded Wunm
18-24 139 MnAassazaadinths Uines
1 §89a05 avluemns MCB U3nas 100 Tadans
ﬂmwwﬁ'qmw{]ﬁ 43 aenaded Wune 24-48
#lus chadoasuu MCA Uniwefigamnndl 32.5+2.5
svenaLded Wuna 18-72 Flug MAnUSn B
Talaiidanywsauas dndeliiilausaulalai Tioe
[#aaeuuens EMB ﬂumwﬁqmwgﬁ 32.5+2.5
ssenades Wuna 18-24 Hlug mnwusnuae
Talatididnigadaiasenaniszmeannlans
(metallic sheen) MM InadavEiugulagmsdanwnsy
mnidlu E. coli aswu negative rods (cocco-bacilli)
waznagaunslfinmavuaims TSI azwudu
284 slant wae butt FWded (acid) wazasruns
msuaulasanlad (CO,) Feazdunafiuiisasuan/
wan waz IMVIC test™ lag E. coli Tinale 2 wuu

f9 Biotype I = + + - - uaz Biotype Il = - + - -

NIINAFAIUBY S. aureus

Yulassazmadiagefiszaumsiaaa 1:10
USanas 10 fiadans (Filadedhe 1 n3w) aslu
TSB-LP U33a5 100 fiasans wludamwzd
aouMdl 32.5+2.5 avAuaded (Juna 18-24 il
Nntudedeatuuans BPA Uunwnziigunail
32.5+2.5 paFngaldes [Wuna 18-72 1lae N
wuansazlalalidansenseaulalzulaune 2-5

N3ENINFIANNEFASMSUNNEG
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a a

fadwas Mmsnadaviugulaamsdauunsy win
Wi S. aureus HoNAATUNTHUIN UaziianHo
nay Elgj‘i'mﬁ'm“ﬂuﬂiju (gram-positive cocci in
clusters) Nadau coagulase test lagld coagulase
plasma rabbit with EDTA #lduauin tie
Msudiee (clot) 284 plasma melu 24 Falas

NINAFaUKI Salmonella spp.

Fagoehe 10.0 n3u asluems TSB-LP
U331015 100 {95803 ﬁﬂﬂﬂmwwzﬁqmwgﬁ 32.542.5
ssrnwaded una 18-24 $las Yuladatzanes
0.1 uaz 1 adans usnldlunasedeiionms RVS
waz TTM U5598EMa0Aaz 10 HdaNS MUAIOU
ﬂmwwﬁqmwgﬁ 32.5+2.5 pamalded (Wunm
18-24 1l MNUE@EDaIUUEINS BGA, XLD
oz BSA ﬂumwﬁqquﬁ 32.5+2.5 NALGOLTEG
Hlunan 18-48 Falue manudnsarlalaizinadn
Tusela vu BGA wislalatidumanwazla dinse
lifigacasananuy XLD vialalaiidhma o
W3amuuI vu BSA mmsnadevdiugulaamsdaw
unsy nnilu Salmonella spp. azdandadunsuau
LLaxﬁﬁﬂwmeﬂugﬂViau (gram-negative rods)
nasgaumsliinmauueins TSI azlidiuwad slant
duea (alkaline) butt #1a4 (acid) wazaawu/ laiwy
d01289 hydrogen sulfide @598 U284 butt ¥n
NONSINANEMZUY Salmonella spp. 61‘15'7:1"18!,%8
‘ﬁmq 18-24 %739 BIUUVADABIMSEBIEE NA
ﬂuwaxﬁqmwQﬁ 32.5+2.5 aaFalded Wunm
18-24 i dudoasatuduna o WosUficnms
nanuuaiitiedngImanisunng d01duiqe

NN FATANTIIUGY
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MINedaunI Clostridium spp.

Yuassazmesiaiaiiszaumsina 1:10
U515 10 Jadaas (ﬁLf‘Iaé'hatiN 1 n54) aslu
2193 RCM-LP U3110135 200 §88305 U 2 270
NAWsINaday Clostridium spp. fogluglaos
Tiamnudaud 80°C Wuna 10 i M1y
MU mnuAIminee sterile liquid paraffin 276
fldaanaday Clostridium spp. Mliaglugialos
NuiIMe sterile liquid paraffin laglinas
Tianudeu nniwhlliuiigomaii 32.5+2.5
pamaded (Hune 48 $lue dradeauy
213 CBA fiiin gentamicin 20 faanineadns
danzluganzlsome ﬁqmwgﬁ 32.5+2.5 896N
wades (una 4s-72 $rlue mnnulalail
deau Wdhedannlalaiideusnasuuems CBA
funu 2 1 Teglvasaungunnanuaslaladiiiny
ihlusnuaiigavnil 32.5+2.5 sseniaidtea
o™ 48-72 il lugnnzunduazannzldame
wnnulalafideluannzlfameudlainuluaan:
Undlivmsdaaunsy wallu Clostridium spp.
srdondadunsnuinuazianwaziluguvou finse

luifiguas (gram-positive rods, with or without

spores) NAdaU catalase reaction AUFITaZAE
3% hydrogen peroxide lvikaau @a laitnanasiy
VINNOANTNOINANYUzYDY Clostridium spp.
N3 sub culture L‘%?aaﬂuwaaﬂ CMM s
mMsaulaameuay imnuiiawieme sterile liquid
paraffin ﬂuﬁqmwgﬁ 32.5+2.5 avAaded (U
1 24-48 1l Mntiihadwasfiimsuuaiide
some amiuiaeinenanaasanssuge lanT7
mwﬁﬂﬁuﬁ:wau%ya Clostridium spp. TINDNE1TNY
waqﬁ?a C. perfringens

tnaginsUszifiuma: Ussiiunaqmuniw
miﬂmﬂyauﬁwaqﬁuw‘%ﬁuﬁaashqmmnm%ms
8ONFUAMMNMUITVINENYBIHEN I 61N THP
2020 (Acceptance Criteria for Microbiological
Quality : THP 2020) ] Category 1A gn3ulszmu
ﬁm%mwnmsaﬁ’ﬂayulwsﬁqw'mﬂszmumiaﬂ
qaumddudr il Ao ewsnilunasion 1dud
gUseas ensInaure Category 2 enSuszmui
m%smmﬂmgulwslﬁmw%awau%qshuﬂs:mumiaﬂ
Jaun3dnauld luitil Ao 179 uaz Category 4 e
Sulssmuiiedaunnaulwsisiunians Tuiidl fa
ALY BEN LazeNgNNaaY fauaaalumsnad 2

P3N 2 INATINTEBNTUAMMNIIUTTVINEYBINEAA MY (Acceptance Criteria for Microbiological

Quality) ea THP 2020"

Ay S1ENSNAFAU

Category 1A

Category 2 Category 4

1 Total aerobic microbial
count : CFU/g

2  Total combined yeasts and
moulds count : CFU/g

3 Bile-tolerant gram-nega- -

tive bacteria/g

4 E. coli/g fagliny
5 8. aureus/g -

6  Salmonella spp./10 g aodlainy
7 Clostridium spp./g fagliny

#aalaixnAN 5x10

@aaluanNI 5x10

3 7

v 1] 1 v 1 1 5
#aalaiannN 5x10°  @aaluInn 5x10

2 5

aaaldannni s5x10°  @aslinnni sx10t

- aaalyxnna 10°

aaalainy aaalainy
aadluny aadluny
aaalainy aaalainy
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U 65 aui 2 wwey - 9w 2566




Thailand’s Situation of Microbial Contamination in Traditional and Herbal Medicines

Sirada Pongmuangmul et al.

msmmm"nﬁﬂﬁuﬁ: (species) mam%ya Clostridium
spp- swﬁamsﬁvwa\uﬁya C. perfringens
Tagvasufunnisuuaiisaliannia aatuive
Inenenansaarugy

wa3asiiauazaunsal

goutmsidenungil 35+2 avazalded
(Memmert, Germany) (ZIT‘IJS’Iﬂﬁ)’IﬂL%a (NuAire,
USA) winaalnihanuazBaanadion 2 e
(Mettler Toledo, Switzerland) mémlﬂ'uﬂ%mm
aﬁﬁ’uqﬂisu (Labnet, USA) %o agarose gel
electrophoresis (i-MyRun, Japan) Lﬂ%}mﬂ"lﬂmw

LaLIATILHHANNUEULAS (Syngene, Switzerland)

ﬂﬁﬁTiLgﬂﬁL%”BLLﬂgﬁ"ﬁLﬂﬁ

mmitgﬂwﬁaz Wilkins-Chalgren Anaerobe
agar, Wilkins-Chalgren Anaerobe broth (Oxoid,
England) AnaeroPack-Anaero-2.5 L (Mitsubishi
gas chemical company, INC, Japan) starch,
arabinose, dextrose, fructose, lactose, maltose,
mannose, mannitol, salicin, sucrose, xylose,
esculin, SIM, nitrate, litmus milk, gelatin, urea
ez egg yolk agar (Fhela3anamsiaeaEouas
\niasiiovUanniide anUITEIMeNmansaaN M)

#151@8: GoTaq Promega reaction buffer,
magnesium chloride, dNTPs, primer, DNA
template,

bromide, DNA marker %1 100 bp + 1.5 kb DNA

agarose gel, TBE buffer, ethidium
ladder (Sibenzyme, Russia), deionized water

msmsmﬁuﬁ'wnﬁmﬁ'uﬁ:wm Clostridium spp.

L‘W‘lxL%ﬂu%ﬁ%§ﬁlﬁlﬂﬂﬂ‘ﬁaﬂﬂﬁﬁ’aﬂﬁ’iﬂ‘]
gudinenenanimauwngi 3 uasaIIA uasnaday
aantdneiuail ieaduunuaziuduindy
C.perfringens, C.bifermentans, C.sporogenes,
C.sordellii w38 Clostridium sp. MUMS YIS
NN TITE I Mmansans gy

N3ENINFIANNEFASMSUNNEG
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Msanamduan C. perfringens

igeinasaulfisendaeiiuazduduiy
C. perfringens NFNARLDUDMEID lysis buffer
Tngl#lalailuaadaiadyun Wilkins-Chalgren
blood agar 2-3 lalali aazarelu lysis buffer 1
U309 500 lulasans Unflaamail 37 asrnuaied
unm 15 ndi il duwiesiionuda 14,000 50U
dawndt iflunm 2 i gadlanuazazmenznay
me lysis buffer 2 USanas 200 lulasaas unlu
water bath ﬁqm‘wgﬁ 56 avAmaded (Uunm
60 i Mntwhliuwieeiianud 14,000 sau
downdt iunm 2 it gadlafiulii -20 asm
waded ansuldiilu DNA template lumsnagau
Multiplex PCR a4

MINadaududULazILUNBUFIIITIINY
@835 Multiplex PCR

M3 Multiplex PCR tiashuun C. perfringens
type A, B, C, D, E 8z enterotoxin-producing 1o
Twswashiianuswzaamunisasiy cpa, cpb,
etx, iA U8z cpe MuI5UDN Heikinheimo A and
Korkeala H*? uaz Meer RR and Songer JG** il
seuazaslnswes dwdaddumei s Tagld
PCR reaction mix (GoTaq DNA polymerase,
Promega, USA) USinasiunavue 25 lulasans
Usznauma 1X Green GoTagq Flexi Buffer, 2 mM
MgClZ, 0.1 mM dNTPs, 0.1 uM each primer,
2U Taq DNA polymerase, 30 ng DNA template
wazdsuusnaseie sterile deionized water
NN mMsiinTIuiueLA3es MultiGene
Gradient Thermal Cycler (Labnet, USA) oy
Tusunsudail pre-denaturation figaunaii 94 99
waiBed (Wunm 5 il denaturation Mgy
94 asenmalded (Wunar 1 wH DY 35 sBU

a =

annealing igeumndl 53 svenaded Wy 11

u
a =

extension figaumndl 72 avewarded Wuna 1 1

U

uaz final extension figaunail 72 svenzaded 1y
N 10 WA
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@37988u PCR product 7iledaeda agarose
gel electrophoresis las1n PCR product 10
lulasans neanaslu 29 agarose gel Tanszualuih
100 V Juna 50 wit Mntudanuiuaadie
Ethidium bromide (EtBr) ©#359d2UNANE®
PCR product melauasdansrilatanuwazae
sufeaias Gel Doc WisuifiBvaunanasuny
PCR product ﬁlﬁ'ﬁu DNA marker #ia 100
bp+1.5 kb DNA ladder (Sibenzyme, Russia)
msulanaseuiiieu PCR product :In@td 10284
C. perfringens type A, B, C, D, E 8z entero-
toxin-producing C. perfringens type A i
FAMIUANKAUIN (positive control) nIsHUEY
HaMINTIANVLINGZEY PCR product laannyiia
Wug2ee C. perfringens udauou PCR product
YDNEU cpa VU 400 bp uazMINuUn C. perfringens
type 614 9 axadaulannznauazgluuuees PCR

product ﬁlﬁfl, C. perfringens ATCC 13124 type
A udaou PCR product 2838U cpa 2u10 400
bp C. perfringens NTCT 4914 type B ooy
PCR product 28481 cpa, cpb Uaz etx YUIN 400
bp, 196 bp Waz 655 bp Mua10U C. perfringens
NTCT 10719 type C waoauwayu PCR product
294U cpa WHT cpb YUIN 400 bp Udz 196 bp
aNa10u C. perfringens NTCT 8346 type D
Ud09Lou PCR product 2848 cpa uaz etx
2UIA 400 bp Waz 655 bp MUY C. perfringens
NTCT 8084 type E waaauau PCR product 2898y
cpa Uaz 1A VUG 400 bp LEE 446 bp MNSINU UL
C. perfringens DMST 51427 type A+enterotoxin
uaaaLou PCR product 28498U cpa Waz cpe 2110
400 bp wdr 233 bp MUY HNSUNFNAIUAN
WaaU (no template control) 1% sterile deionized

water (N1 genomic DNA

5199 3 Iwswasansumsiuunsiinves C. perfringens Mmenaiia Multiplex PCR

., aeuiealalng WANIUDD Y
Twswas dlu 81994
(5'-3" (bp)
CPA-F TGC ATG AGC TTC AAT TAG GT 400 cpa Heikinheimo and Korkeala
(2005)

CPA-R TTA GTT TTG CAA CCT GCT GT
CPB-F GCG AAT ATG CTG AAT CAT CTA 196 cpb Meer and Songer (1997)
CPB-R GCA GGA ACATTAGTATATCTTC
ETX-F GCG GTG ATA TCC ATC TAT TC 655 etx Meer and Songer (1997)
ETX-R CCA CTT ACT TGT CCT ACT AAC

IA-F ACT ACT CTC AGA CAA GAC AG 446 iA  Meer and Songer (1997)

TIA-R CTT TCC TTC TAT TAC TAT ACG
CPE-F GGA GAT GGT TGG ATA TTA ACG 233 cpe Meer and Songer (1997)
CPE-R GGA CCA GCA GTT GTA GAT A

We

o o P & a o o
MsdsamumsainsUuiauardunie
1u673atiwmaagulwmazmLmu‘[mﬂm Yavudszana
W.A. 2564 (hudmstlasguiineneansmsunng
3 1 & o = a £ o’t!' 4 (% 4
79 15 wii MUsznd Aatdanudaanainiuldsend

[ % 's

wrNley VIBNANNNNNNEDATINUIEFEY ¥3D

[ 4

HANAMALAUYDINUN NIUUWDE 4 WEA AU
FINTNEU 60 nag wumsduileuaqdaunid
T g o o o v
lairhunarimyuaay THP 2020 91434 28 (08N

a < v o ' o o

Antluseeaz 46.7 Taawusae e laiunamion
THP 2020 6138 1 @4%6) 13U 12 688N waznae
AUVNTINNUAG 2, 3 UDE 4 TILUE NUIU 9, 6 UL 1
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MBEN IO ﬁ'\i‘ﬂ) total aerobic microbial count, maﬁuﬁuﬁﬁﬂﬁ’uﬁ:wuinﬂu C. perfringens type A
Clostridium spp., bile-tolerant gram-negative d5Na 5N Alpha toxin ﬁy’q 19 MBEN KAMINATDU
bacteria, total combined yeasts and moulds Multiplex PCR ﬁﬁttﬂﬂﬂumwﬁ 2 41 fegN
count Waz Salmonella spp. DUIU 19, 19, 12, 1 ﬁwu C. bifermentans ﬂuLﬁauéauﬁaﬂ LOLHBEUEU
war 1 918Ms Muaau seuandlumsed 4, 5 sz Salmonella spp. MU 1 MIBEN WU Salmonella
mW‘vdll 1 Tmaé’hatiwﬁ'mnwu Clostridium spp. serovar Aqua

P d(ly d%’ a = o 1 d' 1 T s °
MINN 4 Namsﬂuvﬂaumaa{aumzﬂumamwmuuaﬂ.nmummﬂmmu THP 2020 NLLUNMNIIENINOTDU

P 4 a - 7
uansluilauaaunsd

Ay Finen ?ﬁf' imj‘ o ﬂjgiﬂw @alSana : CFU/g  dadSsnauazauan AN
MU dudn Hudo : :
a b c d e f g
shaghaiiknunasi THP 2020

1 v unlya e Tsawenasy  3x102 <10 A A A A A
2 hnzanalas unlza awu Tsawennady  2.5x10  2.0x10 A A A A A
3 E9NDUE i Geadlud  Tsawenwnady <10 <10 A A A A A
4 edumiam unlya Heum Tsawennady  8.0x10 <10 A A A A A
5 dhmsaalas unlya gesil Tsswenuasy  2.7x10° <10 10° <x < 10° A AA A
6 NSUWINLUN ualya giesil Tsanenunasdy  5.5x10 <10 A A A A A
7 AgINUYN ualya GEATE Tsawenwasy <10 <10 A A A A A
8 W uAlza GRRTE Tsawenwasy <10 <10 A A A A A
9 vhnzmalas ualya TR H] Tsawenuasy <10 <10 A A A A A
10 dhnsaalas wadga Uy Tsawenwady <10 <10 A A AA A
11 sydidumzane ualya umg3 Tsawennady <10 <10 A A AA A
12 wiiudu watga  uaswun  lswenwnadsy <10 <10 A A A A A
13 EWENWEITIRNG  uAlya 20350l Tsawennady  1.5x10° <10 A A A A A
14 hnzanalas watga  @nauas  lswenwasy <10 <10 A A AA A
15 enanayulng gnnaau  uaszdn  lsawenwnady  9.1x10° <10 A A A A A
16 fhnzanalas uaga y3sng Tsawenasy <10 <10 A A AA A
17 snevaayv3 annaau #54 Tsawennady  6.0x10 <10 A A A A A
18 ihnzanelas unlya Winga Tsamenwasy <10 <10 A A AA A
19 W unlza 490 Tsawennady  1.7x10° <10 10 <x< 10’ A A A A
20 Vhnzanelas wadga  gnugiondl  Tswenwnasy <10 <10 A A A A A
21 NFVATIT unlza HUWT Tsawenunady  4.5x10 <10 10 <x< 10’ A A A A
22 wiiutu ualya gz Tsswennady <10 2.0x10 A AA A
23 EHANNYIIRNG  uAUYD GG Tsanenunasy <10 <10 A A A A A
24 aaulnsnu uAlza GNATE) Gl 5.4x10° <10 A A A A A
25  NINLATDYN unlza Unuanil tansu <10 <10 A A A A A

N3ENINFIANNEFASMSUNNEG
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manil 4 wamstuitloudedunddludmateithuuas likunasionu THP 2020 Muunausismsnasau (dg)

mamsﬂuﬁjamﬁaf-\gﬁuﬁif

o o - Pt W0 dszan — n =
GRIZAT] UMY o o A v o Wl 1 CFU/g  dBalSanauazaman AU
a3y WG WEDG
a b c d e f g
26 EINANNDITING  UAUYa Unuanil LanNAY 4.2x10° <10 A A A A A
27 eUnuzuwnil  ualye uuUNY3 Lanyu 3.7x10° <10 A A A A A
28 4 unlza uasUsu Ghpat <10 <10 A A A A A
29 Whnzanalas uplza  aynsUnms Lanyu <10 <10 A A A A A
30 ENaNaEDNT uAlya BYI LN <10 <10 A A A A A
31 Vo annaay GAKER LaNYAY 7.6x10" <10 A A A A A
32 €N unlza Wnga Lanyu 7.0x10° <10 102 <x <103 A A A A
(3 (=Y BEIR) o
cadnailithunai THP 2020
1 oduguy ualya Welen Tsawenuasy  5.5x10°  2.0x10 >10° A AAP
2 wiluty watga  Wwalan  Tsawenwady  s.5x10° <10 >10° A A A A
3 aiuduy watga  mgauyd Tswenwasy  3.7x10° 8.3x10° >10° A A AP
4 giuty wnlga  wueame  lwwenwady  1.2x10° <10 10 <x < 10’ A A AP
5 giuguy wodga  wnems  lswenwasy  Loxi0” <10 >10° A A A A
6 Vhnzaalas wadga  2euuAu  Imwenwasy  s2.5x107 <10 10 <x < 10” A A A A
7 EINTNAR 712 aldos Tsawen1asy  2.0x10° 1.50x10° >10° A A AP
8 fhmzaalas ualya Wnaa Tsawenasy  1.9x10°  2.8x10° A A A A P
9 HHIEN3 WY RN Lanyu 5.7x10°  1.7x10" >10° A A AP
10 #@vaN # awu tanyu 4.3x10"  1.6x10" 10 <x < 10 A A AP
11 ayulwsn ualza wws LanNTUY 1.8x10°  7.0x10° 10 <x < 10° A A AP
12 nIzHEEm ualya nuaylan LanNAY 7.4x10°  1.1x10° >10° A A AP
13 eunld W wwylan LanNgY 3.7x10° <10 10 <x < 10° A A A A
14 ey B sl DA% 4.0x10° <10 A A AA P
15 ity unlga  nyunwY Ghpat 9.8x10° <10 >10° A A AP
16 ayulwsiedon ualze LCITE @YU 1.1x10" <10 A A AAP
s
17 #UsIMIadgen  ualya UM (DALY 4.1x10° <10 10 <x < 10° A A AP
3
18 MNATEIN ualza [GL] Lkl 3.5x10°  2.8x10° >10° A AP P
19 enszas g1 Muaug LanTUY 5.0x10"  1.6x10" A A A A A
20  YNUHY walza Muaug anTU 6.3x10"  2.4x10° >10° A A A A
21 hnzanalas ualza duns LanNYY 3.7x10°  4.7x10° 10 <x < 10 A A AP
22 YUy unlya WYTY3 oYU 6.1x10°  5.0x10 10* <x < 10° A A A A
23 endEIva W gnuginil Ghpat 1.8x10°  7.0x10 >10° A A AP
24 euRuluTIn annaau M Lanyu 7.8x10° <10 A A A A A
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il 4 wamstuiloudagdunsdludmataithuuas likunasmionu THP 2020 Muunamussmanagau (dg)

mamsﬂmﬂamﬁaﬁgauw‘%ﬁ

o o - Fart) VIR dszan - n =
ey AU o o v o v o wlsana - CFU/g  iisdSanaazamniw LBIAUNIN
[ZRT] AAET WHan ’ :
a b c d e f g
25  thmeaalas wAlYa  UATAIFIINGIY LaNAY 8.5x10° 1.2x10" >10° A A AP
26  ULHY unlza UATASEIINTIY Lanyu >2.5x10" <10 10 <x < 10° A A A P
27 #ING ualza ﬁwqq Lanyu 1.1x10° <10 10 <x<10° A A A A
28 ENEAINENIIU ualya A5zl LONTU 1.2x10°  5.0x10 10 x < 10° A A A P
#NUAYN

wIULHA : mMInadaulBeUsana (CFU/g) a: total aerobic microbial count W&z b: total combined yeasts and moulds count
MINaFaULBIUTINY (probable number) udzAMMN c: bile-tolerant gram-negative bacteria MINATBUTNAMMNN
d: E. coli, e: S. aureus, f: Salmonella spp. ua¢ g: Clostridium spp 198 A = absence (a53ldwu) P = presence
(997ANY)

M 5 MU RNINUlIUNNEIGE 1 MWAUANAIBERTINAUAIG 2, 3 UAZ 4 GG

Sunuamaing - Sudradisiing Mmnusnemsmagaviinuiama liiunasi
Taisuenoust Taisuenoust a b ¢ d e £ g
1 12 5 - 1 - - - 6
2 9 7 1 4 - - - 6
3 6 6 - 6 - - - 6
4 1 1 - 1 - - 1 1
Eety 28 19 1 12 - - 1 19

HAYLNA © @116 a: total aerobic microbial count, b: total combined yeasts and moulds count, c: bile-tolerant gram-negative

bacteria, d: E. coli, e: S. aureus, f: Salmonella spp. w8 g: Clostridium spp.

20 19 19
12
10
1 1
0 | |

Total aerobic ~ Clostridium spp.  Bile-tolerant gram- Total combined  Salmonella spp.

LN euai

a
Tuaninal

MUIUNYNMTNATBUNNUL

microbial count negative bacteria yeasts and moulds

count

= a L ¢
FeN1INAEBUNNULUUEN LMG!'lﬁJ NIULNEUN

Mui 1 Nemsnadsuinuiluamgihlddagelishwnasionn THP 2020
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1,000 bp. =—
[en— [S—]
500 bp. = B _ A
cun Ganl G GO GO ) e G e G e s
— ey :
100 bp.  m—

NN 2 Wamnasau Multiplex PCR tWauansiiawa Clostridium perfringens; M

100 base

pairs + 1.5 Kb DNA ladder, 1 = drpgniaidauananenayulwssiiuzy, 2 = diagie

AfausnNnENNTe, 3 = fethudeirauannnihnzmalas, 4 = Matadandauananen
A0S, 5 = Srethadafidauenainivan, 6 = C. perfringens type A (ATCC 13124) PCR
product UG 400 base pairs, 7 = C. perfringens type B (NCTC 4964) PCR product
YUN 400, 196, 655 base pairs, 8 = C. perfringens type C (NCTC 10719) PCR product
C. perfringens type D (NCTC 8346) PCR product
2UIN 400 and 655 base pairs, 10 = C. perfringens type E (NCTC 8084) PCR product

2119 400 and 196 base pairs, 9 =

UM 400 and 446 base pairs, 11 = C. perfringens type A with enterotoxin (DMST 51427)

PCR product 21470 400 and 233 base pairs, N = negative control

Wasuunarundadasilusendurniiou
wAnAeiitsaa I NegILasHANA QI 10U
26, 11 Waz 23 o wulsrunam nuIu 13,
3 way 12 fedn Aalluseear 50.0, 27.3 uae
52.2 NNEIAU Gaudaslumned 6 uunmazie
29aN U ININIDGATAITUNMTHEN WURIDENTIZ
(Category 2) lushuinaispeas 100 MaENNLiin
h (Category 1A) lusunIISB88E 50.0 UaL
Mg nrlioualys W uazgnnaau (Category 4)

Taishutnamisagas 45.6 daudaslumsii 7 Taeflu
A Aaiinaennlsanennarasszuasilsenay
MSLENTU MU 31 WAL 29 MBENe wulsimuinamt
U 8 uae 20 Mo Aadlusesas 25.8 WAL 69.0
MU Lﬁ"aahLLuﬂimQﬁmﬂtﬂuwamﬁmﬁmﬂmﬂ
witle na aziusaniieawniie wazld uIu 14, 17,
13 waz 16 o wulssunam MU 8, 5, 8 Way
7 ede Aaduspeay 57.1, 29.4, 61.5 WAL 43.7

MNAIOU AILFA UMD 8 wazMWN 3
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M3Nf 6 PUIULAzIaBazYpIcIRdNTKan sUuUauegdunddiutnasiuas L unamiawun

MNUSEANHAN N UN DTN DL

. NUIUAIBEN
Uszian #HAMIBEN -~ : Pa— — .

185y dhwnaw  Sasaz Taisinu Sagaz

a X I'd Y
HANNEUN W']‘V]SR'IEII‘\)'SLLF]“IJEQR 13 9 69.2 4 30.8
Tusand wiuduualyga 11 3 27.3 8 72.7
wraeu 1IMLATBNILAUYD 2 1 50.0 1 50.0
I 26 13 50.0 13 50.0
NARAUNNHNEDA BTN 1 0 0.0 1 100.0
NV EUIIMIAFNNNNIUAYYD p) 0 0.0 2 100.0
unUya 3 3 100.0 0 0.0
EHANLNGTAIRNOUAYTS 3 3 100.0 0 0.0
wznNuNUAUYa 2 2 100.0 0 0.0
TN 11 8 72.7 3 27.3
NN U LAY 11 2 1 50.0 1 50.0
2RINUN NWHULUUBTA B 5 0 0.0 5 100.0
euaUyadu 12 7 58.3 5 41.7
annasu 4 3 75.0 1 25.0
FRLY 23 11 47.8 12 52.2
FINNITY 60 32 53.3 28 46.7

] s

MINA 7 DULesIgazupssgnamsUusuardunsgiunariuaz laiun el Huunmugiie
209Ul NINIBGNTETUNMIHER

. NUMIBEN
Uszian THAMIBEN > : PR — P

Tosu  swnaei  Sasaz  Lishwnasi  Seway

Category 2 21293130 1 0 0.0 1 100.0
Category 1A enukulunaaiinu 2 1 50.0 1 50.0
Category 4  enunulumaeiinn 5 0 0.0 5 100.0
EUTIMINFNNNNTUAUYD 2 0 0.0 2 100.0

viluFuualyge 11 3 27.3 8 72.7
AMIATBUNILALYD 2 1 50.0 1 50.0

guAUgeau 12 7 58.3 5 41.7
ihnznelasualya 13 9 69.2 4 30.8

annaau 4 3 75.0 1 25.0

TunUya 3 3 100.0 0 0.0

EINFNNTTTIRNAUAUYD 3 3 100.0 0 0.0

NeULEALAULS 2 2 100.0 0 0.0

37u Category 4 57 31 54.4 26 45.6

TINNEY 60 32 53.3 28 46.7
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UWAINAAENHMA
oo - IMNUMBEN
UHANEANBNHAA — : — — —
Tosu  shwnaw  Jesar  Lidhwae  asas
Maniia 14 6 42.9 8 57.1
- Tsanenunavessy 8 6 75.0 2 25.0
- YU 6 0 0.0 6 100.0
MANN 17 12 70.6 5 29.4
- Tsanenunauaesy 6 5 83.3 1 16.7
- BnTU 11 7 63.6 4 36.4
manziuaanfemile 13 5 38.5 8 61.5
- Tsanenwownsiy 9 5 55.6 4 44.4
- NYY 4 0 0.0 4 100.0
mala 16 9 56.3 7 43.7
- Tsanenuaunsiy 8 7 87.5 1 12.5
- @NYY 8 2 25.0 6 75.0
miszine 60 32 53.3 28 46.7
- Tsanenwounssy 31 23 74.2 8 25.8
- NYU 29 9 31.0 20 69.0

wamsdaaumnaumaluiiauzaaie
qauvid lumnayulwsuazanusnlunamninlszna
vldnsvaarunsaimsduitlauuasgdunid
Tusdadnmiganan laswuhniindannlsmenng
sasSafiaumnganhminaanniansu uihn 2o
o Ailairunasisesguaansuaziinz e
sudfonn MilwuhduhuHaneen 12w
UFEN 7 Wia waAmAENTL 1 UM Wladuunaa
pime wuhmeezivesnideumilaiisisdalamiy
nasigage Aafiudesas 61.5 uazwuamaRily
dadldiunariaamwey THP 2020 534
52 5785 oW total aerobic microbial count,
Clostridium spp., bile-tolerant gram-negative
bacteria, total combined yeasts and moulds

count waz Salmonella spp. MU 19, 19, 12, 1

waz 1 ems muaau Taadaaiiwuaive total
aerobic microbial count Luehunaet Wudiaeha
s Category 4 17U 18 saghs wumsiutilou
agluge 5.7x10° 9 1NN 2.5x10" CFU @ansu
wazaIae NN Category 1A U 1 6deN
wumstudiau 5.0x10' CFU dandu dhudadhad
EuLne 41 Maene Wueiaegheamu Category 1A
1 1 fethe wumsdudlawipenh 10 CFU
@AaNsN MaeNMN Category 2 MUIU 1 AIDEN
wunsUudlou 2.0x10° CFU dansu dro8s
gu Category 4 MUY 39 7IDEN 1ag 16 AIDEN
wumstuileuiasnii 10 CFU dansu uaz 23
dhaths wumatwilauagluzng 2.5x10 f3 4.1x10°
CFU @ansu
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iawSsuiisunanisanwiulsznie
NIENTNATITUG o NUANATTIUNANNUITING
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i uwdasasianulnsiiunsieundinessden
¥3030u39 .. 2564 Ussmalusigfaangune
Suit 1 Sunewn 2564 wazteduldilawumuue
90 Yu fuudiulszmalumnzisnyunwiu
NanAMeN Category 1A wae 4 289 THP 2020
Wueasudssmuduidenfunaadasiayulng
Uszaniudsemu o, nudsemAnsEnINEIe TG
.6, 2564 tnasimmuamsUuiiauwad total aerobic
microbial count Tus@anaai 1 n5u wulalaisnanh
5.0x10° CFU whliidhagneiiwumaiuiiaualy
%79 6.3x10° 84 4.1x10° CFU lalshutnausitiin 9
e Nl unue 28 Mede Aallusaeas
46.7 msvwiiiou total combined yeasts and moulds
count Muua luEdaA 1 058 wulalsiannnin 5x102
CFU vhlsfiidhahainunmsdloulugie 1.1x10°
89 1.7x10" CFU lashwnasidin 4 ¢aaghe 593
Tishwunasd 5 shathe Aefludosay 8.3 mstuiiou
bile-tolerant gram-negative bacteria MAUANU
mstuilouldliinnnh 10° dendu vldiidaada
Fwumstudiaugrnnnd 10° waziasni 10°
Taishutnasiviin 4 frag sanlaishunasd 15
et Andusaeas 25.0

msiuilouda Salmonella spp. My THP
2020 Myuac o linulundanue 10 ASH uamN
UM ANIENTNETITUTY W.A. 2564 AWUNGHDI
Taiwulusdasast 25 n3u denlwiilemalumsasia
WU Salmonella spp. lundnAeigandn arums
ﬂuﬁjam%wa E. coli Loz S. aureus ﬁ"'u a5 laiwuTy
HAe i 60 dhaths Taelunsdiues S. aurues 1
uaa Ao funiulszmuay THP 2020 was
UszmAnsensnNansIsagy w.a. 2564 Lulamuue
inainumuudadgle udulainmsanidnasa
S. aureus Fduaamuualilulszmeadninny
ARENSINMIBNIMSUazEn avulszmamly @y 121

ADUNLAY 43 B9TUTl 21 WEIBY WA, 2547 SANN
ANz

miﬂul,ﬁau Clostridium spp. \DAMAUA
3 THP 2020 4aztsemanIsesnsNaIsI Ty w.a.
2564 Laighedu athinaila Multiplex PCR anld
asndufuriionushuiumsasaseuiuiinuas
MIF59E1WY WU C. perfringens ﬁy’wmﬁ
asanuludegaiy C. perfringens type A i
a5 cpa imuguMsETNNTRriia alpha
toxin %38 taulysl phospholipase C lagazuans
Qmauﬁ’&wmtaulﬁﬁ lecithinases gipgaag lecithin
UUDIMS egg yolk agar™™ §a0A8pINUNANIANE
289 Yoz WINlning wazams lavuunaia
Multiples PCR asaadaudiunaniimugumsasi
asE MU 4 8 leWA cpa, cpb, etx ude iA uavdu
§5NaN5WH enterotoxin (cpe) 24 L% o C. perfringens
fusnldnnayulns dnnu 112 st Fufusiuss
Toansainenemansmsunng serintl w.6. 2555-
2562 WUy C. perfringens type A 112 §haeha
waazwuiufiedaaiun138$19 enterotoxin
(cpe) 3INGNY NN 6 BUANUS Fenuludaths
anuls 4 oiia laun enndeidi (2 o) ingsazna
(1 fpehe) dnvnuth (2 §ethe) wazaiiudy
(1 mMve)"?

WaRasanmuUssinnuaswdasue wud
wAAAMeATisaaTIMNege 1L 11 G
U5EnDUemMe 21ZNTNIAN EUTTMIATINTINIUAYZD
TuAlge eIHENNEITIRNAUAUED wasNsINUYN
wAUYa MUY 1, 2, 3, 3 UaT 2 AIDEN WUKIULNMIA
geflge Snnu 8 dedn Aadlusesar 72.7 Uade
S liiunasity dasmngudadiulug
Gonldiagduiithumsmesdunuan druwdodosi
Tsendumndsunndradeildsu Usznaudae
hnsaelasualyn aiuFuuneiys uasnmieiam
wAUYA MUY 13, 11 UAE 2 MIDEN MUY TIN 26
Mg wurunu 15 aaee dadlusasay 57.7
waeldiiuhudifundesaeiilasumsduasuan
wnemhenunResa Lwiﬂmmwei"mmiﬂuﬁjau

N3 ININTENFNTNSUNWNE
U 65 aui 2 wwey - 9w 2566




Thailand’s Situation of Microbial Contamination in Traditional and Herbal Medicines

Sirada Pongmuangmul et al.

v
<~ a

@odunidanunae linn wazadadaiauidy
Sadnwaluasiui S 25 et Usznauds
nunulumaiion susulunosiog gunlya
au 1 UATENGNNABU MNUIU 2, 5, 12 LD 4 AIDEN WU
unaianiige fe 91w 11 daeshe Aadludasas
47.8 \ilasnnguaaunenaduuMenem wia
mugﬁﬁﬁymwcﬁg\aLauLtagwémﬁmﬁmﬂmjﬁdmwau
yovanulwsnarsile %ﬁﬂﬁﬂmquqmmwazﬁﬂﬁ
Ennmfﬂwamﬁm%ﬁmmnaqﬂwmﬁ'm

UsztliuamudsemMaAnsenTNasIsUgY W.6.
2564 lummwsinn 60 fehe wuldshutnast 1w
32 ghathe Anlludesar 53.3 Taswudadheiily
ENULNAUTIANE 1 §1LWE) U 16 61BN Uazriang
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Waz 1 faEhe 3IM 73 TIEMS Gail total aerobic
microbial count, Clostridium spp., bile-tolerant
gram-negative bacteria, total combined yeasts
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Thailand’s Situation of Microbial

Contamination in Traditional and Herbal

Medicines in 2021

Sirada Pongmuangmul', Chutima Jittaprasatsin’, Piyada Wangroongsarb®, and
Ladda Poolsawat*

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

’National Institute of Health, *Medical Sciences Technical Office, ‘Bureau of Drug and Narcotic,
Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT The Thai government and the Ministry of Public Health are currently promoting the use
of herbal and traditional medicines, as the trend for natural products is growing rapidly. As a result, it is
important for manufacturers and state agencies to ensure the quality of these products. In the fiscal year
2021, the Regional Medical Sciences Center 3 Nakhonsawan and the National Institute of Health surveyed
the microbial contamination in herbal and traditional medicinal products from 58 entrepreneurs across 43
provinces. The products selected for testing included product champions, best-selling products and outstand-
ing products, with a total of 60 samples, including 26, 11 and 23 samples from each category, respectively.
The survey tested for microbial contamination using the Thai Herbal Pharmacopoeia 2020 (THP 2020)
and found that 28 out of 60 samples (46.7%) failed to comply with the THP standard, with 13, 3, and 12
samples from each category, respectively. The results showed that 19, 19, 12, 1 and 1 samples were con-
taminated with total aerobic microbial count, Clostridium spp., bile-tolerant gram-negative bacteria, total
combined yeasts and moulds count and Salmonella spp. Respectively. Among these samples, 31 samples were
collected from government hospitals and 29 samples were obtained from private manufacturers, of which 8
(25.8%) and 20 (69%) samples, respectively, did not comply to the standard. The result revealed that
the products from the Northeastern region showed poor quality since 61.5% of products did not meet the
criteria. To address these issues, manufacturers should consider GMP process such as washing raw materials
with clean water, protecting from dust during production, drying raw materials at optimum temperatures,
or using gamma irradiation. This survey provides important information for relevant agencies to improve

the quality of local entrepreneurs’ products to meet the official standard and ensure consumer safety.

Keywords: Microbial contamination, Herbal medicine, Traditional medicine
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Annsinnmanluiladad un wasld dremaiia LC-MS/MS smsmslunguenan 3 oiia loun laman aaod
fieoa uaziiieon Tuesnideniu dielildidaianuhmnzguazasviensidsnaldlussauiingwne
Muue lasannalngNals acidic acetonitrile mﬂmzﬂauuasﬁﬂﬁﬁqwému hydrophilic-lipophilic-balanced
(HLB) SPE cartridge waza53930Usunauanlasauaia multiple reaction monitoring (MRM) Sailfidenda
PDIMSATINAINNU 0.005 Faansuaadlansy InNNamMIINBUSInany 0.01 Tadnsuaadlansy anuLNy
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daily intake; ADI) (ynNU 0.005 NadNIHNITINIBG
wanloaudadlanfuhuingr® dagiuivars
Uszinadidganuld PQ ilssnndanufluiwain
msldmiaiaiizuaaunsasns mldhgiamialaan
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masszauiivue suluiadnd un uazld fidn
Myua (method detection limit; MDL) AU
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famuna lifindu dndwmnhelugunaman vilalafly
Fuaufuiaiesandsiimadnduaznaunuasliuuas
msihldo@eumniigon®
finsnuunemddelumessmeaianiu
051909 PQ, lamaa (diquat; DQ) Aaasi
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MS 7adresuian As Iilssansamwmsanagalu
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aNFI1IUEY waz codex 9lFen 0.01 Hadnuaailanu
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Analysis of Quats in Meat, Milk and Eggs by LC-MS/MS

Rattiyakorn Srikote et al.

PQ, DQ, CQ waz MQ lutinuazualsl uwazlathums
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a3 ISO/IEC 17025:2017 M IANMIWRILNBEN
daiilaailasasiudammuamunguang Tagdsd
wannaulddmiuamaiensiaangumanly
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#5t0%: methanol (MeOH), HPLC grade 5:“
11107807034 (Supelco, Germany), acetonitrile
(ACN) HPLC grade 51 K52651891034 (Supelco,
China), ammonium formate, (NH,HCO,), AR
grade U 102315819 (Sigma-Aldrich, India),
formic acid (HCOOH), AR grade, ’j:u K34234564503
(Merck, Germany) 815azag acidified methanol
wseNlaensUile formic acid 1.0 Hadans aslu
volumetric flask 211@ 100 §iadans i MeOH waz
USuuSanasidlu 100 §a8305 me MeOH, mobile
phase 20 fadlua1§ & ammonium formate
pH 3 1038ulasn1549 ammonium formate
1.261 N3N azmﬂﬁlufwﬂgu (3 formic acid 1.8
J9dans Usuusuaslviasy 1,000 §adans aae
WnaY, 0.5% v/v formic acid 1u ACN was
0.5% v/v formic acid luﬁl’l

MINNTFIU mimmgmﬁymmLﬂu%ﬁmlﬁm
°lugﬂtﬂ§a (single standard) paraquat dichloride
ﬂawuu%qw§81.57% menyluwiueu 1.63%, diquat
dibromide ANHUIIND 94.37% e laiusivau
1.60%, chlormequat chloride mmu%q'ﬂ§
98.19% MANNlaLUUBY 2.33% WaY mepiquat
chloride ANNUSENG 99.20% fanuliwiuoy
2.00% (Dr. EhrenStorfer, Germany) WIUA3
FUTDNINATTIUMNITEUUAMMNW ISO 17034 R
11 reference material certificate L@3ey
T,@ﬂmi%'qmﬁmmgmﬁﬁ@asﬂizmm 0.01 N3N
8911 volumetic flask 2Hawana®n 2110 10 Nadans

ezl MeOH wazAunaanNndulvae)

U
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lugﬂ paraquat cation, diquat cation, chlormequat
cation U@z mepiquat cation n auh lWIe5eH 1u
paraquat dichloride 3 molecular weight t¥innu
257.16 nSuAalya umhuinasefithinaunahiu
186.3 NSuGABlNA (molecular weight 284 paraquat
cation fvnau dichloride ua) Ia stock standard
wiazaiin JanudNTulseana 1,000 lulasnsuae

LRIk

Lﬂéaaﬁauazqﬂnitﬁ

1389 HPLC 34 1260 series (Agilent,
Singapore), 1399 MS/MS 34 5500 QTRAP
(AB SCIEX, Singapore), analytical column 2116
2.1 x 150 1aaLains, 3 luAsau (Atlantis® HILIC Silica
51 1911068BF0362110141, Water'™, USA),
\A3asrsAnuazLdea 0.001 N3N §u LP 620 S
(Sartorius, Germany), Lﬂéaq%"wmuazl,ﬁﬂm 0.01
Jadansu ';:u MC 210 S (Sartorius, Germany),
\napsifuan@znay ju Multifuge X Pro Series
(Thermo Scientific, Germany) ANNGN 5,000 99U
Ao, 1AdasEIrELULY heating block 34 18790
(Pierce, USA), uialulasiau mmu’%q‘wé 99.95%,
Lﬂf}awquﬁumiazmﬂ Vortex Genie 2 3% G560E
(Scientific, USA), volumetric flask %@
polypropylene 2u1@ 10, 25 WAy 50 NAdanI,
screw cap centrifuge tube %@ polypropylene
2UIN 15 WAL 50 Nadan3, micro-spin filters #Ua
nylon 2116 0.2 Tuasau s;u 3883 (Vertical,
Thailand), vial &%) %46 polypropylene 2116
1.5 4939019, syringe 2110 6 Naaans wian SPE
adapter uaz volumetric flask sUaWIFHN 1A
10, 25 WLz 50 NADINT
M28874

fregeildlumanagauanwuldlavedis
ToslFilavyfludununasiagailadod uula
Wuaunuzesdiadaun wazldlodudiunu
vaadathald S8maadandadilasiilony
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Funu 8 §aehey ar 500 niu Wudumilouas
Tinuazuatiusniy fasageldlumadiaga
near 5 niu unlaziia g @y 7 Badeg oy
8 M0e1NY ar Uszuer 500 Nadans WK
sy Fadadreldlumadiate 2eas 5 n3w
wazldldnnvhsuiilasusasnasgrumsudaan
naNdadad U 8 e ax 6 Wae aanly
saiunslemuazliuas fagaeehaldlumadiatng

1082 5 NN SSUNaFauANN T leuaIs

EhpI At
NMIFNG

Saihhnnesaudhiaficaulannan Korean
Journal of Environmental Agriculture, 2020
Hhiasffianuwzgs thde 5 nfu Tuadalas
(@3 0.5% formic acid luth 2 {98305 Waz 0.5%
formic acid lu ACN s faddns waulvizniuae
vortex mixer 111 1117 UuuuuanaznauinnuE
5,000 SAUADUT U1 10 WT ﬁﬂﬁu%qw%@i”w SPE
cartridge HLB 200 §8dn35u (Oasis, water) ToalH
syringe FUAWNFAN 2U10 6 Wadans WiaN SPE
adapter 819 SPE @78 5 183305 0.5% formic acid
Tuih uaz 5 183805 0.5% formic acid Ty ACN
Ntihioatha (dula) Usunas 2 Tadans v
a9lu SPE cartridge HLB 200 §83n3y A509/u
SPE cartridge Togl% plunger uamsasanaiign
%eaglU screw cap centrifuge tube %fia poly-
propylene 2110 15 Uadan5 Wasdemg 2 Uadans
284 0.5% formic acid 14 ACN tAuasazans
ﬁgﬂmaﬂu screw cap centrifuge tube %ilo
polypropylene 2110 15 adans wazihlUseive
meauialulasauliiiauwis YSuusinnsee 0.5%
formic acid lu ACN Tiile 1 faddas lagld
autopipette NIBINIY micro-spin filters %
nylon 2110 0.2 luasau tuwuuanaznauiienud
5,000 SAUABNT 11U 10 17 thansazaedingasle
1dlu vial wara@nden 210 1.5 Tadans

MIeNNANHTHALAzUSTINN
mMsasdenzisiawasdSunaleamaiia
LC-MS/MS ﬁamax column oven 35 846"
walded sasimslva 0.3 fadansaeuni Usnasi
2 10 1uTA5305 mobile phase A:B (20 iadluas
ammonium formate: ACN)"® as2370USueu
losaulaslsd multiple reaction monitoring
(MRM) nenulugluanlasau (cation) lunie
fisansudanlansy USinamasashinsianumuin

NN standard curve

Togldaumstduase Y = aX+b
. . (Y_b)
Usunaasasnesnany (mg/kg) S

Tog X = concentration, C (mg/kg)
Y = peak area a93d130160330U
a = slope 284 calibration curve
b = intercept 984 calibration curve

m‘mmaaummgﬂé’fa\maﬁﬁitmwﬁ (method
validation)
1138519057 3N6a5371 (calibration curve)
m%ﬂumimmgmmamm PQ, DQ, CQ waz
MQ 7 SeauaNN NG lown 5, 10, 20, 40, 80, 100
waz 200 wlunsuaadiadans luaisazais 1%
volume/volume formic acid Tu MeOH: H,0 (1:1)
Nnidauhieies LC-MS/MS a5 calibration
curve S¥%IN concentration NU peak area AMUIBUEN
Fulszansmsaaaula (determination coefficient; R?)
muuatnamimseansully: R nahvsawnnu

0.99"%

MINAFIUANNINNIZYDNID (specificity)
Wumsuaamsmsuanaiulossuuazamnasny
BidAnsauzasanINas Y s liiRnanudime
@AV IANSUADZEUe laadadsuInIgIuaIN
gy 10 nlundudaiiadans 1y 3 o Tudin

@ retention time (RT) 3tA51¢% matrix blank
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TpaWa15a0) chromatogram 284 matrix blank
Hagaslinudyanaiiis) RT wiaamwnadalsey

(mass transition: m/z) NHNAUAITNINTFIY

mansznumnQmaa«ﬁﬁmuﬁaﬁ’mﬁn (matrix
effect: ME)

msUszidiue ME annaleglda s%recovery
I ITNAIFIUNNMSUITBULNEUANNTULDINS
151U calibration curve on solvent “?l'i::ﬁv
ANNENTY 10-200 UNSHABIARANT ez cali-
bration curve on matrix 11 matrix L‘ﬁ’amﬂ unla
wazlald fiszduanaududu 10-200 inluniuaann
SaeisEauas 3 5 tawinsUsediv %ME, (-20
09 20%) WANED soft, (50 9 -20% Waz 20 D9
509%) MN8N medium Waz (> 50% WAL < —50%)
e strong™ MINUANNGAT

MF (matrix factor) = b (matrix)/b (solvent)

loa b Ao peak area YNATNINIFIU

ME (%) = (MF-1) x 100

NINAFAVTANNOVRINISAIIANY (limit of
detection; LOD)
mﬂaau‘[mmsﬁmmsmmgmwau PQ, DQ,
CQ wazx MQ a4l matrix blank *?'imml,‘ﬂ'uﬁ'u
5 wlundudendn adumivuamunguang
(MDL) uszduiiansnsansiaialamu sensitivity
fmanzanaaeiasiie Mmsafauazaadenzy
U 10 6§1 W signal-to-noise (S/N) ¥aNd13
waazriie snaUiinassnaspuivliiiad
ANNGY 3 ¢ (S/N) LALFIN AN NI U 1N

AUNAIDEN

MINATAVTANNAYINMTIBIUINNY (limit of

quantitation; LOQ)
‘vmaauiﬂﬂmiﬁmmimmgmmau PQ, DQ,

CQ uaz MQ Aenuurulszana 2 whaase LOD

N3ENINFIANNEFASMSUNNEG
Ui 65 atiun 2 wweu - Igueu 2566

avludaene blank sample MMSENAUILIATIER
DU 10 7)1 MDUNUTINAUNEUNUEITNINTTIU
grecovery INMUINTEBNTUBEY LWL 60-120% Uay

%RSD n9imMseanNsy < 2099

NINAFAUANNUNUUAZANNTEY (accuracy
and precision)

‘wmaau‘[mﬂn’lsﬁﬂa’ﬁmmgmwau PQ, DQ,
CQ uaz MQ lu spiked sample fiszdu LOQ,
8 x LOQ uaz 20 x LOQ laud fiemususu 10, 80
uaz 200 WLUNSNADNSN MUIAU MMIUATIEH
SEUBE 10 3 minanUsinaisunuasnnsgu
grecovery MM IBNTUBE LT 60-120 % Uaz
%RSD tnawimseansu < 209

Frmsiesiuazanuidunse (linearity
and working range)

a 4 . a .:4' [

ALY matrix blank LONETNNIFIUNTEAU
ANULNTUAN ) BEetiey 5 sEau Melurrensiw
nespunngaiuaduduasienzdszauas
3 7 AN d59nnsEuINA NNy
AN (x axis) AUAILRBEANNLINIUNATIANY

. o U 2 o ' v <
(y axis) e R® mvuanasinsaansuty

R? 3nnawsamnu 0.95Y

m3Uszanae ey iU ININTINIATIEH
(uncertainty)

AN LN U UUAUDBINITINA DA T DIUL A
anuliwivaunnuras NiuanszNUABMAILATIEH
@FUsnas athinunulimiunamenylunivau

a o d & ¥ & aa
YENYNTLAUANNTDNY 95% Loalda k =2 (Ui
e}d £4 < d’ [ 1 o
mmmgﬂmmnJu*nﬂamuuazmmxamamsmlﬂ
T ennadsanaasnie legldamenuugu
(C,) #81ulean calibration curve Na319IN

ANNTFUNUSILWIN concentration NU peak area
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5Genns @3lans warAne

We

anuiluiduaswasnninassulasasay
FTNNTFUNTNIN PQ, DQ, CQ waz MQ 7 AU
ANNENGU leun 5, 10, 20, 40, 80, 100 WAL 200
W lunsunaianans lua1sazale 1% volume/volume
formic acid lu MeOH:1 (1:1) hlUSiasew
AELe3ae LC-MS/MS a¥4 calibration curve
S2WIN concentration NU peak area MuIUA R’
fieeaud 0.997-0.999 gauaaslumwi 1

ANNINNIZLLINTUNITUFAINITUAN G
WulosauuarmwasnudlannsausIasinasgIu

Peak area

Linearity of calibration curve

15000000

10000000

5000000

waaznie wﬂaauiﬂaﬁﬂmsmmgmwauﬁ
ANuENEY 10 wlunsuaeladans luasazans 1%
volume/volume formic acid Tu MeOH:‘ljlﬁ (1:1)
$119U 3 % Tufine retention time (RT) 3tasneW
matrix blank TagNaisa chromatogram
289 matrix blank wadasliwuduanadiie RT
uarmNIanaUsey (m/z) ﬁmiqﬁ’umimmgm
Tas PQ, DQ, CQ uaz MQ i RT # 3.0, 2.1, 2.6
war 2.7 9Na10u PQ 1w 1 product ion
‘ﬁlLﬁmmﬂ 2 precursor ion &U DQ, CQ waz MQ
el 1 product ion ﬁtﬁ@ﬁnﬂ 1 precursorion
Fem m/z  ([HumesiEne ™ daudaslumsed 1

Lo 2

PQ, y = 1.1599¢%, R? = 0.99739
DQ, y = 7.9401e2, R? = 0.99758
CQ, y = 1.1524¢%, R? = 0.99945
MQ, y = 5.9551e%, R? = 0.99977

0 40 80

ePQ e@DQ

o CQ

e MQ

Conc. (ug/ml)

2D 1 ﬂ'NNL‘fJULé’uGﬁQ?IE]\iﬂiﬁWNﬁ@]‘S§1u°lla\‘131§ﬂ§:Nﬂ']BGI

M7 1 Multiple reaction monitoring (MRM) condition 284mM53ta51e¥ PQ, DQ, CQ waz MQ

Compounds Precursor ion Product ion DP EP CE (0).4 34
(m/z) (m/z) (eV) (eV) (eV) (eV)

PQ 186.3 171.1 (primary) 80.00 1.69 28.00 11.80
171.1 77.0 (secondary) 156.30 8.00 46.65 8.24

DQ 183.3 168.0 (primary) 81.20 13.10 30.82 10.32
183.3 157.1 (secondary) 81.20 13.10 22.00 9.79

CcQ 122.0 58.0 (primary) 148.46 7.07 36.65 7.06
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M7 1 Multiple reaction monitoring (MRM) condition 284m53ta51¥ PQ, DQ, CQ wuaz MQ (%d)

Compounds Precursor ion Product ion DP EP CE CXP
(m/z) (m/z) (eV) (eV) (eV) (eV)

122.0 63.0 (secondary) 148.46 7.07 27.11 10.40

MQ 114.2 98.0 (primary) 254.96 7.84 34.09 13.57
114.2 58.0 (secondary) 254.96 7.84 32.53 9.17

wanawme: DP @8 declustering potential, EP @8 enterance potential energy, CE @a collision energy uaz CXP

@8 collision cell exit potential

®1391 2 @) retention time (RT) wazanianaUszq (m/z) 2895105571 PQ, DQ, CQ waz MQ

Precursor ion Product ion RT
Compounds Ion Ratio

(m/z) (m/z) (min)

PQ 186.3 171.1 3.0 0.91
171.1 77.0

DQ 183.3 168.0 2.6 0.90
183.3 157.1

CcQ 122.0 58.0 2.1 0.96
122.0 63.0

MQ 114.2 98.0 2.7 0.97
114.2 58.0

mMsigad ME laamsdseiiiua) ME a1n
@1 %recovery 2ANEIININIFIUINAITILATIEA
Wuu calibration curve on solvent (calibration
curve 23 standard ﬁm?mﬂu 1% formic acid:
1 (1:1) Rseduanuauunud 10-200 wlundy
AaNadans waz calibration curve on matrix
(calibration curve ﬁnﬁmmnmsaﬁm matrix Lf?!la
vy unle uazldld) Aenussduanudutudoud
10-200 W UNSNABNSH hawsimsUseliiy % ME,
(-20 949 20%) BINBIN soft, (-50 D9 —20% Waz 20
N 509%) BN medium ez (> 50% Wz < -50%)

Mg strong Hawud %ME aglunmi soft yn

matrix

N3ENINFIANNEFASMSUNNEG
/U 65 a0UN 2 s - Ugusu 2566

matiuduen LOD logdnansmnasgiuadly
matrix blank fienaausy 5 wlunSudansy Fuily
sedufignansonsaialedmu sensitivity Hanzan
2091A3pIilD %ﬁLfJumﬁmuﬂmuﬂgwmﬂ (MDL)
mmsanauazia S/N 2a9asuaazsio v
Winamsmnaspuinhliiefionug 3 vh S/N

Tos PQ fieh S/N agflugndaud 11-19 DQ fidog
Tugedaud 11-20 CQ fenagludaecaud 460-903
waz MQ ﬁ@imgi’luﬁ'aqé’iy'\uwi 274-625 Ml S/N
Jdacauegiussannfivasmsudasyiin Gauans

Tuensnai 3
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@397 3 @ signal-to-noise (S/N) fiszau LOD (5 inlunsueanin) 2assiataiiony unle wazldln

A1 S/N*
Compounds Lﬁawg wule Tai'ln
(MM FA-AIFIFR) (¢i151qm—¢i1gaqm) (Fi’l@i’léqm—ﬂ"]gﬁém)
PQ 13-21 12-19 11-19
DQ 13-20 11-13 12-17
CcQ 570-708 533-903 460-743
MQ 274-448 463-625 414-625

BIYLHG): *Lneu9ieaNsu S/N > 3

anuuutazanufismagaulaamsiaans
NasgIuKEy PQ, DQ, CQ waz MQ lu (spiked
sample) sz LOQ, 8 x LOQ waz 20 x LOQ
Taun anudugy 10, 80 waz 200 W IUATNABATN

aNANTU T Feneriseiuas 10 1 suan/5anas
WgUNUNTWEBITNINAITZIULIANUIN %recovery
%RSD nawigansulas mean recovery agjﬂlmhq
64.8-108.6% WNAIEDNTU %RSD o 1124 2.1-13.09%

aauaaalum e 4

MM 4 WANMSNAFAUANNLNULALANNNEINTEAU LOQ (10 i lunsuaanin) 8 x LOQ (80 i lunsy
@an5N) waz 20 x LOQ (200 inlunsuaansu)

. iianay unla Txila
Spiked level v
Compounds
(ng/g) %recovery* 9%RSD* %recovery* %RSD* 9%recovery* %RSD*
10 80.0 12.2 101.7 7.9 100.6 9.6
PQ 80 99.6 13.0 101.1 7.48 100.8 13.0
200 93.9 12.8 105.2 7.19 94.9 12.3
10 64.8 3.9 91.9 12.9 103.6 12.1
DQ 80 106.3 6.9 107.4 4.9 98.6 7.5
200 104.7 8.8 97.2 10.8 92.6 11.0
10 98.0 5.3 100.5 11.6 103.0 10.9
CcQ 80 99.9 8.6 100.2 4.9 108.6 3.3
200 104.5 2.6 94.5 7.8 98.4 3.5
10 85.8 4.7 102.1 12.4 103.2 11.6
MQ 80 106.3 2.1 94.7 9.1 105.2 2.0
200 101.8 3.6 95.9 10.7 100.6 4.6

WANHLHA: *INOIMTBBNTU %recovery = 60-120%, %RSD < 209"
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Fumsiensduazanuiuidunswesms  uduzesdrsuiasgiunifuasludaadieny
ez les@uasaransnnasguadly matrix  @NUANTUVDIETNINIFIUNATIANY AIUIUA)
H -7 4 = Q( L = 1 Ll 1 3 1

blank fsz@uANMINY 10, 20, 40, 80, 100  anUszAnsMIdeaula (R”) laefimagludienaud

waz 200 wluniudansu meludrnnuinassin 0.985-0.997 anuiuduasasmsiensviag

gaduarnduidunse mmsanauazdtaszd  Tudie 10-200 wlundudaniu aenaaslunn

o % v

LouUae 3 U Eﬁ']\‘lﬂ'i'lW?J'lGl‘iﬁ'lu‘StVi'j'Nﬂ'J'lN i 2, 3 e 4

ot Sp

Conc spiked (ng/g)

PQ,y = 9.1801e%;, R? = 0.99339

200
Linearity and working range of pork DQ, y = 1.378%", R? = 0.99738
160 CQ, y = 1.2803e%, R? = 0.98549
MQ,y = 3.1547¢e°, R? = 0.98460
120
80
40
0 Conc.found (ng/g)
0 40 80 120 160 200

——rQ ——0Q —e—CQ —e—MQ

Muil 2 Fnanududunswaimsiensitiiany

Conc spiked (ng/g)

PQ, y = 6.81840c%, R? = 0.99610

200
Linearity and working range of milk DQ, y = 7.52869¢e%, R? = 0.99102
160 CQ, y = 1.10460e°x, R? = 0.99330
MQ, y = 5.57541e%, R? = 0.99404
120
80
40
0

Conc.found (ng/g)
0 40 80 120 160 200

——PQ —@—DQ —@—CQ —e—MQ

NN 3 FRNANY L‘?JHLE%’UGI’N?I NI Lﬂ‘i']zﬁuut[ﬂ
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Conc spiked (ng/g)

Linearity and working range of eggs

200
PQ, y = 2.8159%"x, R® =0.99670
160 DQ, y = 6.9985e°x, R® = 0.99566
CQ, y = 1.3628e°x, R® = 0.99728
120 MQ, y = 3.6715e’x, R* = 0.99699
80
40
0 Conc.found (ng/g)

0 40 80 120 160 200

——PPQ0 —@—DQ —@—CQ —@—MQ

i 4 nenNuduaswaInenzlyla

msdszanaaanuliwiueueeinsna 134'u,miuauwaqmsmmﬁtmwﬁﬁ:ﬂmﬁLaumsmmgm
Aeney waaslifiudemnaldnisseunduldass  nuaaaiiszdy 0.1 wlundudaniu mmsienzy
msia lafmsanunasenuliwiueuinsiinanssny 10 9 Tesileanaliwdueuiissauamadaiy 9s%
Aam3ns29ie =i laud annliuiuauan  wardadivwssuvasenaliuwiusuiisduiifinade
manaduduzesiiadiisnulaan calibration  m3amadndidinlvainnn method precision
curve IINATU ANUTiBwaIBElenm wll evaeIn de anududuzesdiagiisldnn

= a a aca o ¥ a . aA o . . @ a
ﬂQﬂizﬁﬂﬁﬂ']W?laqjﬁﬂﬂ']i‘WLﬂﬂ bias NUIAIANN calibration curve F1ININIFIU @I\TLLﬂﬂQIHﬂjW‘V] 5

Relative standard uncertainty of quats in pork (%)

Recovery

Method precision

Standard conc. .

co
E

Final volume

Sample weight I

0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00
mMQ mCQ mDQ mPQ

Mui 5 relative standard uncertainty contributions #83a3ngNAIBN luliany
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NAINNWAUITATI ez LUl
M3a519IANTateamsUssaniiiadnd ux
wazld Tulasemsusziuanudsamslasududia
nseiivazanstudiouiieulnglasunnmsuslae
U w.6. 2565 (total diet study) lagtdumageaanmns
Ussinniiladod uwn wazld Mnamaddiviagud
ASENEFUM LULARZANA 9 BT 2 TIWIA IV 8 WIA

U 29 MBEN NYBLLDYAUBLITNTINMINDLEN
Tassmsusziiuamudsamslesudniaasiniiuas
mstuilouiiaulnaldfunnmsuilaa seylilu
Seudsznl 2565 vaedinAMMINULIZANY
Uananza1ms nsadinenendasmsunnd’” a3
ATTIANZAE LINUMIINANYBITNINGNAIBN LUND
e saudaclumsd 5

TN 5 HAMIATINIATILENIANANYBIENINGNAIDN IUEBEN total diet study 1wl w.@. 2565

DU 29 AIDEN

FUAMNBE

Ussnafiasany (mg/kg)

PQ DQ cQ MQ

12
o a |9 4

< '3 L )
1. LUBEMILISNANANUYN (23 §IDEN)

v v

tialn, gnzuln, ldnsanla, auln, iavy,

—

v v

nguny, vy, ldnsanvy, vyea, aun,

anguile, WaN/dlanne, ysila/daviuhiy,

U

Uazau, Yaran, Yanniamnuns, fainia,

e

Yameta, Nanza, Uamidin, gnaudan,
Usnszilas, Meeuase/vasunass

ND ND ND ND

2. UN (4 MBEN)
unla, uNOINEBY, UNLUTE, UNUFUEINTDNAN

ND ND ND ND

3. 1 (2 feN)
Toln, Tedla

ND ND ND ND

BIYLHO): ND = not detected

a 4
JAIIU

MNTEVUAMMNWININIFIU ISO/IEC 17025:
2017"Y MyuA IBNMINATDUNBIEIUNINTIA
gauannldlavedds Tunmsasasauanuldle
vavisaseilldidanyfludiunuasdradaila
da7 Tdunlaudiunurasdiadiaun wazldly
Indludunurasdiadield 1iasandsasnis
usTnazasaulnalutiinaiige dauiiials
%ﬁ5miwnﬁu%‘[ﬂﬂﬁgﬂﬁdwmﬂLﬁyawg udiilo
Infivsinalafugeninilany® feamanianme
wilasasnguaianiliazasluladuilasan
wanlanau Fadanldilonydedludussdunans

N3ENINFIANNEFASMSUNNEG
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UsznaufuuBinaleduluidlonyaslisuniunms
Ainnsiinnuhdudelilutuaaumsiliuians
a8 hydrophilic-lipophilic-balanced (HLB)
SPE cartridge LLasz’Iawgmmsaﬁﬂﬁ'ﬁqwé
ladreni mu CXG 40-1993 (codex guideline)®
’lumsﬁwumﬁmmmmstﬁatﬂuéfumuﬂdumvni
(representative matrix) MNONNLENIZEN Tog
nagauanuldlarasddiensiludradeiiduy
representative commodity (species) 1 #i@
Whuaghaias i 1 commodity categories (class)
Fuilovyuazilolidnaglu class dedu Sudonld
oy fudununasiaguiladad Wanasay
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5Genns @3lans warAne

Uszansammsanelushathaiials wu ssrecovery
RULABIEBNSU INNITANHIANNINNILLRILA
20935 PQ T4 product ion ﬁLﬁGﬁnﬂ 2 precursor
ion du DQ, CQ waz MQ product ion AztAAIN
1 precursor ion 1y Fedadhueanadals:y
284 precursor ion LazdIae aﬂsgﬁ;w N product ion
L‘fjuﬁhmﬁ'taua A5IAILH calibration curve
anuihuduaswasnnrlnaspuiihennenuduiug
sEwinenuENT R asiTINAI UL L lade
2BIIN53A53U 36 R” oglug9 0.997-0.999 uaz
anufuduaswanmsiwnsifissduanudgy
10, 20, 40, 80, 100 WaT 200 WILUNSNABASH
anuiuduassreinsvuassiuiennau
Fuiusszniheanududuwasnsnaspuihue
Tudagnmunszuiumsanauazmuaiuanu
dudurasansinassuiienany fid R? agluzhs
0.985-0.997 AAENBMzLAzAMFTRag UNaIT
#aNSUMN pesticide analytical guideline 284
annwglsd SANTE/11312/2021" ahan501135
ﬁlﬂiﬂuﬁmﬂﬁﬁamﬂﬁ oz calibration curve
'ﬁi“ﬁ'lﬂu calibration curve on solvent ‘f%\ﬂﬁﬁ
wam::‘nmnnQmauﬁawamﬁaﬁaadw dladeuiiey
ANNYTUNU calibration curve on matrix ﬂamﬁyamal
unle wazldla wui %ME aglunosi soft Tuamuenn
20933 Tedautasrunaumsaiauazinliuigns
lagmsUSulyd HLB SPE cartridge :102110A14Y
500 fadnsu (Wumeannuy 200 Hadnsu Usu
Usmasasildlunisanaan 20 fadans (Hu
10 93803 wazUSinasasarmedildzzan 12.5
finddas W 10 feddas tialimanzaniuanig
289 HLB SPE cartridge 2110 200 §8ansu a4
Hhifaainenenaasiiluiasfians ialdlvifa
Uszlamlgege loausuanuzisaulums centrifuge
210 2,500 IDUADUNT WU 5 W 1 TUANNSD 5,000
saUdaM WY 10 Wi tiausnasERaRULE
shathaledarau denulamnniy uashadamsily
‘U%éj‘ﬂg 14 syringe plunger w384 SPE adapter
@afiu HLB SPE cartridge lumshl¥udgns unu

M3 ldgansaeuuy manifold pressure wazUsuanTe
apuA3e LC-MS/MS muitldnanludumasiag
waLIBMT UAANMYNTUFAMN YDA NN DU
Aeevios LC-MS/MS @ 1 nSuaaiiaaans linnu
wazUsEANEMWMIANa %recovery aglugn 60-120%
Tunnssduanuiduiuiinasaussansninis
FuRUNTARANEINNTULUUANAZNDY WU
mateunlauazlulnlvasane anwazlanimats
ilavy lasmnualauaslilafidnuasiiuoaaman
Funaumsanaiafinduasdusznavludiai
sz ldmsana analyte sanaladndadred
T ® Aaumsanadis 0.5% formic luth asly
TusmagnenaumsanamliuszanSmwmsanadni
mimmgmmﬁlﬂuLﬂﬁawaqawsiunduﬂaam (A
winmealanaslsd Fuduiagsuasiamans
M5NEAs waziaa1shiaangna A W151AI0A
wanlaaau®? é’qﬁ?ﬂumim‘%aumiazmﬂmmgm
aasmmnaanuniulieglugumnmasuanloany
dauihlUiteszviuaziedanlunsuzussyrila
wanadinnanua"® ilasnnaslunguaianazii
UiAsenfufuinsasmsuzussaiduudy Tums
UszanaaanuliuluauyeInIsIasIEd uans
G819 5Usernaa e liniuauanIzns
3meﬁuffrwgﬁLaumsmmgmﬂdumamﬁssé’u
0.1 lun3uaansu M5z 10 9 whiiy g
mataunlawazldln dadivesunasanliwivay
MansaUszanamuazminalaEudeInumInsia
"“JmiwzﬁtﬁawgﬁixﬁummLﬁaﬁu 95%
SBmsanadiateinannianseldlums
a9 PQ, CQ waz MQ lutilodnd vy uay
1o Tnemaiin LC-MS/MS figanngasmudammun
Tunszsdaalaons ethsslimsandwasens
aanamluensludszmnala endumsnsinienz
DQ Aenfvuaues codex Tuun fidwhiu 0.001
fiaansuaanlansy wirdsiwannazliamnsansa
Senzilaluszauiimmue uddasanumsands
299 DQ luuw #isz6u 0.005 Aaansudanlansu
MIIB DONNTRNUMIANANAUNNINYUMNBMKLA
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snseinluldasradanseadseduls luauaa
nadasiimsnanIsimziie lvainsensa
Jeed DQ Tuun LlDABUFUBIR DM VLAZBS
codex wasNlaNaNIZATIIATH LY
THlumsasaiwnziananguman Tulasams total
diet study U w.. 2565 UIU 29 ML LUDINS
Uszaniitedad un wazly sindeuntnides dad
liadagniiianudsiiagldfumanduaaaan
MstasRgemsiainiaiimsludon wawuih
Tiwumsananlunndieegn aaduwszas PQ
fiquanifidulossy Fafianuainsalumsazas
Tughatgheidladudluasdusznau (fatty food) o
We lazmeduiamsanmalates Usznaunuans
PQ gnanidnmsldnudil w.a. 2563 vhlwliwy
msanmeluvildanmsuazdannasesnunansih
SENMIANVIUANLEMINAzaIFsIAR TN Y
miadagigludnuazualiaen Tulassimsidnuazia
st 77 Sawda Wil w.e. 256577 Mndhaghananug
320 faee HawuNliwumMsanmees PQ uas
DQ wanuUMsAnA1res CQ waz MQ Anllusaeay
0.94 WA 3.75 MNAGU FUSInaiandeien iy
fingranammue
Usendlnadsldfimhanunsaioljuams
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Analytical Method Development of Paraquat,
Diquat, Chlormequat and Mepiquat in Meat,
Milk and Eggs by LC-MS/MS

Rattiyakorn Srikote Phornphan Songsri and Nichanan Boonnim

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

ABSTRACT Paraquat is a type 4 hazardous substance that has been banned for manufacturing,
import, export, transit, or possession according to the Notification of the Ministry of Industry No. 6
(B.E. 2563) Re: List of Hazardous Substances. Additionally, the Notification of the Ministry of Public Health
No. 419 (B.E. 2563) Re: Food Containing Pesticide Residues indicates the criteria for regulating paraquat
level in meat, milk and eggs that the analytical method used for detection must have a minimum detection
limit of 0.005 mg/kg. Based on these notifications, an efficient laboratory was developed using LC-MS/
MS to simultaneously determine paraquat and three quats; diquat, chlormequat and mepiquat in meat,
milk and eggs. Samples were extracted using acidic acetonitrile, centrifuged, purified through hydrophilic
-lipophilic-balanced (HLB) SPE cartridge and quantify using multiple reaction monitoring (MRM).
The method had a limit of detection (LOD) and quantification (LOQ) of 0.005 mg/kg and 0.01 mg/kg,
respectively, with a linearity range of 0.01-0.20 mg/kg and accuracy (%recovery) at 64.8—108.6 and
precision (%RSD) at 2.1-13.0. This method was used to analyze 29 food samples and it was found no quat
residues. Therefore, this developed method is effective for determining quat residues in meat, milk, and

eggs and suitable for monitoring quat residues in food regulations.

Keywords: Quats, Meat, Milk, Eggs, LC-MS/MS
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Liquid Chromatography-Tandem Mass
Spectrometry (LC-MS/MS)
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§17019337U: alprazolam, diazepam,
ephedrine hydrochloride, phentermine
hydrochloride, pseudoephedrine hydrochloride
(DMSc reference standard, ﬂ’NNU%ch’ﬂéu1ﬂﬂ’j’l
Saeaz 99.0), bisacodyl, dexamethasone, fluoxetine
hydrochloride, phenolphthalein, prednisolone,
tadalafil, vardenafil hydrochloride (Dr. Ehren-
storfer GmbH, mmu’%qw%mniw%’aaax 97.0),
desoxy-D2PM, sildenafil citrate (Sigma-Aldrich,
mmu‘%qw%nmdw%’aaax 99.0), fenfluramine
hydrochloride, sibutramine hydrochloride
monohydrate (LGC GmbH, mmu’%qw%mnh
SP88T 98.00)

#15tAd: acetonitrile (ACN), methanol
(MeOH) (flu HPLC grade wag formic acid flu
AR grade
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Japan), vortex mixer, shaker, micro pipette
uIn 2-20, 10-100, 20-200, 100-1,000 Lt
1,000-10,000 ulAS8MS, screw cap centrifuge
tube 1@ 50 NAAANI, micro-spin filter tube
0.2 lulasiues #iia PVDF, 2a3au3ines e
10 W8z 1,000 NaddNT, NITUBNGIN UIA 100
W8z 500 Naaans, pH paper 739 0-14 WUae
2.5-4.5, 1309 LC-MS/MS vsznauds binary
pump, auto-sampler, micro vacuum degasser,
thermostatted column compartment: Agilent
1100-API 4000, detector %1 triple quadrupole
mass spectrometer (Agilent Technologies,
Germany) WazAaauY Zorbax SB C-18 (4.6 mm x

150 mm, 5 um)
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MS ﬁamazé’ﬁj mobile phase tfu 0.1% formic
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msusnans o lumsienziname 22 i Tog
JanAMzue9 mass spectrometer Usznaume ion
spray voltage: 5500 volts, temperature (TEM):
400 B9FNEaLEed, collision gas (CAD): nitrogen;
medium, curtain gas (CUR): 30 psig, ion spray
nebulizer gas (GAS-1): 40 psig, tis heater gas
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M39# 1 MS/MS fragmentation conditions

Precursor ion

Product ion

Retention Time

No. Compound name (m/z) (m/z) (RT) (min)

1 alprazolam 309.100 281.300 (primary) 8.29
205.300 (secondary)

2 bisacodyl 362.000 184.000 (primary) 7.35
167.000 (secondary)

3 desoxy-D2PM 238.000 97.000 (primary) 6.34
117.000 (secondary)

4 dexamethasone 393.000 147.000 (primary) 7.16
355.000 (secondary)

5 diazepam 285.300 193.200 (primary) 7.89
154.200 (secondary)

6 ephedrine 166.200 117.100 (primary) 6.07
115.100 (secondary)

7 fenfluramine 232.200 159.100 (primary) 6.38
109.100 (secondary)

8 fluoxetine 310.100 44.000 (primary) 6.35
148.100 (secondary)

9 phenolphthalein 319.000 225.000 (primary) 6.72
141.100 (secondary)

10 phentermine 150.100 91.100 (primary) 6.15
105.100 (secondary)

11 prednisolone 361.000 307.000 (primary) 6.90
343.000 (secondary)

12 pseudoephedrine 166.200 117.100 (primary) 6.19
115.100 (secondary)

13 sibutramine 280.000 125.000 (primary) 6.92
139.000 (secondary)

14 sildenafil 475.100 58.000 (primary) 6.34
100.000 (secondary)

15 tadalafil 390.100 268.100 (primary) 6.88
135.100 (secondary)

16 vardenafil 489.400 151.000 (primary) 6.20

312.200 (secondary)
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$93289U specificity TagRansanann ion ratio
L8z retention time 2BNENIBLAYMIDENG DIULANGN
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Uaz@) m/z ﬁmﬁumsmmgmﬁ”@ 16 %10
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waznguil 2 inansnguiihvang 16 ¥iia fiszdy
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HANAMITLEINDIMN BT L3I0 ualys UAAZDON
unannssnduihvaneg s 2 QGH vhanuiia
hatheas 100 7 Tagrmsana Jensiuaslsaiiuwe

ANNNNEYIITIATI12H (diagnostic speci-
ficity)
FATIZVOIDENN KA N UNLFI NV TBTA B

< = oA A vy
(e ualya wasespedy NUnANnmsnguthvang

aeNgiaas 100 71 Usztlunalogamuiney

g5

diagnostic specificity

number of true negative sample

total number of samples without condition

ANuhua9I531A1Y (diagnostic sensitivity)

AL BE1NNIN N UANLETHBINSBHARN
(0 wntye uaziasasdu Midinansnguihvane 16wl
fiszauenuugu 5 daansuaanlansy siadaths
8z 100 7 Usziiuwalagmunamuans'®
diagnostic specificity

number of true positive sample

total number of samples without condition

positive predictive value (PPV)
Jieshtienadaudadivzadlamannua
A RIGER A afm%umimnwumimjuL%’Jﬂwmﬂﬁ
Tuagndas lagdniziludadandnnnmiesy
msziions e walye LAZLAS AR ﬁﬁman’u
dhnsnedfisissauanududy 5 GaanSudenlann
#ilafagear 100 91 Usziiunalagmuian

g5

positive predictive value

number of true positives

total number of positives

negative predictive value (NPV)
Aieneiiiionadaudadiugaslamannua
M3ezd dmsunmsanalinvasnguihvang
ilviwagndas Tasamsiludaandadniaia
2N sniion in ualya waseansoy ilidasndu
{hvane siiadatias 100 9 Ussiiiuwalasunn

MuaNmMs-?

negative predictive value

number of true negative

total number of negative
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=  Jooe .

sibutramine - sildenafil tadlalafi
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B RT 6.20 =

=

H MM M “ i1 1]
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FNNANMINTINIANREIMTUNEUGUMaUIN
(cut-off) uazanuldlavadisnsanalusiadi
=~ L 2 L | d‘ T
nMstiudy cut-off lasanaeaganlaifing
wnasnguviang (matrix blank) wazaagani
maanaInguihvang seauaNuNY 5 Jaan3u
gafnlaniy #liafIaeNa: 100 7 WUTIMNEIBENT
1 a J Yy 1T o Y a 1
lusimsdnansnguiihuing Limldiewauin dw
smagnnanasnguihvanglvikauinme 16 #iia

Tunnaeg denunszauaNIdNty 5 Jadndy

dailansy aansaldiduge cut-off o dauanaly
Wi 2 uar 3 warldmaanadiucmiaiauns
M3sa53anwy (limit of detection, LOD) luanea
wao S ssiion e uatye uazie3asiu
ilasnnwamanadauwuh fetmnlssanasa
wumsInasuenueuilagtuna 16 i mundn
NATRNATIUMIITIANUTIMWUA Y wasiaaghadl
lisimsdnansnguiihvang wuhasalinuasngy
hwinelunnafiadiaenaunu

@317 2 MINAFBUTANNANMIATINIANLI DI NN M9ILaTNIMNITTARS LA UAUYS LazLATBIAN

AVSUMSHUTUNANTZAUA NN NTY 5 NadNTNADN a5y

BUANI #HALNG riaualra HALAIDIAN
FUATIS Conc. Conc. Conc. Conc.
%rec %rec %rec %rec
(mg/kg) (mg/kg) (mg/kg) (mg/kg)

alprazolam 4.15 83.00 4.23 84.60 4.30 86.00 4.14 82.80
bisacodyl 4.77 95.40 3.98 79.60 3.77 75.40 3.96 79.20
desoxy-D2PM 4.34 86.80 4.25 85.00 4.81 96.20 3.91 78.20
dexamethasone 4.09 81.80 3.83 76.60 3.86 77.20 4.86 97.20
diazepam 4.21 84.20 4.76 95.20 3.75 75.00 4.11 82.20
ephedrine 4.23 84.60 4.19 83.80 3.80 76.00 4.36 87.20
fenfluramine 4.12 82.40 4.40 88.00 4.13 82.60 4.17 83.40
fluoxetine 4.71 94.20 4.16 83.20 4.31 86.20 4.33 86.60
phenolphthalein 3.85 77.00 3.79 75.80 3.79 75.80 4.00 80.00
phentermine 4.19 83.80 4.07 81.40 3.78 75.60 3.89 77.80
prednisolone 4.36 87.20 3.95 79.00 3.75 75.00 3.92 78.40
pseudoephedrine 4.43 88.60 4.16 83.2 4.28 85.60 4.02 80.40
sibutramine 4.27 85.40 4.08 81.60 3.98 79.60 3.98 79.60
sildenafil 4.29 85.80 4.29 85.80 5.16 103.20 5.06 101.20
tadalafil 3.84 76.80 4.66 93.20 3.80 76.00 3.93 78.60
vardenlafil 3.90 78.00 4.17 83.40 5.02 100.40 4.60 92.00
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samples above

sample below
total sample

cut-off (n) cut-off (n)
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Usetanaiaga
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100% FunAsARaNIERenrhdemsiene
fianumnzuastayadiamaniidadio
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Fuaauiliinsnassuazdnwiladaifidananseny
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Uszandnmmggauazlaasnanihvanaasunnaiia
WUz pH 2.5-3.5 [ughefivianzaudige sunso
anaasnguiihuaneglaasunnarsuazliuanis

a (dd‘ dﬂ' e Vv L a a g 1T a L
WAANZHANGN NITAUANNLINIU S ladnsuaanlansu

ansoaINUasaglud e NNy 3.84-4.77

fiaansudanlansy Aatllusesaznisdunau

wuaglunie 76.8-95.4 Faglurnmeinig
w(17)w3dd n‘l’md o A

gansu’” sanududenldismsanainge pH 2.5-3.5

e8aINaraIy methanol:H,0 8051874 70:30

M5UszanaAIA Nl HYaINITILATIEH
(measurement uncertainty)
=Y U ] 1] YV Jd

msuszdiumanuliuiuey logldinasing
AMuaN@ standard deviation Zearanuly
uluauINEENAISUBENT 2 1YeY predicted
Horwitz’z RSDr® Tagamanuluiuiuauiaisas
I~ o . . a L d
Wuanmsamuawes sibutramine TUHEA A 9]
NN TEHon 1le ualzge uaseieedn Nssau
5 HadNSNABNLANSN WNAY 8.00%, 8.26%, 5.26%
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Chart of Relative standard uncertainty: Sibutramine
(WaafvilBuaMsATAN)

Bias

Precision
Standard solution
Sample volume
Sample weight

0.000 0.020 0.040 0.060 0.080 0.100
Relative standard uncertainty

Chart of Relative standard uncertainty: Sibutramine
(HAnfariidduamsuilaualea)

Bias
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Sample weight
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Chart of Relative standard uncertainty: Sibutramine
(ndnfaviiaduansyiauia)
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Chart of Relative standard upcertainty: Sibutramine

(1A3a9diu)
sias |
Precision |
Standard solution |G
Sample volume [N

Sample weight I

0000 0005 0010 0015 0020 0025 0030 0035 0040
Relative standard uncertainty

7Wi 2 Chart of relative standard uncertainty 2894mM53tALYES sibutramine Tudedmdan i
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fiszdu 5 fiaansuaanlanin whiy 8.009%, 8.26%,
5.26% WAL 4.18% MNTIGU NszFUANNHDN
95% (k=2) %'qwuiﬁﬁmmaumqamawmmm
Tiwduau dauaaslunind 2 n1sudsuiien

[ ]

dadruamanyliwiuaunnunasanuliniuey
fidadaUsanaes sibutramine WuhANNE
fenniigalunndiadis deludsiarsane
wWasiFudmsaundulunnadafinnsieaey
N33 Codex"” Fadasagluirefasas
70-110 Tosdumsnguihvinsiissduamasudy
J¢eU 5 Naansuaanlansy adly matrix blank
LAZYASERAMNTUABUNSILAT LRI ULF AU
foehe tilaflumsasiagaunansEnUIINE N
@089 (matrix effect) ﬁawmﬁﬂﬁuiuﬁy’umu
MREGALG uaﬂmﬂfmstﬁani%’msmmgmuaz
wn3neilafidenenulivivauias Swavhliaans
Taiwiuauraisanadldmuiy mimswauuss
nageuANNgN@atadIsildihdanuliuiueu
mﬂnmmdqmﬁmsm Usznaueme sample weight,
sample volume, concentration of sample,
precision Wag bias msimmuwaﬁmshqﬁwu
USinauasusandulnam cut-off aasiasani
amanulawiuausnlFduwunmalumsnesouns
msmaauﬁmnﬂﬂ%ﬂ Lﬁﬂiﬁtﬂulﬂmwuﬂgnwsé’ﬂﬁu
wanAFay NailingUszasduesmaidonlduda i
winamspasguslaadiuluaidunisasuauss
daanudasms Tasuiunsliuasnsisndiay
ihangmamelamazesgsznaumslumsiinens
donhuadlundadusiilansdueanme wamsnga
Aeneiludiagnass nuhUsnadasudunguen
fienUsmnaiivesiigail 5 h uazannilgad 96,000
N 2N cut-off



mMsnannIFiensieunulagiunvasniulucdadosiaiuems

YaNSeU @aNad uazan

U
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Lﬁ%ummsmﬂﬁmﬂﬁﬂamiﬁwﬂ'ﬂqmmwu,a:mm
Uananaa1vns luthulssana w.6. 2564-2565
UM AN UUSENN W.A. 2564 GIBENNAIUIY 599
L [ LY ] a 4 v
Mgy wumsusandu 81 magnN Aatlusaas
13.5 wasthUUsEII W.A. 2565 MIBENIUIU 579
L [ LY ] a 4 v
Mgy wumsusandu 79 MegN Aattusayas
13.6 lagyfiaenNasanuanign @ sildenafil
I ¥ . . <
WuennszauanssomMWnNne sibutramine ttuen

¥ o VoA [ .
MUANINTUN UazWUEINGNDU lown bisacodyl,
desoxy-D2PM, dexamethasone, fluoxetine,
prednisolone waz tadalafil 4BNNAUNWUNEAN U9
d'd =Y = L 1] =1 -7
pinsUsanduziiesn 2 sie Tudladradediny
(% a £ o 1 . [
ANWULLEINGNDNY LU WU bisacodyl sIunU
sibutramine %58 dexamethasone SINAU
prednisolone %38 fluoxetine 594N U sibutramine
198 sildenafil 594NV tadalafil ez Wy 3 BUAENTINAY
laun fluoxetine, sibutramine waz sildenafil

Haata P o o
uanmnmﬁamemnLLmuﬁaQuuwﬂaauﬂuiu
NANNUILESNIVNS LAl LC-MS/MS la
o a?l =l < v a va q' ] o
sumstunsisuluraalfuamsnenumIsuIas
ANNFINTOMNNIANIFIU ISO/IEC 17025:2017
29EUNINAIPUNNUJUANT wazlaliuims
anneNeimgIsnwawndu leaauldendyanval
MITUINNAIPIUGINaNTUIUN 25 Funaw w.e.
2565

a5

9

maanaiaeunuilagtuiiimslaaniuly
HANS LS NI STEmATe LC-MS/MS #ile
wannguananseldlumsansdenziansihuangla
16 %410 lawn alprazolam, bisacodyl, desoxy-D,PM,
dexamethasone, diazepam, ephedrine,
fenfluramine, fluoxetine, phenolphthalein,
phentermine, prednisolone, pseudoephedrine,
sibutramine, sildenafil, tadalafil a2 vardenafil
Tagilanusnnzdaniinaassnsiihmaneiivins
ez Fiennemsasiaiadion linenauinai
WATHARUAN WANEIANNgNIBIWILE ANAhide

paauaine lFnanlumsasiadeneiay wams
anvienzsiiulumunasinesgu asnsoiniad
Tewannausnlglumsasnsdeneisaheu@nsam
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waneaule daiiAsaenanammnsatanldlums
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wazsavsungranazalsznaaa

Aeenssndszne
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vonlfiamsndaiuazionaangns dninaonw
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Method Mevelopment of Modern Drugs Adulterated in Dietary Supplement Products Kanyarat Chuakunchat et al.

The Method Development of Modern Drugs
Adulterated in Dietary Supplement Products

by Liquid Chromatography-Tandem Mass
Spectrometry (LC-MS/MS)

Kanyarat Chuakunchat, Witthawat Wangkaewhiran, Atcharee Inkaew,

Saovanee Wajasit, Suwimol Muadmah, Sakulrat Somsuntisuk,

and Thongsuk Payanan

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

ABSTRACT The dietary supplement products that claim to aid in weight loss, enhance sexual
performance, improve skin health, or cure health problems might be intentionally adulterated with
psychotropic substances or modern drugs. Misusing these substances can lead to serious health issues
or even death. This study aimed to develop the qualitative analysis method for detecting the adulteration
of 16 modern drugs, which are commonly used in dietary supplement products, including powder, tablet,
capsule and beverages. The extraction method involved dissolving the sample in a MeOH:H,0 (70:30)
solution and adjusting its pH to acid and then the extraction solution was analyzed by LC-MS/MS after
a 10-fold dilution. This developed method provided a limit of detection for confirming (cut-off) at 5 mg/kg
for all categories of the sample. The validation indicated that this method showed 100% of 9%diagnostic
sensitivity, %diagnostic specificity, %positive predictive value, and %negative predictive value. Moreover,
it was simultaneously used to analyze 16 modern drugs in a single run that reducing the use of chemical
substances and time consuming. Overall, this developed method is highly beneficial for ensuring that

dietary supplement products comply with the laws and for consumer protection.

Keywords: Method development, Modern drugs, Dietary supplement products, LC-MS/MS
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unanda  Fundlaled o uazadilelad Wumslunguadissslnalaladiiataldnnwahvnu Tashwhili
mslianuvmumassmeansznsassugy atiuil 418 w.a. 2563 mafnniliiiagussamdiiawannizinney
Sundlalyd o uazaiilelud losnagauanuldlavasituazszanaeenuliwiveursimsia msnadauanugnass
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
BeUSinanmnu 4.0 fadnsudanlansu drawssmaiawazanuiuduasiaglugi 2.0-100 lulasniudaiiaddns
mdnlszandmsaaaula (R?) uhiu 1 enuwiupedidlssfiuanniagazssmsaunduiienudaiu 4.0, 28 waz
140 fadnsndanlansu 2assunidlalyd o agludisesas 96.5-106.9 wazadilelydadlureiaas 96.0-109.8
anuiisasiumtlaled o uazadileludilafisensuls (HORRAT « 2) intermediate precision fUIMAINKa
MAAANRMBENMUANAMMNIBNILINIATalYd 1o wazadilalad iy 0.36 uas 0.45 MuaGy agﬂlﬁiﬁ%’ﬁﬁ

wanzaufiazlalumsanaiensisumalalad o wazadileladluihvinuluvasdjiams

maen: Sundlalyd w, adilelyd, vy, Blesinlannilueavaranssouzg
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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
200-300 WhBNNMa HaNuaAIneMiiuas

msgnlalaslad Jamnzaumslaluams™ o
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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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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
Ui 65 atiun 2 wweu - Igueu 2566

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

N5F5NTHANENANFATMTUWNE
U 65 aui 2 wwey - 9w 2566




Determination of Rebaudioside A and Stevioside in Syrup by HPLC Suthatip Vitchaivutivong and Sirithorn Putsorn

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

N3ENINFIANNEFASMSUNNEG

B 2 917 65 aiuft 2 anwneu - NuEU 2566

120.0



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

N3 ININTENFNTNSUNWNE
65 AUUN 2 WU - ALY 2566

[
=



Determination of Rebaudioside A and Stevioside in Syrup by HPLC Suthatip Vitchaivutivong and Sirithorn Putsorn

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

NININTNINENANTATMIUNNG
U 65 adui 2 wwey - 9w 2566




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

N3 ININTENFNTNSUNWNE
U 65 aui 2 wwey - 9w 2566




Determination of Rebaudioside A and Stevioside in Syrup by HPLC Suthatip Vitchaivutivong and Sirithorn Putsorn

Sum uxi/xi
Recovery /
Precision
Co
Vcurve

Vstd

0.0 10.0 20.0 30.0 40.0

41.4

AN 10 5988 YDILVAIA NN LN LUUBUYAIMTIAYBITUNG L 116 1B

Sum uxi/xi
Recovery
Precision

Co
Vcurve
Vstd

Mstd 6.2
Pustd 4.8
/

e / s
0.0 10.0 20.0 30.0 40.0

50.0 60.0 70.0 80.0 90.0

100.0
/ Ve Ve
50.0 60.0 70.0 80.0 90.0 100.0
100.0

/ s / 7 / /
100.0

AN 11 Sesazvauviaeany litiuauasmsInasadile lue

a 4
AU

iinsnnidpsdfidinsuasdiinammwuas
ANNUanNEDIMITNINNMIANTIIATILH assay
sasinndatummanguaiioaalnalalud Faanns
HPLC finvualuddanainnsiqadnvasan
#siiny FAO JECFA Monograph 10, 2010
NnnmsanwLasdu wuhiileld HPLC aaduiia
C1s vaeiwaldund Shimpack CLC ODS(M),
Nucleodur C18 Gravity, Alphabond C1s,
Lichrosorb RP18, Atlantis dC18 naasdld
A579AIEa NS5 IUsU e Llalyd 1o was
aiilalad wudl peak vasSumdlelad ta uas
aidlaladuanannulad @ resolution Waanin
1 wazanaidues Fayaz SU° #ildaasuil Agilent
ZORBAX C1s8 uamsusnlaifunu 3eldaaand

N3ENINFIANNEFASMSUNNEG
7 U 65 atud 2 ey - igueu 2566

Capeell pak C18 MG II fifimaganionaisiissy
Tu specification 283 steviol glycosides; JECFA
2010 Fewuhmsuenint Tesiinadumizie MG
II & packing (flu silicones polymer UUHIUBDY
silica vhldfienuadssannnyiinzes silica M

ASATINFBUNTTUNIUINGS AN NW U
Fiiadufionaiinsdnlusihmnu Lﬁﬂ@ﬂ1§iﬂﬂ’)u
MINTINNATEA WU peak vavazddainy-1a,
FAAITU, wadWILaN wazgasilaalisuniu
peak 2893UNAlalyd 1o waradilalyd aauanely
Mwi 3 wuddSAlElE matrix effect Toaeh CI
224 slope AR 1 LLAE y-intercept 2NNININATFIY
WU 0 wamsnedaueMNisafie NNy LOQ
0NN IAFN AN intermediate precision
yas3undlalad o wazadilalyd et Tasiien
HORRAT tagnh 2 aranuliuivauaasmsio



MAANNIUNGLalHa 18 wazadilalya luhvinumesds HPLC

BaNd waz A5 wadau

dlammam U fissduanuidesiu 95% k whiy
2 laen U vassumalelyd o waradilalyd whnu
3.0 Nadnsuaenlansy waz 2.2 Nadnsuaanlansu
MNaIeu lagaanuliwiuaurergmulInann
%RSDr (Horwitz's) x 20 laiesiiu 11.6 wae
13.6 Naansuaailansy muaeu

MNUIZMANITENTNEITIIUFY atiudl 418
W.A. 2563 MUUALEIENUMFRIoea lnalalae
Tagawiaiuadisns arndsearadinau
ANZNITNATDIMITUAEEN (399 ABLassEne
nIEMTNNEIIEY AUl 418 W.a. 2563 Srywila
sidnaalnalaladaail aealelad, Sumdlalyd Lo,
Sundlalad 4, Sundlelad @, Sundlalyd @,
Sumdlalad n, Sumdlalyd By, dalalud o,
sulslyd, adieaalulelyd wazaiisaalnalalyd
%ﬁm'ﬁ'uﬂ NNMIATIIIANERTRENUWUFF D
Tnalaladauq veanh 1 Wemwaudusiiona
wanIINHEIsNInsgINLasdiinnalnalalyd
mzhfrswmgq TINAFBUANINGNADIYBINITATIA
eziiiiesas 2 wiedl luaneaaaiimsldans
afaacisaalnalalyd Feiansvanduiunalelue
B, Fundleled & wisgadesalnalaludau
FaruRasliamsenadeunianmsal tiasaeiu
ANNABIMSATIVIATLasaRIaa lnalaladuiia
auq aall

a5

9

NAMINAFRVITIATLWIUNA LB lEd 1B way
sadlaladluthvnumuwnimeses g seeu
WUIEH TR R289A15AIANY LAY 2.0
faansuaanlansy dannavesmsiadlsunm 4.0
faansusanlansu 2nasmnawazanuudunse
aglud 4.0-140 Hadnsudanlanin Hanuuiuy
wazaNNLissmInzaniarlFasiadarsiluras

a

UJuams

Anenssndszna

yovauam AaRunsiigy Tadeuud diin
AMMNUAzANNUaBANBDIMS NlFAILUzUINSg

REUUNANNLIEMSAUIUNNEDH

ANEITANNDI

1. walng (Medthai). mjwmm dIINAMULDY
Uselembuaavavnu 14 4. [aaulail. 2563;
[AUdy 4 w8, 2565]; [4 wih]. whislad : URL:
https://medthai.com/%anunNu/.

2. EFSA J 2010; Panel on Food Additives and
Nutrient Sources added to Food (ANS).
Scientific opinion on the safety of steviol
glycosides for the proposed uses as a food
additive. EFSA Journal 2010; 8(4): 1537.
(84 pages).

3. Carakostas MC, Curry LL, Boileau AC, Brusick
DdJ. Overview: the history, technical function
and safety of rebaudioside A, a naturally
occurring steviol glycoside, for use in food and
beverages. Food Chem Toxicol 2008; 46(Suppl 7)
: S1-10.

4. Food and Agricultural Organization of the United
Nations. Steviol glycosides-69th JECFA-
Chemical and Technical Assessment (CTA).
[online]. 2008; [cited 2022 Apr 4]; [7 screens].

Available from: URL: https://www.fao.org/3/

at9e66e/at966e.pdf.

5. Food and Agricultural Organization of the
United Nations. Steviol glycosides-82nd
JECFA-Chemical and Technical Assessment
(CTA). [online]. 2016; [cited 2022 Apr 4]; [10
screens]. Available from: URL: https://www.
fao.org/3/brs566e/brs66e.pdf.

6. WIENFUYAADINT W.A. 2522. UszMANITZNTN
513U aﬁuﬁ 418 (W.¢. 2563) Goa MU
wannael dauly 5amsld wazanNTIUVRITnY
Bavuemns (atiud 2). TWAINYLUNE L 137
AOUNLAY 237 9 (i'u"?; 9 AAAN 2563).

N3 ININTENFNTNSUNWNE
U 65 aui 2 wwey - 9w 2566




Determination of Rebaudioside A and Stevioside in Syrup by HPLC Suthatip Vitchaivutivong and Sirithorn Putsorn

7.

10.

UszmAinUANENITNAITEIMSUAZEN (3D9
ﬁw%"yl,mﬂs::mﬂnizmaqmmsmqw (aﬁuﬁ 418)
W.A. 2563 panmuANNlUNIENIUYL RIS
W.d. 2522 (309 mvuendninasi @ouly 53msly
wazdnNEINYDNINYLIIBYUDIMNS (atuit 2).
[eaulail]. 2563; [§UAU 4 131.8. 2565]; [210 W]

whaele®: URL: http://food.fda.moph.go.th/

law/data/announ_fda/418_FoodAdditives.pdf.
Kitada Y, Sasaki M, Yamazoe Y, Nakazawa

H. Simultaneous determination of stevioside,
rebaudioside A and C and dulcoside A in food
by high-performance liquid chromatography.
J Chromatogr 1989; 474: 447-51.

73™ meeting of the Joint FAO/WHO Expert
Committee on Food Additives (JECFA). Steviol
glycosides. Rome: FAO/JECFA Monograph;
2010.

fivnsso flavfas. wunUidmanadauamugneag
yp9dIdeszimaaiilaosvasujudnisden.
UUNYS: NININEIAFASNITUNNG NTENTI
Z‘hﬁ'ﬁmq“ll; 2549.

11.

12.

13.

5500 NJYY, wazankz. wUHuanmsuszanm
Aanuliuduauzasnisiamanil. uunys:
ASNINEIEFASNITUNWNE NIETNTNFITIIUGY;
2550.

Eurachem Guide. The Fitness for purpose
of analytical methods: a laboratory guide to
method validation and related topics. 2™ ed.

[online]. 2014; [cited 2022 Jan 1]; [70 screens].

Available from: URL: https://www.eura-
chem.org/images/stories/Guides/pdf/MV
guide_2nd_ed_EN.pdf.

Fayaz S, Sharma R, Rajput YS, Mann B, Lata

K. Estimation of steviol glycosides in food
matrices by high performance liquid chro-
matography. J Food Sci Technol. 2018; 55(8):
3325-34.

N3ENINFIANNEFASMSUNNEG
Ui 65 atiun 2 wweu - Igueu 2566



mAeNzRIuMGlalad 1 uazadilalydluinunueds HPLC goriing Indrending was @355 wadou

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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uwhdanuis uanfuinmluiifiofioamgfl 2-8 asenuaided Tasmasavenuihuiladendud s flavidean aniu
NAFIUANNAIINNTUMA wui@a Escherichia coli uaz Staphylococcus aureus HAMNAIGTINNY 12 UaE 16
dondt anwanau leeldinausilaiiiv 0.5 log, ‘7;mmmu%qw'éuasqmauﬁamq%’amﬁlﬁ'atiwmuﬁ'm Haiadonlad
aansanaundugdunidinasyu L“l/d\l}Eﬂﬁlﬁ,mﬂﬁﬂ’am’i"flz\iﬂﬁﬂ’%’ﬁuagmﬂ‘liu‘?;flﬂ’ﬂuﬁmmﬂﬁ%ﬂu’]@ﬁj}uﬁ’lL‘%ﬁlg‘lﬂ‘u
mImuaNaumwaasiasljianmsealy athalsfimudasimsfnuiiinda Goe donuzrasmsudaazansivh i
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ANDITIN NULGY UBZADY

UNUI

MIMUANAUMN (quality control; QC)
Wunszuvaunsitldlumsasiaseuuaziihazie
FumsumsanTiiensimathwaniawfdams el
HamsnaaaUTilaianuusil (accuracy) ANuLie
(precision) LLE\S‘LhL%BﬁE] (reliability) élx‘lﬁgu
M3AIVANAMM NN AYTIMTUMITNATBUY BN
waljuannameqatiine winiy 2 zile loud
nﬁmuquqmmwmﬂu (internal quality control;
IQC)™ wazmsmuANAMMWMEUBD (external
quality control)®”

mamuanaumwmeludunszuiumslums
ATIRFDUMIN NN NEVMNBENYDITaNUHURMS
iiamuaNAmMWKIMTIATIE tharTamanaday
nmsmelaudaya MsguAIBENN MILaTENIBEN
MINENUKANTIANEA wazUFulamsuiaan
Tuudazduaau Tildndamamsienzinigndas
wazihiedia Fuwumuauammwluvasjiicns
Usznauas msaadauanyldlevasisnadau
(validation of analytical method %38 method
validation) M3MIUFaUId (method verification)
Ltaxmsmuquqmmwasjuaua (routine quality
control) MIAIVANAMAINNITNATIUNI LA
msmmﬁm‘swﬁ*ﬁw (duplicate analysis) gty
maUszidiuanuiisarasmsie e asadiath
Wenfugasn (2 subsample) agNUBSBEDE 5
ssnnumatiinnluudasasazaimsdn e
(test run) %mﬂumsmmaaummmmﬁmm
ﬁfﬂ%meﬂumsmnmL%ﬂl,%qqmmwLLa::L%qﬂ%mm
Tudradn Nualnaldsawiamiiauny druns
Lamﬁya@auw%ﬁ (spike sample) AnsuU3m
WlumsasiadauaN UL UDINITIATIZRMBEN
M39152988UANINYNEBITENINLTHUM INATDY
Imﬂwlﬁmﬁuw%ﬁmmgmﬂu positive control
waz negative control {UuMIMIVANNIZUIUMS
asiene Fnudamaeiaudogg gnagay
awnaLasada wn3asiiouszaunsalitldlumanaaay
warmsnenuwahgndamdali wahl1#dlums
Useiuaaumwaamsnaday™

nsauguannIwMsuantiunisnIugu
AuMMKAMAANENAhsNUMEn e l¥iAe
anusulalunamsiwansd Tasmseuiiou
NaMINAFaUITUINWaNU RN IUITaMSIENTIN
NAFOUANNTNNYNNEaNURTAMS Fududarmue
yathenuilmssusasenuainsawes s
a3z ISO/IEC 17025 MIAIUANMNIg
meluuasmeuanimaihidagdunidinasyuanld
MUANUMIUYUANUNIBMITNATDULEND

Uaytiuiesljlianisgadrinenluamisly
Wegdunidmaspudiiuinmlilusduuuaas
reference stock cryobeads %38 15% glycerol
broth figamail -70 ssenimaLFea wiamnn® di
stock culture %38 working culture UUDIWS B
dalihnsaiioudafuiigamgi 2-s ssrnaided
Asmanldnudasiimahi@aseasemsidsade
slloufuarormsidsadoniiome vnmnsdsade
nduuuaiids Hunm 24-48 $lue dudad
wazlFnmtumnsidsnda s-7 Ju® §ide
Flammesannmsesangdunidinasyuuiauuy
uiiianuieldlunservanqaninwanisnasay
wiaiflumadennilsiiazarmsoanssasnaiuaz
%gumauwmmmwwtgﬂqLﬁa'«gﬁw%z}'mm‘sgm o
ara1aa 8 buffer peptone water (BPW) wan
TEnulaiuiivazaansannuimusinandacay
dafiadanszesansasarsiazarald isdade
madeanluszuiidasmsldnudaly msfnenly
asailidanldide Escherichia coli \{udunuas
LWUATNISEUNINSU Waz Staphylococcus aureus W
UNUBBILUATIFEUNTNUIN %«%‘Jmﬁ%ﬁiﬁmuqu
Aamwluasd jUans

aunidnaspuldmuanaumMnmMInga

a

a L4 I o ¢ & g
AUAINEN Lﬂuﬁlauﬂ’iﬂﬁnﬂ@uﬂLﬂ‘Uiﬂ‘H’]LLBSi’JUT)N

9

angugaaunIgnemsunng antiiaeinenangas

9
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Lyophilization of Reference Microorganisms Preparations and Its Quality Control

Kamonwan Kantaeng et al.

(Uu reference stock 2aviasUfiinagatarine
Tuemns Tesfusnuniigusuiuuudiay (deep
freezer) (Haier ';Zu DW-86L 728D, China)
AN -70 asFnuwaLied U 2 MERUS
laun E.coli DMST 24373 Lot. Es63085 waz
S. aureus DMST 8013 Lot. St63041

Lﬂéaaﬁauaﬁ'aqqﬂnmf
Lﬂ%’rﬁNﬁ’lLLﬁ’QLLUULL“ﬁLﬁBﬂLL%Q (lyophilizer;
Martin Christ, 34 EPSILON 2-10D LSCplus,
Germany), Lﬂéaﬁfjﬂ?jwﬁa (Autoclave; Getinge
getting group, ’éu GE L600 series, Sweden),
w3aaivlalail (colony counter; model 3328,
USA), ﬁamwwsﬁ?a 35+1°C (incubator; SANYO,
54 MIR 252, Japan), @'amwm%a 36+1°C
(SANYO, 31 MIR 553, Japan), naa43an33@y
WUUFa9®) (microscope; Leica, Germany),
Eiwifmuumuquqquﬁ 47+£2°C (water bath;
MEMMERT, Germany), ta3a#aluih anu
auldem 0.1 waz 0.01 N3N (electronic balance;
Sartorius, '§'u BP2100, Germany), Lﬂ%fmwau
(vortex mixer; LABNET, 3u VX100, USA),
Maunthinden (glass bottle with screw cap;
Schott, Germany), Vaaanaany (test tube,
Kimble, Mexico), mmwm%‘ya (petri dishes) 210
1590 NadLN®T ¥38 15x100 Naatums, (Micro
QA, China), YiUe 1, 5 uaz 10 ¥aaans (pipette;
Witeg, Germany), loop tag needle L?I'Ell,?iya,
glass slide, hot plate with magnetic stirrer
(Stuart , USA), automatic pipette step volume
(BrandTech, Germany), Tip (Axygen, China),
9@ stainless §M5UUIIIUIOUA (vial), INEN
wozshazgiiisansanittiathosgiiiian

a']ﬂ'l‘it?;’il\iﬁ}la

a’lﬂ’l‘itgﬂ\‘il,%ya leun Brain heart infusion
broth (BHI; Oxoid, England), Tryptic Soy Agar
(TSA) (Scharlau, Spain) waz Buffered Peptone

N5F5NTIANENAFATATUNNE
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Water (BPW; Scharlau, Spain) %lilauﬁﬂw%lu
MIMWAe lewn 10% skim milk (Oxoid, England)
ﬂﬂi@lﬁ?‘\’l%Lﬂiﬁﬁﬁ@lﬁajﬁﬁﬁLgﬂQL%B lﬁlLLﬂ' "\]O'I‘LI'J‘H
9aun3d : Plate Count Agar (PCA) (Scharlau,
Spain) E. coli: Levine eosin methylene blue
(L-EMB) agar (Scharlau, Spain), tryptone broth,
methyl red-Voges Proskauer broth (MR-VP),
Simmons citrate agar waz lauryl sulphate
tryptose broth (LST) (Oxoid, England) &u
S. aureus. Baird-Parker (BP) Agar (Scharlau,
Spain), Brain heart infusion broth (BHI) (Oxoid,
England), coagulase rabbit plasma with EDTA
(BBL, USA)

WeuazasLad

Gram stain reagents (BIOTECH, Biotech
reagent co., Ltd., Thailand), Kovacs’ reagent
(Scharlau, Spain) §5azangd¥Su@DIN (diluent)
0.1% peptone water (Oxoid, England), 10% skim
milk luznaum YSinas 400 §addas DU 2 270
flashidieft 121 semnwalded Wy 5 Wil (aunndl
waznmilFddmnuuitimguaauue) anadau
matudloundimasnifa wesnnugdunidissnd

1 cfu ABNIIANS

nMawssNRdunidinesyulasiiniuiuuy

u,w'l,ﬁanuﬁ\mazmmﬂwssg

Do

LTENRUNTENINTTIU NAFBUANNUTENG

=

wazuantianiedinizeizalasinadunsd

a

snasyumeluiaafiiimsiiaglusiues reference
stock 30 (streak) uu TSA ﬁﬂﬂﬂuﬁqmwgﬁ
35 avFaFed Iy 24-48 e Fanadnwe
Talaiiudgnd (purity) o Hausniulalailiien
warfidnua@efuninumsies nntudade
ToTlaiiienaslunann BHI USaas 10 fiadans Usi
oo fl 35 asenualded 1y 24 #lue mugdlums
streak SIUUDIMSIABAUTDIWNETAUTYBITD

wiazzlauaznadauAMaNTANINEIATIANIE
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Fenaslianwalalaiimme (typical colony) uaz
KN INTINEUTUATINNTTNMINTINIATIEUNTY
uaazyia

MsLasENEe E. coli 1oy streak aquuy
L-EMB agar ﬂuﬁqmwgﬁ 35 aNENHALTEE U
18-24 11l @anlalafiuuuuasidsmassnan fiude
13i5i metallic sheen ﬁ?lﬂﬂ@ﬁﬂu*ﬂ']@%’;tﬂﬁﬁlﬂﬁj
ganvaz U wazmsfedunsy E. coli (Ju
wuaiiGevioudu fadunsuau, tryptone broth U
QNN 35 DIFNLBALTEE WY 4842 #Ta, MR-VP
broth ﬂuﬁqmw{]ﬁ 35 BaenLEaLFeE 1NU 2442 F2 T
warUnaadn 48+2 #1lag, Simons citrate agar UN

ol 35 avrmEaLded W 96 21NN waz LST

]
‘s

Uniigamgii 35 ssnusaiied 1 48+2 Hla
mae3enia S. aureus 1og streak asuu PB
agar Unilgougil 35-37 pernimaLied 1 45-48
#lua @enlalatinay yu MiGoy dimdsm w1na
2-3 Hadns seulalalililyududansaumelyula
ihlunaaaumsduaiiaail ganuas 31U uazmsiio
dunsn S. aureus \uuuaiiGagunan liasealas
dadunsuun Belalaiisnuaziwzasly BHI v

Ngaunndl 35-37 BIFEALTEE WY 18-24 AL
LGN coagulase rabbit plasma with EDTA waul

€

[ v

AN UNNaMn)N 35-37 BANLALTE G9NANIT

.

a

fiaan (clot) uszazq mely 6 Halaa
‘LﬁL%ﬂﬁﬁuﬂ%ﬁﬁlLgﬂﬂuaﬁﬂ’lil,gﬂﬁl,%a BHI
wtiusinu Tag E. coli SiUSinaudanigy 2.9x10°
cfu/ml uaz S. aureus MUSNEUEIMIRY 2.2x10°
cfu/ml @y E. coli DMST 24373 (‘zgmﬁ 1)
waz S. aureus DMST 8013 (*zgm“?i 2) Usnes 5
{08805 8911 10% skim milk USanas 395 Tadans
wanliznny Teglduneniu (magnetic stirrer)
MIDAMYUZUUIUTTY wiaussylu vial Usmes
2I09% 2 Hada05 408z 150 230 Varh2Iaameane
frumsindoudiigumgdl 121 aseoded
wiu 15 i Tesdawuunaing tieandani
waqmmﬂnﬁgwmwaﬁﬂmq i lumlduianuy
whdanuicluteisssziialiustadreaauiiv

(lyophilizer) Tagl#lusunsuuazannziiianiu o
Tsunsumuualigamaiuduiianinu -3o0 asen
waided 1y 49T Mntgulgunfiuaanssunums
M1WuAs (primary drying process) “?I'Q m‘ngﬁ -30
sseaded wu 1 Ml wdhuFugumgindlu
0 BNAYALTEE ANNAUYIINY 1.65 mbar WU
18 T uazdun@eanfizasnasinumsiliui
(secondary drying process) ﬂ%’uqmw{]ﬁﬁﬂu 4
a9FNizaLFEd AMNGUINAL 1.65 mbar 11y 4 97T
dlanssumanliuiadaauysalimsilashne
gegneliaiin Whaaninlenuaechagitilew
Tanmaieruumagdundgnasguimuiawuy
uwAidonuds Geedrdumumaeien fuldndasiid
thilaadin numsnszunn Wudnnluiifiogumgd
2-8 DNABAEEE WAINBBNIINATDUAIINAIND
Wuszez  naddeansd

MIguIaLg
dumadaniesenlawuugndase (random
sampling) Tagl#lusunsuandulsd https://

www.randomizer.org®

AMINAFAULAZIDILATISH
aranamaeNme BPW UsH1as5 10 §a3ans

MINISLEDNAIDENAINSIAU ) 82 10 L1 AU

]
o w o

MAUNADINMS U aMBeaNuaaseaUN5aN 1
108805 aeluaumnzida 2 U (duplicate) th PCA
12-15 §28805 WaN1¥A1D8NLAZIVISIAENLED
I & v & & & 2 v < 1% 3
Wudla@eniummnu asndSliiuuausananu
Unigaumail 35 aveniaidied 10U 48 7l U
Talatinegluzn 25-250 laladl Mnuuuqaunsd
aaUsunasen APHA 20157 §wsu S. aureus
=~ o o v =
wanlalathhaindandunsuuas streak aauUaIM5
dg’ dQI o 1) d‘ =
W@eaeWIz BP agar UnNaavgdil 36 a3
~ <& Py A e
WALt d WY 48 11NN lalatianwaeian: Aa Jaumn
muazlauiiv ihlunagau coagulase test My FDA
BAM Online. 2016 (Chapter 12)® & E. coli
wanlalatithandandunsuuas streak aquUDIYNT
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Lyophilization of Reference Microorganisms Preparations and Its Quality Control

Kamonwan Kantaeng et al.

\dgaidasnins L-EMB agar Unilgaumngfi 35 096
waded w24 1l Talaflanwazian: ds wuu
waziidmns9na1e § metallic sheen 10 lUnagau
NMNFIAA (tryptone broth, MR-VP, Simmons
citrate agar; IMViC test waz LST) ey FDA
BAM Online. 2020 (Chapter 4)®

nsnagauanaihuilaisniy (homogeneity
test)

dumnaidaiivaedonly $1uau 111000 a5
AANEHNUIUFAUNTE 2108% 2 2 (repeatability)
#1835 APHA 2015°7 Tagwasujidmsiilasu
ASTUTBNANNEINITONNNINIFIU ISO/IEC
17025:2017” ndUNAIFIURU{UANS
AsIINENEEASMsuINE raneaansilau 4043/50
nagauanuulsUsIumelurasdoudazan Tagld
Cochran’s test anyuthenlanmuamaada
ox ISO 13528:2022" waz ISO Guide 35:2017”
TogAwneranuulsusiuale one way ANOVA
single factor for homogeneity test 1#@) mean
squre between (M, yeen) 8¢ mean squre within
(M, inin) f»ﬁmmﬂ'wLﬁmmummgmiwiwwm
¢18819 the between-unit standard deviation
(Sw) logldgas:

Mbetween - (Mwithin)

n

(]

*n, = SNNUABINSTNT (n, = 2)

logldnasigansu s S,, Mslislaani
0.3S (A1 Sy, Ay 0.118 lawannismien
interlaboratory reproducibility standard deviation
(Sy) 284 technique uncertainty"? #1835 APHA
2015°" ¥peripaUfuAnmsgaiinelusnns dnin
AMMNUAZANNUBBANEDIMNS) Wazdin 51 F test
tawSsudigudn F, daend F,, sniiansansou

cal crit

MINAFDUANINAIAN (stability test)
Tosgunadadanusnmlunifioaumgil 2-8
9FTALded 1NANIANEERRINNMINATAUANN

N3ENINFIANNEFASMSUNNEG
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Fwdlaeniuudr 2 desf Taeldismsnasau
Wenfusumsnagauanuuiiawontu ¥ns
NAFBUANNAIINNFUMY 9 8 3 2207 BT 2 o
ThAmaswsamsnagauaNaIi luudazdUanst
Wisuieuiuramsnagauanuiuiisiafuly
e log,, loatnamimseaniy As manysolves
nashase@asuamsnagauauiiuiia@enu

wasANNANA) (|mean, - mean_ |) HAaand

homo

0.5 log,,"* uazgAMINAFBULNBNANINAFBUANIN

AAINAINAANININNT 1.0 log,,

We

L a o . . o

WodUNIEINaN 10% skim milk NEIUMST
o v 1 8 Ao v < v
MURIBUUSLE DN UINH AN e NeM WU unpu
dawauds dawduy Lifigwu Wauinuany
WU D AHAaNHUZABIHUNNG ATIAFAUNIS
azans WUMIUSTESIA) 0-3 LHYN NANNFINI5O
Tumsazara BPW leamely 1wl vasanazane
o v 4 ] = 4 4‘1” = [ 1
Nanwauzituraswaigudunududiaidedny ua
AN 3 LHBU MIBLAYABIDIAIMNS LHLATDINFN
(vortex mixer) SINMIBLALNANHULYDINTNDUNID
uandaniaeluyeamaruden

NAaNISNAFAUANNLTULILBLAEINUABILELD
E. coli YSinaugaciauiimadsyiny 6.639 log,,
cfu/ml @ S. aureus USinauzanauiiande
Wi 7.062 log,, cfu/ml (leadennnmadn@anau
[l o v =l < d%’ .
NIUNTEUIUM TS UULE B NN BT E. coli
WNU 6.860 log,, cfu/ml waz S. aureus WNU
6.740 log,, cfu/ml) msUsziiiunannuiuy
d” = QJ aa 1 1 =l v \
Walhennunnana wune F,, dendsann F,
M S, UpENT 0.35,, MH ISO 13528:2022"" AN
ashaienudlutila@eniuniaadza uansaily
agiany ISO Guide 35:2017°° %o E. coli ™
S,, AMmiiaani1 0.3S; udavialageianuily
lﬂql = L 1 lﬂgl 1 = 1
Walhenny dude S. aureus M Sy, AAWINAD

1 L [l = Id d‘” = [

0.3S; waasmadelufianuduiiaideliny
AAUEN LA 1
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WNANISNAFAUANINANNI WUNANNAIAIUDY  EIUANNANOIVBNETD S. aureus NUSNIUVRIED
o E. coli HUSinawaudaanaslihy 0.5 log _ anaslaitiu 0.5 log _ Tuszazauadmin 2-16
Tuszazauaduarvin 2-12 auaaalumwi 1 ouaealumwi 2

P a 4 I & = [ 4 £ .
M31N 1 MIaNAeNzIeNNUULDEEINUYNED E. coli ez S. aureus

E. coli S. aureus

mﬂ‘ﬁ Duplicate 1 Duplicate 2 Duplicate 1 Duplicate 2
(log  cfu/g) (log cfu/g) (log  cfu/g) (log  cfu/g)

1 6.799 6.756 7.079 6.991
2 6.792 6.602 7.000 7.041
3 6.690 6.544 7.000 6.934
4 6.531 6.602 7.000 7.114
5 6.643 6.580 7.000 7.041
6 6.623 6.643 7.041 7.114
7 6.663 6.690 7.079 7.000
8 6.672 6.491 7.041 7.176
9 6.477 6.732 7.114 7.176
10 6.643 6.477 6.973 7.079
11 6.699 6.716 7.146 7.230
mean, . ..., 6.639 7.062
Cochran,_; . 0.570 0.570
Cochran_ . 0.333 0.226
itical 2.854 2.854
F . iutation 1.031 2.201
S,, V39 S, 0.012 0.047
Sk 0.118 0.118
G, 0.250 0.250
F<F Passed Passed
S, <0.30 pt(a) Passed Passed
S,, < 0.3S,"” Passed Not passed

naYLKG) WaIiMsaadu (a) mu ISO 13528:202277, (b) @y ISO Guide 35:20177”
The between-unit standard deviation (S,, %38 S,)

Intralaboratory reproducibility standard deviation (Sy)

N3 ININTENFNTNSUNWNE
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Lyophilization of Reference Microorganisms Preparations and Its Quality Control Kamonwan Kantaeng et al.

KaNISNAFaUANNAINIYBY E. coli (log,  cfu/ml)

Logmcfu/ml
8.0
mean, ..~ mean, | < 0.5log
75 N
--------------------------------------------------------- mean,  +0.5 log ,,
7.0
ngn, " .I
... e mta " mean,,,.(6.639 log,))
» am
65 ® LY |
n
L] L]
L] "y " LI
————————————————————————————————————————————————————————— mean, - 0.5 log ,,
6.0 am "L"s,
l. -
LN |
[ u L]
a
5.5 " . - anm
||
u
5.0 - o o~ - o o~ - [ o~ - o o~ - o o~ - o o~ - o o~ - o ~N - o ~N - m o~
S 8 8§ % 3 5 8% % 8 5 35 § 8 23 3 8 3 T 3% % =8 38§ 8 = week / vial
m mean stability
= o & ) s
MWD 1 MINAFDUANNAINVANED E. coli muaduavin 2-21
L
HANIINAFIUMININAIMIYAN S. aureus (log10 cfu/ml)
logmcfu/ml
8.5
8.0 mean, ,mo— Mean, | < 0.5log
___________________________________________________________________________________________ mean, +0.5 log,,
7.5
a ..
g
. S mean;,, (7.062 o)
70 Ll L] amm " mug ®
[ ] - L]
a g a
.-. amg -
______________________________ ma | Mgm o w M. _mean,, 05loeg,
6.5 2" = . ..'I' " n
a - = .-'.- . mg -
L]
"an ' -...l .“. L] [ L}
6.0 " Sg a, -
- [ ]
a
5.5 o oo T N o oo ° N o oo C N - P A P R B o0 o oo
SR SFSSSSNSSS533ST TS IITINIIETE RS EERE week/vial

m mean stability

P o & & Vo ol
AMNN 2 MSNAFTIUANNAINIVDNLD S. aureus MUAFUMUN 2-35

N3ENINFIANNEFASMSUNNEG
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a 4
AU

.

EONEIUNTINUYN LU LA E DA LAIvdALA U

T
q

Tuiliifigamasi 2-8 ssenwaides Wuszaznm
0-3 1Hau lagasiadaumsazaanis BPW Janw
gasalumsazaramely 1 19 wasnazaned
dnwasfuzaavmduimiuidadedu dawa
msAnmenuaeelugie 0-3 Wou wu lmean,
~ mean_| fidlaiiaani 0.5 log,, uawasan s
Wou msazanadesndmsliiaias vortex mixer
NUMELALHD N HULYBINLNBUNIBHAN TN AN DY
Tumaamangudam snwamememwiivseavail
azanglaiianulaidhuilodeniu wuusinauoanas
NnnUSnandeneduiiuni 0.5 log,, Famnaiu
mmqwfiaﬁﬁwansz‘vmﬁ'ummméfwam%ammgm
fa3oule
Nnuansnaaauaiiuiledoifures
L§6N1m§§1u‘ﬁﬁhuﬂﬁﬁﬁLLﬁIQLLUULL‘ZfLﬁaﬂLL‘?IQ“ZJ’PNL%WB
E. coli wufianwilwilaiderdulunninms
msfinsan fa M S, iy 0.012 Adiiaend
0.3G,, (ALY 0.075) My ISO 13528:2022""
wazen S,, AMuaand 0.3S; (Hevnnu 0.035)
diafsanlegldinanions ISO Guide 35:2017
dmiuEe S. aureus lainsanlasldinamion
ISO 13528:2022"" wudhunas 1ileseane
S, Whiy 0.047 Fafieniasnh 0.3G,, (Newmnu
0.075) wansaikdnawion ISO Guide 35:20174%
wuwamsuseiivenufluiisidedulsishuin s
Muue laam S, NAINNI 0.3S MANTIZA
intralaboratory reproducibility standard
deviation (S,) fthinlFifuduasitldannmam
@ S, 89 technique uncertainty a5 APHA
20157 #eraelfuAmsyadrInenlueims diin
ANMNULAEANNUDBANEBINIT anavldeiile
Aauhaiaananuiuase demn ISO Guide
35:2017"" @aalu interlaboratory reproduci-
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Lyophilization of Reference
Microorganisms Preparations and
Its Quality Control

Kamonwan Kantaeng, Atchara Ukhong and Kanokchon Supaprom

Bureau of Quality and safety of food, Department of Medical Sciences, Nonthaburi 11000, Thailand

ABSTRACT Microbiology laboratories use reference microorganisms to ensure the accuracy, precision
and reliability of their analytical results. Prior to routine work, reference microorganisms must be tested
for purity and biochemical properties. This step can take 2-7 days, depending on the strains of bacte-
ria being used. In order to reduce processing time, we developed lyophilized reference microorganisms
preparations, which can be used immediately after rehydration. Skimmed milk (10% w/v) was mixed with
each reference microorganism and then aliquoted into glass vials. The vials were lyophilized and stored in
a dark place at 2-8°C. The lyophilized microorganisms were tested for homogeneity at three weeks later.
For stability study in terms of purity and biochemical characteristics, the results showed that Escherichia
coli and Staphylococcus aureus remained stable for 12 weeks and 16 weeks, respectively using 0.5 log10
as a criteria. These lyophilized products can be used as reference microorganisms for quality control in
microbiology laboratories of both government and private sections. However, further studies are needed to
determine the optimal transportation conditions and stabilizers for lyophilized reference microorganisms
in order to meet the reference materials-guidance for characterization and assessment of homogeneity

and stability according to ISO Guide 35:2017

Keywords: Lyophilized reference microorganisms, Quality control, Homogeneity, Stability
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Specifying of Pharmaceutical Products,
Cosmetics and Medical Devices in the
Accredited Laboratory Certificate of the
Bureau of Laboratory Quality Standards,
Department of Medical Sciences

Suwan Chuenjai,’ Awiruth Khejonnit,' Saovanee Aromsook,' Surasak Muenphon,®
and Patravee Soisangwan'

! Bureau of Laboratory Quality Standards, Department of Medical Sciences, Nonthaburi 11000, Thailand
’Regional Medical Sciences Center 9 Nakhon Ratchasima, Department of Medical Sciences,

Nakhonratchasima 30000, Thailand

ABSTRACT The specifying of laboratory accreditation scope of international standards is of considerable
importance to the issuing of laboratory accreditation certificate according to the requirements of the international
standard ISO/IEC 17025. Since 2013, the Bureau of Laboratory Quality Standards (BLQS) has determined
a guideline to define format and specify scopes of laboratory accreditation. Currently, types of pharmaceutical
products, cosmetics and medical devices are shown more varieties and relevant regulatory announcements are
revised and issued. These changes affect to the guideline for specify accreditation scope not only the processes
of pre-and post-accreditation but also the duration of the overall processes. The purpose of this study was
to analyze problems from collected data to suggest the current context to revise the guideline for specifying
of pharmaceutical products, cosmetics and medical devices to be mentioned in the accreditation certificate
of BLQS. The study was compiled from the accreditation applications in the fields of pharmaceutical
products, cosmetics, and medical devices of 28 from 127 (22.05%) laboratories with comparative data before
and after accreditation from the year 2020 to 2022. The results showed that the accreditation scopes specified
were deviated from the guidelines and the requirements of BLQS in the fields of cosmetics, medical devices,
and pharmaceutical products which were 55%, 38% and 7% respectively. This study indicated that those
relevant parties in the laboratory accreditation process did not have the consistent understanding of how
to specify the accreditation scope. In addition, there were more varieties of health products according to
the current situation. Therefore, this result will be useful for operators and related parties to accurately
and clearly identify the accreditation scope to be applied for the intended purpose and reduce problems

from correction.

Keywords: Scope of accreditation, ISO/IEC 17025, Pharmaceutical products, Cosmetics, Medical devices
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Retrospective Study: Lessons Learned and
Key Success Factors in the Promotion of

the Production of Thai Traditional

Medicines in Public Hospitals

Nophadon Luangpirom
College of Allied Health Science, Suan Sunandha Rajabhat University, Bangkok 10300, Thailand

ABSTRACT After the proclamation of the Alma-Ata Declaration, the Ministry of Public Health
responded to WHO’s recommendation by including traditional medicine policy to promote the use of
medicinal plants in primary health care (PHC) in the Fourth National Economic and Social Development
Plan (1977-1981). This research focused on the retrospective study of the lessons learned from the promotion
of the production of Thai traditional medicines (TTM) in public hospitals in Thailand (2008-2013) and
aimed to identify key success factors in TTM production development. According to the quantitative study
among inexperienced public hospitals, the key success factors ranked from highest to lowest were budget,
management, infrastructure, personnel development and networking. In contrast, the qualitative study
among experienced public hospitals, the key success factors ranked from high to low were networking,
personnel development, management, budget, and infrastructure, respectively. The discrepancy could be
explained that, among the experienced hospitals, networking was the key driver and the most important
sources of learning. The networking allowed the exchanges of both tacit and explicit knowledge that led to
comprehensive understanding and know-how to effectively execute the TTM production project. Thus, the
capacity of the project leader to influence team members and management personnel was simultaneously
developed. In conclusion, the effectiveness of the budget spending and suitable infrastructure should be

created by the project leader to successfully support the TTM production.

Keywords: Thai traditional medicines, Production, Key success factors, Public hospitals
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Introduction

According to the revival of Thai traditional
medicine (TTM) in 1978, various aspects and
practices of TTM have been promoted for health
promotion of the Thai people with the hope to fully
integrate TTM into the National Health Service
System, for example: medicinal plants and
traditional medicines." > TTM was neglected
for over 60 years until its revival began in the late
1970s as the World Health Organization (WHO)
had urged its member states to include medicinal
plants in their primary health care (PHC)
schemes. In October 2002, the Department
for the Development of Thai Traditional and
Alternative Medicine was established as a
new department under the Ministry of Public
Health®, comprising the Institute of Thai
Traditional Medicine, the Division of Alternative
Medicine and the Office of the Secretary;
currently, it is the Department of Thai
Traditional and Alternative Medicine (DTAM).®
Therefore, the government has been committed
to promoting TTM as another means of
health care for Thai people.*™® Thai public
hospitals have responded and started to
produce their own TTM products. However,
in the beginning, the factory infrastructure
and quality management system were poorly
developed.” To resolve such a situation,
the “Programme on the Promotion of the
Production of Thai Traditional Medicines in
Thai Public Hospitals” was initiated by DTAM
during the period 2008—2013. The development of
herbal regulations was at the international level.
So DTAM planned to improve and upgrade the
factory infrastructure and quality management
system of the public hospitals according to the
recognized standards, for example, ASEAN

GMP, WHO GMP and GMP PIC/s. In the
beginning phase, DTAM adopted the WHO
GMP standards in 2013. The pilot project
covered 47 public hospitals in five regions of the
country: the North, the Northeast, the East, the
South and the Central Parts. The project was
an extension of the Project on TTM production
promotion in Thai public hospitals for the
period 2008—-2013. Of all the 47 public hospitals,
only 27 could adopt the WHO GMP standards,
another 10 requested additional support from
DTAM, and the rest were still at the beginning
stage. So DTAM confirmed to conduct the
research study to find out the key success factors
in TTM production development in 37 public
hospitals and to use the lessons learned from
the TTM production promotion in Thai public
hospitals between 2008 and 201 3. The key success
factors should be the guidelines for all other
public hospitals which were in the process of
adopting the WHO GMP standards. However,
after the implementation according to the plan,
there was a dramatic increase in the number of
public hospitals that had met the WHO GMP
standards. The consequence was the more
acceptances in the Thai traditional medicines
produced by the public hospitals. Besides, more
and more Thai traditional medicines or formulas
have been accepted and included in the National

List of Essential Medicines.

Methodology

This cross-sectional study used both
qualitative and quantitative methods. The
qualitative part was designed for attaining
a preliminary conceptual framework and
proposing a development model; and qualitative

data were collected using in-depth interviews
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with 10 hospital directors, who were involved in
the development of TTM production in public
hospitals, including planning, organization
development, learning processes, networking
processes and resources allocation-in order to
pursue as many variables as possible that were
linked to the TTM production and development.
All the 10 hospital directors (executives) could
manage the TTM production very well and
the system had successfully met WHO GMP
standards.

The quantitative part included a
regression analysis designed to confirm the
consistency and explain the ability of the
proposed model. The unit of analysis included
the personnel who were involved in TTM
production in the 27 public hospitals. The
research period was between November 2013
and February 2014.

After literature review and reliability
testing of 30 questionnaires,®"" the researcher
conceptualized and proposed the model. Then
the model was validated by experts before
being distributed for further implementation.
The proposed model included independent
variables (physical structure, operational
personnel, networking, budget and manage-
ment) and a dependent variable (capability
of TTM production according to international
standards). The dependent variable was
operationalized according to the WHO GMP
standards and the questionnaire was written
in the Thai language to avoid misinter-
pretation of the meaning of the capability
of TTM production within the scope of
international production. The questionnaire
was validated by experts and with reliability

testing; and its Cronbach’s alpha was 0.890,
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which was deemed as good. The Cronbach’s
alpha is a measure of internal consistency,
that is, how closely related a set of items are
as a group; and it can be written as a function
of the number of test items and the average

inter-correlation among the items."?

__k Vi
o=k l_Vt)

The Cronbach’s alpha formula is where n
is the number of items, V, is the variance of the
total scores and V, is the variance of the item
scores. The questionnaires were answered by 70
personnel who were involved in TTM production

in the 27 public hospitals (n = 70).

Results

According to literature review and qualita-
tive research, there were five groups of indepen-
dent variables, which were investigated and
conceptualized as follows: physical infrastructure,
operational personnel, networking, budget, and
management (Figure 1). Physical infrastructure
had two elements: a) production infrastructure
and utilities and b) readiness of production
and quality control equipment. Operational
personnel variables comprised basic knowledge,
education level, experiences, skills, special
talent, and personal characteristics. Networking
was among suppliers, academic professors and
operational personnel. Budget sources included
the hospitals’ revenue and regular budget from
the central government agency.

Last but not least were management
variables, including organizational management,
management support, process management,
knowledge management, and external linkages.

At the experienced public hospitals, there were
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Figure 1 International production capability model of Thai public hospitals

personnel who had worked according to the WHO
GMP standards, while in the inexperienced
hospitals there were personnel who had worked,
but the work did not meet the WHO GMP
standards.

Regarding the qualitative aspect of this

research, among the experienced public

hospitals, the key success factors ranked from
the highest to the lowest were networking,
personnel development, management, budget,
and infrastructure, respectively. However,
the result of the regression analysis of the
International Production capability model of Thai

public hospitals (Table 1) was quite opposite.
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Among the inexperienced public hospitals, the key
success factors ranked from the highest to the
lowest were budget, management, infrastructure,
personnel development, and networking.
The regression equation was as follows:

Y =0.643+ 0.198Xl + 0.111X2 + 0.109X3 + 0.407X4 +
0.206X , where X = physical infrastructure,
X, = operational personnel, X = networking,

X, = budget, X = management, and Y = interna-

tional production capability model of Thai public
hospitals. Regression coefficient = slope of the
graph and constant = Y-intercept according to
linear regression calculation analysis.
According to the model, the five combined
independent variables could be calculated as
53.60% of the variation of the dependent variable
(R* = 0.536), F = 12.940, and p-value = 0.05.

Table 1 Regression analysis of production capability model of Thai public hospitals

Independent variables

Regression coefficient

Significant (p-value < 0.05)

Physical infrastructure 0.198 0.000
Operational personnel 0.111 0.000
Networking 0.109 0.000
Budget 0.407 0.000
Management 0.206 0.000
Constant 0.643

Multiple R 0.732

Discussion

Among the inexperienced public hospitals,
they were still struggling to meet the WHO
GMP standards, and they believed that the
budget was the absolute solution for everything
such as the acquisition of good infrastructure.
The more costly infrastructure would lead to
the better production capability of the factory.
In fact, there was no such guarantee for
this hypothesis. The production capability is
more concerned with both explicit and tacit
knowledge (in other words: know-how)."?
They were too naive and thus underestimated the
following aspects: personal development, learning
process, budgeting process, management
process especially in decision-making process,
process management, knowledge management
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and external linkage for know-how exchange.
The missing link of the budget to these variables
was the major failure of the inexperienced
group, especially the networking which
facilitates many aspects, for example, tacit
knowledge exchange, decision-making
process, learning from project mismanagement
and peer-to-peer review, better process
management, external linkage, and organization
management to cope with the rapid change in
production technology.

According to the qualitative analysis, the
networking is believed to be one of the key drivers
and important sources of learning. The
networking is a kind of social capital which
facilitates both explicit and tacit knowledge

transfer, but more for tacit knowledge. The
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social capital or the networking among public
hospitals is crucial to create mutual trust
and then the sharing of success stories.””
And such knowledge will be quickly transferred
for resolving the repetitive failure of TTM

production among the groups.

Conclusion

Thus, the right starting point is half
finished. The networking allows the exchanges
of both tacit knowledge and explicit knowledge
leading to comprehensive understanding and
know-how to execute the TTM production
project effectively. The project leader who
understands this phenomenon will be able
to cope, get involved and work with the top
management and make process management,
knowledge management, and external linkage
move effectively. Not only the production process
improvement but also the decision-making
process will be undertaken faster; avoiding
trial and errors will lead to the many problems,
especially the over-budget or poor budget
spending and implementation. Thus, the
capacity of the project leader to influence team
members and management staff should be
simultaneously developed. Finally, the effec-
tiveness of the budget spending and suitable
infrastructure should be created by the project
leader to successfully support the effective

and efficient TTM production.
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