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mMyIehlatiasanaanuInsis (Curcuma Longa L., Turmeric) nfidminelu
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o

NINRIANIATIVFOUAILUINIIMRIIRIATY  curcuminoids LLazﬂ@aaquﬂuﬂﬁﬂ'ummmﬁty
°llEIGLLllﬂﬁﬁ‘ﬂaqﬂﬁU%IaﬁLLUﬂqﬁﬂﬁﬂﬁdﬂzLaﬂjFJ NANNTILATIZAMYSUN B curcuminoids o
m‘iaﬂ”@mﬁufuﬁw?ﬁ High-Performance Liquid Chromatography (HPLC) wuind
curcuminoids 99.42% %dﬂixﬂauvl,ﬂﬁ’wmi 3 wha leun curcumin, desmethoxycurcumin
e bisdesmethoxycurcumin TuaSunoe 72.29, 23.50 uar 3.63% ANEIAL Lfiamaau
ﬂi:?m%mwmaammﬁ'@@”@n&hﬂum‘;ﬁufiﬂﬂﬁim%zy"uaaL%ﬂ?ﬁiaﬁ‘hmu 71 isolates Faun
mn@]‘”aazharj”dﬂaUﬁﬁmmimaa‘[iﬂ?uﬂa%a ﬁLﬁumﬂLm@]ﬁuﬁﬂﬁLﬁm@hm 289U5zind Ine
URZLALAUIW I@slL%ﬂ"iuﬁamumﬁhLLuﬂmﬁ@maaL%ﬂ@mqmauﬂ'ﬁmamUmWLLaz‘*‘E’Jmﬁ
fuganasal API-20 (BioMerieux) WAaNINARAUAILAT agar dilution method WUIIAIY
Liuiu@"hﬁgwﬁmmmﬂ'miamsm%mumau%a?ﬁia (Minimum Inhibitory Concentrations; MICs)
maam‘saﬂyﬂmﬁufuagluma 64-1200 ug/ml I@zlmmL?Tufu@ﬁﬂq@ﬁmmmﬂ“’usﬂm‘m'ﬁy
20915830510 'lel 50% (MICsp) ez 90% (MICe,) L¥INTL 625 pg/ml Uaz 800 ug/ml aNaENeL
ﬁw*}'umimaaummm@ﬁmaamiaﬂ”@mﬁufuﬁwauagjhmmsrj”ﬂuﬁw TagmIugarmnsf
fameasadnasdanuduts 1200 pg/lg lwih wuin ﬁmsmﬁﬁaﬁuamﬁﬁmmﬁaaglu
013Uz 70% ez 60% VaIANNTNTWISH Lfial,l,ﬁa']msagluﬁ'uﬂunm 30 uag
60 wiflmuiay  wamIfnsdsrininwasssaiaaiusulunssusimaasyeade
‘3‘1J’%IaLLazmmmeT’madmmn‘”@mﬁufﬂummirj\ﬁLﬁaagluﬁﬁ LEAIDNIANSATNYBIRITANG
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Abstract

Project Code: DBG4780004

Project Title: Development of Shrimp Feed Containing Curcuminoid Extract for
Inhibitory Effect Against Shrimp Pathogenic Vibrios

Investigator: Assistant Professor Pornchai Rojsittisak, Ph.D.
Faculty of Pharmaceutical Sciences, Chulalongkorn University
Associate Professor Janenuj Wongtavatchai, D.V.M., Ph.D.
Faculty of Veterinary Sciences, Chulalongkorn University

E-mail Address: pornchai.r@chula.ac.th

Project Period: 2 years

The commercially available turmeric extract from Curcuma longa L. was
standardized and evaluated for antibacterial activity against shrimp pathogenic vibrios.
HPLC determination of the extract revealed 99.42% of total curcuminoids, consisting of
curcumin (72.29%), demethoxycurcumin (23.50%) and bisdemethoxycurcumin (3.63%). The
antibacterial activity of the extract was tested in vitro against seventy one vibrio isolates
obtained from diseased shrimps. The diseased shrimps with clinical signs suggesting
vibriosis were sampled from different culture areas of Thailand and Vietnam, and the clinical
bacterial isolates were identified by API-20 system (BioMerieux). Minimum Inhibitory
Concentrations (MICs) of the turmeric extract determined by agar dilution method were in
the range of 64-1200 pg/ml. Analysis of MIC values indicated that 50% of the tested
isolates (MIC5,) were susceptible to 625 ug/ml extract while 90% of the tested isolates
(MICgqy) were susceptible to 800 ug/ml. The standardized turmeric extract was subsequently
incorporated in commercial shrimp feed. The stability of turmeric extract in the incorporated
feed was tested by immersion of the incorporated feed in water and the amount of
curcuminoids was assayed over different immersion times. In comparison to the starting
amount of curcuminoids found in the incorporated feed before stability testing (1200 ug/g),
the amounts of curcuminoids were approximately 70% and 60% measured at 30 and 60
minutes immersion, respectively. This study demonstrated in vitro anti-vibrio potency of
turmeric extract and the stability of the compound when incorporated in shrimp feed, thus
suggesting potential application as an alternative to antimicrobial chemicals in shrimp feed

for the treatment of vibriosis in shrimp culture.

Keywords: Turmeric, Curcumin, Minimum inhibitory concentration, Vibrio, Shrimp
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I‘Jﬂ%ﬂ%fﬂ%ﬁi%fiﬁ WNZLA S

aaudd 2529 (uduin muwzissfinadveslszinalneldidhgezuunmaifes
LUUWAW IneaInIimaassfiagnaninuibiNaiuNaNEn ansuensiasaiiana i
sl ldiAedymluszniemaides i dgwinsdanmiquaiwih dagwinaifalie
a ‘ﬂ‘y v ~ té t-ﬂld o e o v Y 1 ; v
dovta udu  dynmisndanudaguazansilifemslusznitamamaiosldide
o = a dq’ A A A A 1 v o =) 1 ra A
Fwann da midadeuuafiie  uuafiiFanalialufinanddinaongn uddiNeaaes
ngufinaldiiaanugyifoidudwiunin da ngw filamentous  bacteria  WazNgY vibrios
bacteria 178 vibrios vil#ifialialdyuussuaziidannansgs fasanide viorios rialsa
1@v9uu external waz internal infection (Lavilla-Pitogo, 1995) \¥8 vibrios (JulTaluaNLTe
Anwulaundnaluluimziauaziduitaatslanma (opportunistic  pathogen)  nsiiialse
S ¢ & ) ° v A A A v & Y o Aa
vibriosis lunsudssaduaungrildifansgayidvresnaniafolunsy lasfinadinda
& Ao & = =2 . A A @ .
Wadaninnrauadnalaniasauis 100%  lagiawizasnsdeluani1iznnissanisla
wanzaunIaanenilvieise Aiuamisnaad (Jiravanichpaisal et al., 1994)

anwmena llvaszadiusle

L‘%ﬂLLUﬂﬁL‘%ﬂﬁqafs‘lﬁiaLﬂ%L‘%ﬂLLUﬂﬁﬁﬂLLﬂiﬂJall Nanagay oxidase LuuIN (8NL1I%
2ofl)  anvosdugduriniaiduurislds sy lanslunnaziiinselideandion
(facultative anaerobe) (Elliot et al., 1992) lftaw sy catalase waz oxidase I5sihanaldlos
dunszuauwmIndneaznszuannsmely uuuafiSerialalasinsdd de wasale
ool unany LL@iﬁquQﬁeﬁﬁﬁmmmw%mﬂ@T (Funen, 2545) L%ﬁ]"‘;uﬂam%fy"l,@”l,u
mmngﬂuﬁaﬁﬁ@ blood agar uazlu selective media  Thiosulfate citrate bile salts sucrose
(TcBS) uamnsiassdadildlumssunnideivsle emsasade TCBS Usznausie
sucrose oxgall sodium cholate bromthymol blue Laz thymol blue indicators ﬁ@]‘mm}ﬂ/ﬁ
1J4e149 pH LYinNu 8.6 ‘%G"ﬁ’sﬂuﬂ’lilﬁﬁm‘,La‘]JI(ﬂ"UENEJﬁJ%IE] @1 pH ﬁga oxgall WAz cholate
"ﬁ’JUl%ﬂ’]i&ﬁ.lU%ﬂ’]‘iLﬁﬁEy“Ua\‘iL%ﬂtLUﬂﬁL?ULLﬂ‘JNU’Jﬂ Wa=1%a bacilli lactose-fermenting UNTa
8U M3 fermentation 989 sucrose 1 lunisugnidaiusle 1in V. cholerae fomuaudia
sucrose fermentative Lduun uaz V. parahaemolyticus Wuay (Delost, 1997) L%ﬂ’?ﬂﬁa

wapzilarldinalsalususduaziduaingvad food borne disease 1 Ha3u3la (uniiu
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V. cholerae Uz V. mimicus) #84n13 sodium chloride lunaaigidvla Ja3unigalunguis

71 “halophilic’ (Elliot et al., 1992)

a A o a A = 1 v . = . t:i o v Aa

wuaisudwaniuslefiatnatey 28 species laodl 5 species N lRiAalsAaIMT
\duislasunefiFalunguardoagluimziauaziwilaunuamnzia leun V. parahaemo-
lyticus V. cholera V. vulnificus V. alginolyticus lasiga V. parahaemolyticus WJulda
SR T S o SNP 7 SY A ¥
LLmﬁL‘%‘sﬁmmaglummnm"mymmmﬁ@ msmnwuL%amuﬂﬁmuagﬂuqmﬁgmaam

A U a ?,‘ :, 1 o > 1 ,ﬁ' dq' v a A Ada 1
nzia Aa dgamnndvesimziadindr 15 °C ANaT9 LUNULTa T Lm’mmﬂmm:mmaglu
AuAZNARAUNZLAN WANIARNAMIN  wziuaiisy lanudazn1izndanunauasanmeadn
& o o Aa =2 k4 ' A A A 'Y '
Fadusnzueaiunzia m raundanudnungluima wuhuuaniioTeunazenduas
NUAAITdWIN crustacean 13w M9 A4 1 M nnidainziasiinduy V. cholera (uigan
Lﬂumm@;"uaaaﬁamﬂiﬂ I@ULLUﬂﬁL%'Uﬁmﬁ'ﬂayjluﬁwanﬂiml,a:ﬂmﬂau1uaww15 V.

pe R 1 :’ | & a & a %
vulnificus mmlaglummmua:mmimm I(ﬂULa‘ww:‘v\auﬁﬁmlumnmﬁmﬁauﬂ%‘mmq

4 ' A %4 Aad a A L o @ A o @ ' o i

Uwianatig wIalnaunzLaNnTLFeD lis1wN1T11Ie mammvl,ugﬂmaa RIUNINLYN
ldannnasriiada guinninands nsuazy e V. alginolyticus Waz V. hollisae \Juuuafii3s
A o i & ° & A ° v 3 . o ' o gaa
wmﬂﬂaglummm mmmuawauazwﬂ%aamam WU V. alginolyticus M@288 AN
% % Aa ' :’ ¥ o (% & >
ﬂszg]ﬂaumaLmﬂumﬂau@umﬂmﬂummLa wanankaInylunay SATMMINLT UL N

pasnniivasinzia dhmziaguazwuidauuafisosiaigs (gummn, 2545)

1 4” =Y =Y v o
nsnalsazazaivilalunenaien

& AaAa A, v a @ o A ] | A o AaA o v A
deuuafiiefinaldifialialufanmdiinaengu udd 2 ngundnarldifienns
gyiFuuIn A ngw filamentous bacteria uaz ule  lasigaiuilavilwifalinguusind
a o A . . ' a A v
uazddnyn1Iansgs 1e991n filamentous bacteria nalsalaylUinzuTinaudfanuanvass
. ° [ a a v W v A& a a ' o &
(fouling) vhlWiuasmdulatiuszasnasuldld vaeiizaivilenalsaldnauuy external
w30 internal infection (Lavilla-Pigoto, 1995) TaduslaidwiBounafiionianwyldlurds
nad  wdeaislenia (opportunistic  pathogen) 8@IIN1IMBBITINMENGEALTE
uwandanuld asusdianiasauds 100% ludsnegluaniziaiua (Jiravanichpaisal et al.,
1904)  lazgnpiiinadegu@miniuszafiaveadouvafiionny  Insdnwludeilad
A A & a A & a a A ' o v Aa . . o 6
wuhfdSunaeadaualslumauariuslann Wwaiulenwuinvhlife septicemia ludas
3 wWan crustacean laun V. parahaemolyticus, V. alginolyticus W8z V. anguillarum (Eduardo
et al, 1998) Fedvslaninuivhldifalsaludinadiwziaodluads  laud v
alginolyticus, V. anguillarum, V. cholera (non-01), V. damsela, V. fluvialis, V. harvey, V.
neresis, V. parahaemolyticus, V. splendicus, V. tubiashii W8z V. wvulnificus (Lavilla-Pigoto,

1995) uaziraIvslafiusnldanfinmdthluaanadosinudiguasdeinelng ldun
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V. alginolyticus, V. cholera, V. damsela, V. fluvialis, V. harveyi, V. parahaemolyticus W8 V.

vulnificus (Jarernporn et al., 2003)

miﬁﬂﬂwﬁmau%a?uﬂaluﬁmmﬁﬂ I@ULﬁUﬁ"JaﬂNﬁ/\‘lﬂ’JElsJ’]LW’]ZL‘%aﬁ]’mﬁ’Ju
1 Y v 1 1 dql a al dl U 1
@99 woarfa ldurn hepatopancreas uaz hemolymph wuin iTaduslefiusnlasiulng
sznavany V. parahaemolyticus, V. alginolyticus, V. vulnificus, V. damsela, V. anguillaru, V.
fluvialis W8e V. harveyi (Jiravanichpaisal et al., 1995) lagwuMIAAEaNILLUTRALAEIRIE
. . . X a a A [ A (] A ' ¥
UL mixed infection ani@aIuila 2 vl emvvesdathonwuldun lidusshoi las
imzuSmii wisauaiute luifimsfadntilleifisuniu fedulnaid zoothamnium
RN KIWIBIMEUIIaMKIanuazidfan  Ma@uen1TInalan hepatopancreas
YUIALANEI ﬂaﬁw‘guLLidmadliﬂluﬁdI@wummiﬁaﬂmfﬂLL@isJ”ﬂwuiﬂﬁmﬁ?ﬂ‘iaumawau
. = f,’ L g A A o a
uropods, pleopods, periopods URs telson WJufihea dnwuseslsadaninsediuSiio
waen alpazmelwiia nodule Fén MIATIINWIAWLDINI WL MIGALBaLUY mild
infection  lu hepatopancreas tubule ﬁ'L%aLL'LIﬂﬁL%'mLa:ﬁmmaﬂ‘ﬂﬁm“ua\‘l necrotic
hepatopancreatic cells T lumen 323N haemolytic infiltration 1w interstitial haemal sinuses
fniufindaiseguunuauuafiiiodinamnaely  tubular lumen  FamnuMILAe
hepatopancreatic tubular necrosis basal lamina U84 tubule NULTALUANLIENANWIASAUIA
x4 y , ' - , .
PuLh899InNMI§I9 collagenous fibers WATWULTASNA nucleus AN spindle-shaped ag)
Tu collgenous fiber uazdl hemocyte WRaNTaUUSIL tubule v lkiAauduseslsauuy
A ~a =)
granulomatous NUILITH interstitial tissue L@ edema enlarged sinuses InmsacaNve9
eosinophilic granules L8z amorphous matter i infiltrated hemocyte TIUNL semi granular
A ' . o o CYY
Wae granular cells  hemocyte émmulmyl,ﬁu semigranular UNTINAINWD W TIRaNTEL
tubules % bacteria 131 N5AALDU old granulomatous WL3NE melanization wazlaiwuila
. g . v J U .
WUATILSE interstitial tissue S8UNBY granulomatous VeN88aNNINTK AN1IIII granulation
. = (Y . . Aa o
tissue TIUTzNaUAI8 collagenous fiber LLazN1T adhering Va4 cell Ni nucleus AaNMMY
spindle-shapes haemal sinuses L&z infiltrated hemocyte wananlu hepatopancreas oe!
§9WUNNT infiltrated V89 hemocyte ALAUAMTaULATISY lunaaiitariala  (Jiravanichpaisal
et al., 1995)

ﬂu@mﬁwuvlﬁﬂamluWﬁuwazwvﬂuazagmai'ﬂa'au do  TsndagedusloSesuss
(luminescent vibriosis) %w‘iﬂﬁﬁugﬂﬁaLﬂuﬁv’ﬁmﬁaum (Lavilla-Pigoto, 1995) fiaLwe
an V. harveyi  wonldandanedenlunzia  snwuidenieiiusiisiiuenuazannludn ld
V038R TNnzia MNdidanadinden Taowuifarsunmannlu maternal content G9virlwifa

: & ) . A [ A \ a a
ﬂ’]iLL‘Wiﬂitﬁl’]ﬂ“ﬂax‘it“ljai:‘,‘ﬁ’l’mﬂ’]‘i’l’]\‘ivlm E]’m’]i‘YIW‘LIVL@LLﬂ Ll]aaﬂlaﬂi']zuﬁlﬂﬂ']ﬁ Nﬁ;(ﬂﬁ%’]@]’m
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A o A A v Ad v & A A A a a & o & A \
wisduinlaen Mlimduduniadzues wianidudzunniathens  naaiedun
A ° Y ! AA W ! | A A a
ldfiomslusld  #wi9nsew  hepatopancreas RGN Houazuiu  wlavinGauaziiy
(Jiravanichpaisal et al., 1994) WwavuadLGa V. harveyi Nénanluwnsaiwizin wanimitaan
Y odqg o X [% v . oa o A v Y oAy o X . o o
ilEidesds ldun &sdudie wWianuanvasuids uazinfilfides arttemia losludldves
Y g =) 9 ¥ a =) g
wifaliaunafiSadIanamnnts 2x10° cellslg lap 63-77% dwidedusle uazduisa
V.harveyi  d3snasnniiga (16-18%)  lsmiuslaSasuasviliifiaanauismede
hepatopancreas L1 vhl#ifian13gniauuIians intertubular sinuses lfifiannuiduauga

N9 &avanuazyhliandaaioe lagh uazanolufige (Eduardo et al., 1998)

V. parahaemolyticus ¥l+ifialin red leg disease lurjs laswuirvilvtadidasns
anBfd >90% ANHMIILIA fa WUNITNIZANLVDY chromatophores U3tk periopods L&
pleopods ¥ lAtANIzNALduFLAd  WUNNTLAA pigmentation USLIok brachial region V89
cephalothorax M3AN¥1289 Sudheesh and Huai-Shu (2001) I@ﬂﬂ’]iﬁ@u%ﬂ V.
parahaemolyticus 0.1 ml T nd e mdesEeaR 3 uas 4 ihruUSunanda 1x10°
1x10°, 1x10* waz 1x10° CFU dada melu 6 Talusnasanaaiie wunalienms LRauT
F189 LHIMINITIRT etinn uazlifuss hemolymph liudsda szensRiduas Haesy 7
o[ ﬁ:ﬂuﬂg;umuﬂu (ﬁmﬁﬁné;u) laiane mm:‘ﬁlmg'u 1x10° CFU eng 100% UANE 1x10°,

1x10° U8z 1x10° CFU eng 80, 20 Uaz 10% @W8eL @1 LDy L¥inny 1x10° CFU

V. wvulnificus ¥nl#iialsa black splint syndrome &Lufj/dizsl: juvenile wusaulia
a o . . [ ¥ A ¥ o 1 v '
aﬂwmuﬁufg@m filament vﬁa splints sluﬂmmﬁa 6]5\‘158Uiiﬂﬁﬂx‘lﬂ\‘la%LL&JR]&N’]%H?tU’J%ﬂ’]i

Uy ililadufidasnisveasaaia (Lavilla-Pigoto, 1995)

s a A v o v a QI o di a 2( é
nmyinmlsaivleludiadldldnsdainiuinmiledadeluszozuan dsluns
Aa Y A XY ' ¥ o
Ujuasusnesrasevlasin @9 Nash uazam (1992) lalvdaianaiiarsinstosnulsn
A Aaddad A o Aa g @ ' a o 4 Y
Faduisndngalasarsfimidanng ww Lidsadamuiwiuld uazsnmguaiwiili
f13un0u phytoplankton  LANNT&EY N5 IMNTIANNZEN S2NALENTIHNTEI9lsABEN

M A A o o &
siavaNalvItaaalinlasiaisi

nmsdandymbsatadauuaiisaluninaie

% c.i o =3 c.qf £ o o va dw QI
nasniidszindalnsdszauanudnsalumamziaoaimaid dlddnsdoaia
J 1 6 gl/ v A *~ 2 a a dq( J 1 val v di ¥ Qs
andu wohhindsefaddgmdunafaliadadenindy dwaliimsldoniedasiu
LLazfﬂmIﬁﬂMWﬁwrj\mzhmws"v\msl iwﬂ”ﬂﬂ’]ﬂ‘fmasmvl,ajgﬂﬁaa
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o A Ada o X o o A A \ .
m(ﬂ’]ufgR%WﬂuﬂﬂilﬁuﬂﬂiuﬂﬁiLW’1$LaUGQGQE\]’]@’]N%&’]UT%@ LD oxytetracycllne

A { o @
ST UINNNIIEIENITA B NITINITAIRITLAL HNV I TN INUULAZ AN JUszinAauYIa
Il tlugadin Tasunzsinliltusuluwaivisuwe 25-50 Jadnsudatinninea 1 dlansuda
Tu IWnudadani 7-10 T4 oxytetracycline Ldunfliuadlunisaiuqulindaainilalu
Uszinalng udinanasauniedesdianswuindonvadisoisudanudiwnudasn
(Tonguthai and Chanratchakool, 1992; Jarernporn et al., 2003) m‘lumju nitrofurans @A
furazolidone, furacin, nitrofurazone L8 nitrofurantoin WuwegnamsltinaIne lindaita
a A L 1 £ 1 1 1 dy U =\
wuafiiieludadivden lagldawa 12 ppm  whduwinawiw wohelunguitldnadluns
1 v tg/ a =) v 1 1 v ] v 1 a ] &~ Q 1
daduiraiuslalurainaaasudwuiinisttons lailanaluwmsldlutiofu Lmﬂﬁ]'cguuslﬂuﬂq&l
wld'lasuaunaldld (Tonguthai  and  Chanratchakool, — 1992)  LTwideariuen
. ., . | C
chloramphenicol  H3in 3l ludszinalnouiwin 1ilada1nen chloramphenicol  fand19lu
° [N . . & V) v ..
a3 lWifia aplastic anemia luausd laglidunuanudutuuasm (Spoo and Riviere,
. . . a ‘é { et a g a al 2 o 1
1995) oxolinic acid LﬂumSﬂmuwmﬁlﬂumﬁﬂmﬂsﬂmL%muﬂaluqdqmm I@maglu
. A9 o > ) Y o A o | o A
U289 premix e AlFiuagivrwads lasldauwa 2 niwAlanivems detuluden
Wrnnatasnd 2 N3 uazlwuuia 3 nsw/AlanIva1nns luﬁdﬁﬁﬁﬂﬁﬂﬁﬁuﬁﬂﬂjﬁ 2 N5Y
FZLREYALIAITNNANIT 25-30 fuué’amnlﬁma%’aq@ﬁw uaﬂmﬂﬁmﬁmqa%wﬁuﬁﬁmﬂ‘*ﬁ’
luga i 1ou BIN§H sulfa-trimetroprim  N&a fluoroquinolone (@ (Tonguthai  and
Chanratchakool, 1992) Litasannsdrnasiiavassndugadniltludainduamsuss

v

dgmndaiandnalulitars (Graslund et. al., 2002 uaziauus 2547) vililinmaseunis
Igayulnslnoriiadig ﬁﬁqwﬂumiﬁmlﬁaﬁ;a%w lagminanaywlnsluamganauny

mﬂ"ﬁmﬁmﬁ;a%w

¥
E‘i&!%lﬂi“ll&l%‘ﬁ%

: £ A £ a v 1 va ‘ﬂ‘y v : e AA

ViUt (Curcuma longa L.) \Judwsugndiniagldan heluvasnituiintuils
whanduaufuseda  dndwanizdn  lugUiFoisnn  dasunavedsluwnsinm  aen
soniluga dwudeunsnninitlanass eanavnawenivlugluga aenfznn Junuf

A A A v A A A ° o o o . ° @

wiasme  dnAudrauFininieliin  dwmiudwiiuazind  (thizome) gihanldidu
Urlomiludiudeg gu Iidusnsudedindes idweJaanadyaudnfuuazialuaimis
wazfoaltluaiosdans sy aTuwiaid uruwany uazlatudnig duniniluuaauas
whssnansniuridugn lasmdassdutudgnilunssidouuaiss Wam wazaans

ANLEL ﬁﬁﬁummzmﬂumﬁui’uﬁmiwqmmim’]mmiﬂmﬁaa Yia90a LLﬁ%@ﬂLﬁE}@
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ssaynwulwndvesintuliznaudssvan 2 Uszan Aa 1) thauneu

Pz [ o .
oy T9Ua1TUIENaURAN VL(ﬂLLﬂ aromatic turmerone, a-turmerone LLRY B-turmerone Wae 2)
. . ‘é v v . .
curcuminoids ~ TIDUSIREN  Uvznausdas  curcumin, desmethoxycurcumin  LLag

bisdesmethoxycurcumin (Jayaprakasha et al., 2002) (gﬂﬁl 1)

curcuminoids JnNEMNILNEEINENANIY 1T qwﬁ%ﬁuﬁ;a%w (antimicrobial) (Mishra
et. al., 2005) @T’maggaﬁmz (antioxidant) (Grinberg et al., 1996; Bonte et al., 1997; Das et
al., 2002) GWENLEL (anti-inflammatory) (Ammon and Wahi et al., 1991; Brouet and
Oshima wt al., 1995; Joe and Lokesh et al., 1997; Rajakrishnan et al., 2000) RUSIRE()
(antiparasite) (Heng et al., 2000) @T’mmiﬂa'mwbuf (antimutagenic) (Polasa et al., 2004)
@TﬁuLLazﬁa\‘m"’umL%o (chemoprotective Lz anticancer) (Limtrakul et al., 1997; Inano et al.,
2000; Khafif et al, 1998; Perkins et al, 2002) uazgnavasnuanuidunseaosy
(hepatoprotective) (Song et. al., 2001) AnMInageua LT uNEVad curcuminoids ifu i
woenuuRmieltaadanuduiaiwn (Sharma et al, 2001) NNTBYIIULNFETINN
ez inengadu danuduldldadnigedn curcuminoids azfignalumstudimaasyes
L%a":mﬂariai'mlurjd uaﬂﬁ]’mf: anuduRsfigrunyile curcuminoids ﬁﬁ'ﬂﬂquﬂum‘i

W Ul T I a2k aulummﬁj’o WWan1TUasnunIaInen lina @L%aluﬁa

Lﬁaomﬂmsaﬁ'ﬂmﬂa&;u"l,wm”ﬂﬂi:ﬂau"l,ﬂﬁwmimﬁ%mMﬁﬂ lasasudazriiaaa
fonimansrinouazanuduied lwiniuwieuandnans nad mnmiﬁ'ﬁmﬁaanqw%{
Tusssnadusmmliminaualudazasivesmnta Warmsanasinanunldiinnie
m‘msm’%usiauﬁﬂﬁﬁ@ﬂvfym@i”mmmvl&iLLﬂuauluﬂﬂsaaﬂr]‘n%f@i”aUm@ﬁ mMsfAnEINMg
LnFTINaIINIANATY LN SeflemusuiuatnsfefiasdammulSinmiiuinanas
miﬁfhﬂ”ty,ﬁaaﬂnﬂﬁiumiaﬁ'@ﬁﬁﬂmﬁﬂm Tosgnsmanaineninwulussananiis 9 fias
\dugnsvasmsanafidsznenlddomsidnudazrialusandiufiani  aoiu Toyau
mﬁmadaaﬁﬂi:ﬂaulumsaﬁ'@ﬁﬁﬂmﬁaﬁmmﬁhLﬁuua:ﬁﬂsﬂﬂmﬂumimuquqmmwmaa
R1IENG ﬂ'ﬁﬁwmsaﬁ@ﬁﬁmmg’m (standardized extract) lUl43sqansnantymduana

Q€ v v a o s 1
Tiwiuenaasnmsaangnd uszsansnltidunnasgiusredslumsinlu@nsuazwamdaly
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H,C—O X A O—CH,
Curcumin
HO OH
@) OH

H,C—O

X 2

Desmethoxycurcumin
HO

O OH

AN 2

Bisdesmethoxycurcumin

HO OH

Eﬂ‘ﬁ 1 lassaemaiaiives curcumin, desmethoxycurcumin LLaZ bisdesmethoxycurcumin

ianilszasn
=3 gl’ a o 6 Q€ o aq’ S o & a

lunsdinsnit  Tlagdszasdnaseungnivessssnavdutulunisdudinsiaiyues
eduslanalialufinzialasfiminivquguninaassnsanadawiandnm  lagansania
A o 4o 2R o Aa, \ ' o o a & a
piiugunianlsdnsidusssianddminsagluiaiama lagsihundanzimysunm
m‘iﬁﬁﬂwmu curcuminoids 3 afi@  lewn  curcumin, desmethoxycurcumin  Was
bisdesmethoxycurcumin Liwal¥ansananihanldiduasanandunesgiu nnuinisdnm
navasssanaviutilunsduginaaigrendeivilenalsalugs luwideh dylanaaas
WansIEnauiutuluamIls  waznaseumIgiRsmIanaiutuanatmaieldluib
(Leaching Effect) iWanmudasiunmiadansana Liluamuaznisgaifsanamsidiu
luszndamilensds  wansnsdsza@ninmaessssiauiintulunmsdudimnaiy
10F03ule  uazAnNAsAITasRIEnaTiiutuluemIle  uaastadnonmwlunisliania
2 o ' v A ¥ o a & o A A o
sfiutudusrunauluamsdunedasiunsdaiseluds  Ssaradumaienlduniinuains
TunslEnaunuseugadn LLazLﬁaamﬂmsaﬁ'@mﬁwﬁ'uvlﬁmﬂmgu"l,mﬁ‘sswma NATNBNY
1A o =3 A c.i - U 2 IS dq' v
Iilanulsaansgs JemanInndniassnndgwinisandsvaseduatinluiiens
wannsgudumssauasunmslanswennsvasdsznd nelas lddasidnenIaansadian
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1. Wawiimsliensimdinumsddginesiilduesdluiagiuasananliug

2. nesouliAninmwuasassnasliutulumirediunmsesyveasoivile

3. MWIMAIAN MICs, WAz MICy  wNaldnuvSunmnumanzandnsulsidu
sautlsznavluamands

4. W Ismaeisuamiindsulsznauvesmnanauiug

5. neamaunIgRsaIEnasiutuanemnIiluluin (Leaching Effect) ianudn

v n:i a &/ eq: L= s A = [

aIITas BN IuIMazSIman I Iana Lilua i miagaiieananms i

Iz nIINIINA, GRVRRIN



UNn 2

25n1snaaay

d191ad

mi‘i_l%f,jﬂf{ curcumin  (99.56%),  desmethoxycurcumin  (98.77%) U’z
bisdesmethoxycurcumin (98.05%) Vl,@i”gnL@\%'Uu%uﬁm%’ulﬁﬂumsmmgm laguananKg
yfiutuiasmadin - column chromatography LLazﬁﬂﬁﬁqﬂﬁr@Twmmﬂwﬁﬂ ms‘ﬁg{aﬁ
Laﬂé'ﬂmil,l,azm'mu%qﬂ%inaam‘sﬁz\a 3 vhia linalia spectroscopy Was high-performance
liquid chromatography (HPLC) (Rojsitthisak et al., 2009) Chloramphenicol SRR Sigma

o o A v vy . . .
LRSAINIREAILAW 9 leun methanol, acetonitrile L8 glacial acetic acid \uwas Labscan

miﬁLmﬁ:ﬁmﬂ%mmmsﬁﬁﬁ'mﬂumsaﬁ'ﬂwﬁufu

L(ﬂ%wmiazmwaamsmmg’m curcumin, desmethoxycurcumin LS
bisdesmethoxy-curcumin aazzials methanol Tlianuidudn 0.3, 0.2 Laz 0.2 mg/ml U&7
1399196728 50% methanol 1ARaNNLTNTY 0.03, 0.01, 0.002 mg/ml MUFIAL ENTAZANLVD
ssanaudutuin asouln methanol Wdanuduts 040 mg/ml udasasndiy 50%
methanol ARG NTH 0.04 mg/ml &aa3azasitn HPLC system (Shimadzu, Japan)
lagltnasutiafia C18 (HiQsil®, 4.6mm x 150mm, 5y) muquqm%nﬁﬁﬁ' 33°C #igme
LRanfl (mobile phase) 1w acetonitrile uaz 2%acetic acid (40:60, viv) @ap8as M7 lwa
(flow rate) WD 2.0 mi/min 19 UV-Visible Detector 93293081371 425 nm lag@as1sazans
F1081971SuNATLYINAL 20 l ufin HPLC chromatogram uaz peak area UadsnInzaNgfian

AWIWANLUTNN T curcumin, desmethoxycurcumin &g bisdesmethoxycurcumin

U []

mmﬂm%mm‘[aﬁ‘l%‘lumsﬁnmmnﬁ:aihﬂ

& o ' o | ¢ o o AA o H i ' '

Wudmeensthsnnviuaesfinadnddiaasennstie s einevaula
LRENWATRITRARS mﬂﬁfuﬁ’m'mmﬂL“‘ﬁa’ju'ﬂammj’m”oﬂdn Tagn1swIzidaann

v . . . -

hepatopancreas maﬂqx‘iﬂmmlu Thiosulfate Citrate Bile Salt Sucrose (TCBS) agar GRS
I RLI e nIUALS e ﬁﬂmsﬂuﬁqmﬂgﬁ 30 °C 1w 24 T2lud lagRanianizida
AL AA A A A A A A ¢ & o . Aad
mu"l@ﬂ,ﬂiauﬂLﬁummﬂ’msaamamquﬁmma laun3gauunIy  oxidase test WazATNY

Fnadasuaasluasen 1 lagld APl 20E® w3e API 20NE” (BioMerieux)
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nIMasaUIzAUAN IS8T aNIAITIRADLIATRIATN

msmuquqmmwmufu ﬁﬂ@Um*m@aam:@”ummvlﬁwaaL%ammgm@iam
@Tﬁuﬁ;a%w lasnsnian MIC a3 chloramphenicol GiaL%aNmig’lu 3 7@ A Escherichia
coli ATCC® (American Type Culture Collection) 25922, Staphylococcus aureus ATCC®
29213 unz Vibrio parahemolyticus ATCC® 17802 Gevhanuduasudns g fiszylu National
Committee for Clinical Laboratory Standards (NLCCS, 2000)

msnagauanulrsurasdaiusladaasannawiu
msmaaum@hm’mLiuiu@ﬁwq@maamiaﬁmlfufu ﬁa’lmmﬁmﬁmim%mmau%a
Ju5le (Minimum Inhibitory Concentrations; MICs) 628335 Antimicrobial Agar Dilution
Susceptibility Tests ﬁmwmmgﬁw‘uad National Committee of Clinical Laboratory Standard
1) a.41. 2000 (NCCLS, 2000) G915znausnatunandng 9 it
1. muassuasanauiutuluomaaesie
1.1 azanuasanaviuts ¢1g 0.1 N NaOH a1nsiwdoansdasinnauiisinu
msandauds Tldnnududwsududn 24000 ug/iml wazvin Two-Fold
Dilution TAlaanuitiutuvasansana 1-1200 ug/ml
1.2 Borwmsanafiassudufinnuitutud1og @1y Mueller-Hinton Agar
(MHA) lugasain 1:10 lasgassazaisasansnn 2 mi laaslu MHA 18
ml 9218 MHA fAfisssnaauanututuiilinesauf 1200, 875, 800,
750, 625, 512, 256, 64, 32, 16, 8, 4, 2 uaz 1 pg/ml
2. maassudefilinagey
2.1 L@%U&JL%@N’]@WE’]% 3 o%e &WIUNNT inoculate LL@iazﬂ%LﬂiamuQu
ANIWYDINY L‘%?ammgmﬁl"ﬁ"l,ﬁuﬁ Escherichia coli ATCC® 25922,
Staphylococcus aureus ATCC® 29213 WwRy Vibrio parahemolyticus
ATCC® 17802 I@]EJLW’]:L%@ E. coli waz S. aureus adlbu Tryptic Soy Agar
(TSA) §IuLe0 V. parahemolyticus ABINFNUNGD 1% 831 TSA il
ﬁqmwgﬁ 37°C flunn 18-24 talus danlaladidldunlalutiunia
(0.9% NaCl) Usulwldanugwifisuiriniy 0.5 McFarland %w:ﬁﬁaag
Uszanm 10° CFUMI tiavslusinndossdn 10 win leuSunandatlszanas
10" CFU/m
22 zdeiusleadln TSA finsuinde 1%  wwdsiniumseiouda

4193374 V. parahemolyticus
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3. MINARAUMILIUVAILTOLUDWI LRI TN NANENTRN AU T

3.1 IﬁiL%aﬁm%mﬂu%QaJ multipoint inoculator Galaidalet 25 isolates lag
wiafuidmivladonasuld 3 isolates  uazdmsuladaivsle
nagayle 22 isolates

3.2 rhslL%amﬂﬁquawummﬂ?;mL%ﬂ MHA Answsnsanaudutuliud o
"l@Tﬁ;@L%@%dﬁL%ﬂﬂ‘s:mm 10* CFU/spot

3.3 1iial4 multipoint inoculator fneaasls MHA finguansanauduiuliud
?Tavlﬁﬁmg@ﬁmmﬁauﬁa ﬁﬂﬂﬂuﬁqmﬁgﬁ 35-37°C 1Juian  16-20
2 la4 Ehu,waI@UgmmLiufuﬁﬁqmaam‘saﬂyﬂmﬁufuﬁmmmﬂhEﬁﬁms
Sasuuaiiise e dufinduedn MIC

3.4 Awnnziwalaslslysunsy WHONET5 (WHO, 2000)

msm'%amLtazﬂfmquqmmwmmsﬁ:\aNaumsaﬁ'ﬂmﬁuﬁ%

ﬂ’lsm’%ﬂmm:muquqmmwmmirj’dwaummﬂ”@mﬁyufu UTeNoURIBT A AU 9

wadia it
1. wﬁyummifja‘ﬁ'ﬁmuwawaomsaﬁ'@mﬁu{u MlasnIeIoNRITATA VDI
ssanavdusuluirnazanafivanzay  mntwiiatazanoiasoylelynay
Mmmﬁa Lﬁaslﬁ"lﬁmmLﬂTw?Tuﬁmm:amaom‘saﬁ'@mﬁuﬁmummsrj&
2. mim‘uquqmmwmwmj”awaumsaﬁ'@mﬁu{uﬁm‘%mufu Mlasnaaeh
widTinmansdAnyinaiaiinesdlua1mn walnmuanududurasans
aﬁ‘mﬁuﬁ'u‘lummsﬁdﬁm%'ﬂmfu F9sznaueTwaawa I
2.1 MILOIUUEINTAIVBIFNINGIINASATuosa lasthasunaigin
nasarfivasdidsznavldae curcumin, desmethoxycurcumin L&
bisdesmethoxycurcumin azanely methanol lWlianuituds 0.5 mg/ml
NN 138919078 50% methanol TWHanuTudulutig 3.25 — 97.5
pg/mi

2.2 MIAIYUFIALALAIBENIDININI *fnmm‘srj\ﬂﬁwaumsaﬁ'@mﬁuﬁumﬁ
sz 1 g AzaN8e8 methanol b volumetric flask ¥41@ 10 ml 31N
ifufll,ﬂ@laaﬂ&l’lﬁi’lu’m 5 ml Lazt3831968 50% methanol 14 volumetric
flask Y19 10 mi

2.3 mﬁmmzﬁmﬂ%mmuazmwLm”u"ﬁu"uaamsmm’ﬁaﬁuamﬂummsﬁa
@y HPLC las@asIssangunaIigiuuazansssalgaiog9ian  HPLC

system (Shimadzu, Japan) ltnaanitaiia C18 (HiQsiI®, 4.6mm x 150mm,

5u) MIUANaMANAN 33°C  HipnnAledawfl  (mobile phase) Lilu
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acetonitrile Wz 2%acetic acid (40:60, v/v) MEBATINT NG (flow rate)

Wiy 2.0 mi/min 19 UV-Visible Detector a3793a8157 425 nm lasda
fIRzaN8AI0819AUSINAIYINAL 20 pl ufin HPLC chromatogram wae
peak area TAIENIAEALNAA  AIWIBAMNLSINBALAZANUTNTHD B
curcumin, desmethoxycurcumin, bisdesmethoxycurcumin Wae tolal

curcuminoids slummsrj“a

msvmaaum‘sgzyLﬁﬂm‘saﬁ'ﬂwﬁufumnmm‘sﬁﬂﬂ‘luﬁ'\ (Leaching Effect)
mInaseunMIgyLiumIanaviiutuanamaielllui (Leaching Effect) vilau
lasmsugemsniidiunanvasasanaadusulwindwiaids o faw Aa 5, 10, 20, 30 Uaz
a & o, o ' A & A & a o @ fa A & A
60 U IMNUUINAIDE1IDIAIINALNILATIEHARLTUN NI Y LADIAITUDATIAILNRD
Q"lumm‘s I@mlﬁ‘i%‘mﬁLmnzﬁﬁﬂfemmslw”’n]”aﬂm,@%‘ﬂuLLazmquqmmwmmsrjaNaw
RVIRNAVIUTY N AW WRITDYAZVBIANNIT NI UY DIRIITFNAVTUT UL TLN VAL
AAWITNAY LAZRTINNTINLRAIAINUTUNWTIERINTO LR IA MU U b NUIZEZLIAN

maammsrj&ﬁl,vﬁaglum



AANIINA|DI

m‘m‘nﬁLﬂi’]:ﬁﬂ%mmms&ﬂﬁ'mjlum‘saﬁ'ﬂw?jufufm 225 HPLC
NNMIUATLALUINND  curcumin,  desmethoxycurcumin WAz bisdesmethoxy-
curcumin Tusnsarasiutudrs HPLC & chromatogram @”ﬂLLamlugﬂﬁ 2 WU aIEna
piugulWReLAadud retention time Uszanms 12.97, 11.58 uaz 10.33 w1l saaAdadnLRe
VBIRIININIZIU curcumin, desmethoxycurcumin LAz bisdesmethoxycurcumin GNEGL
AMNMIATWIHNLTN mmﬁ'@mﬁufuﬁlﬂumimaauﬂszﬁw%mwiumsﬁuEﬁm’mﬁmﬂaa
doduilerelsaluds UsznavlddheSinmensidafie curcumin, desmethoxycurcumin
W8z bisdesmethoxycurcumin LYINAU 72.29%, 23.50% Waz 3.63% aua1al wazduIunmaes

curcuminoids 334 tYNNL 99.42%

& a a A s [V
nsugnigaivsleflalwns@nsainiedae

A & o ' v | A A g [ [ ~ ~

LaJaLmeam\‘lq\ﬁhmnﬂwu‘ﬂﬂ’mamlmammmzu J2UDY WATAITITNINT
@ = Ad v ¢ © A A A |
AUNLYI U3297003VUT Uaai WAETUWI UAzIINLNBI Nha Trang Uszneigauiy wuan
L%aﬁu'%laﬁLLﬂﬂaﬂﬂfj'dﬂaUf{hmu 71 isolates suNIRdMunladn V. alginolyticus 4
isolates, V. cholerae 14 isolates, V. damsela 5 isolates, V. fluvialis 22 isolates, V.
parahaemolyticus 18 isolates Waz V. vulnificus 8 isolates (157197 1) didaduslanuenlyla

Tun3@nE1dszAnTnIwaaIssanaudwkea 11

miﬂﬂaauﬂizaﬂ%mwwaamsaﬁ'ﬂmﬁuﬁ'ﬂ%msﬁuzﬁ:msm‘%mﬂaaL%ﬂ%ﬂ%faﬁafiﬂiuﬁ:a
Naﬂﬁmaamm”ummvlﬁwau%ammgm@iam@i”wuﬁ;a%wLLazmiaﬁmfwﬁ'u ot
uaealuen199 2 Tagwudn @1 MIC 289 chloramphenicol ¥inAU 2 pg/ml fMSULTe E. coli
e S. aureus WAz YNFL 1 ug/ml §nSULBa V. parahaemolyticus 814N MIC Ua9sN3&Ta
mfiyufu@im%ammgmﬂ% 3 wiia Jarinn de 625 pg/ml (@390 2) EMSUMIANE
mm"b%’maaL%ﬂ?ﬁiaﬁﬁummqmaaﬁaﬂaU@iamsaﬂ”mlﬁwﬁ'u WUIAT MIC BaIRIIENA
mfiyu"ﬁ'uagjlumm’num‘fwﬁmfutd 64-1200 pg/ml (@m’mﬁ 3 uaz 4) lagdn MICs, (Minimum
Inhibitory Concentration 50%) ka8 MICgy (Minimum Inhibitory Concentration 90%) Wiy

625 WAz 800 pg/ml aWEGL (3UA 3, 397l 4)
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e D

0 2 4 6 8 10 12 14 16

a1 (WM)
gﬂﬁ 2 HPLC chromatograms 8381382818 curcumin 0.03 mg/ml (A), desmethoxy-
curcumin 0.01 mg/ml (B), bisdesmethoxycurcumin 0.002 mg/ml (C) LLazm‘saﬂ”@“nﬁufu 0.04
mg/ml (D)



@131 1 MIdwunsiavedida vibrios mMugUENLANIINMEAWLA AL (Forbes et

al., 1998; Barrow and Feltham, 1993; Wachsmuth et al., 1980; Elliot et al., 1992)
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(%]
2 3 0
o o KWy K% < =
S g 3 s 9 S g
3 3 g S S S =
S < S > 8 o 3
S S N = N 2 S
®© ~ ~ > > © ~
~ ©
>
Colony on TCBS Yellow Yellow Green Yellow Green / Green Green /
2 o
Yellow Yellow
Growth at 42°C + + - v v + +
Gram stain Neg Neg Neg Neg Neg Neg Neg
Cell morphology Short rod| Short rod | Short rod | Short rod | Short rod | Short rod | Short rod
Catalase + + + + + + +
Oxidase + + + + + + +
Motility + + + + + + +
Decarboxylation of
- arginine - - + + - - -
- lysine + + d1 / v2 - + + +
- ornithine d1 [+ d1 [+ - - + d1 /+2 v / ¥
Citrate utilization d d - - nd d d
H,S production - - - - - - -
Nitrate reduction + + + i + i +
Voges-Proskauer + + /v2 + - - - -
Growth in NaCl
- 0% - + - - - - -
- 3% + + + + + + +
- 6% + d'/ 2 d' /v d' 7+ + d' 1+ +
- 8% + - - \% \% i -
- 10% + - - - v - -




@397 1 (d8) MIduwnsiiavadile vibrios MuAMENUANIINMEAWLATLAL (Forbes

et al., 1998; Barrow and Feltham, 1993; Wachsmuth et al., 1980; Elliot et al., 1992)
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3
3 o ® S 2
< : g 3 s | 3 | 8
E S : : s | S
5 5 S = < S 3
© ~ ~ > > o ~
~ @®
~
Acid production from
- salicin d - - d nd - +
- lactose - - - - V - +
- arabinose - - a / + + - d1 / + -
- sucrose d1 / +2 + - + Y, - -
- sorbitol - - - - nd - -
. 1. 2 1 2
- mannitol + + -/ + + + + /v
- mannose + + + + + + +
- D-Cellobiose - - + + nd % +
Synthesis indole + + - d nd + +
Synthesis urease - - + - v a /v -
Synthesis gelatinase + T+ - + + + T+
ONPG - + - + \Y - +
Susceptible to
- 10 ug/kg O/ 129
- 150 pg/kg Of 129 S S S S S S
+ = 85-100% NIANAUIN S = fanuhiu
d = 16-80% fAlWHaL2N R = #0186 %N%
- = 0-15% NIRNALIN nd = no data
v = NaLLlIHi o = lalativasdasiulngifiden

0/129 = Vibrio static agent : 2,4-diamino-6,7-di-isopropy! pterdine
ONPG = O-nitro-beta-D-galactopyranoside hydrolysis by beta-galactisidase

1 = 879970 (25-27) Uag 2 = 819370 (28)




A13199 2 NANIHUEITOUUATIITINIATZIUVEILT Chloramphenicol (positive control)

Wa=ESENAUIUT Y
& o MIC (ug/ml)
RIINGORDU Lﬁ@LLUﬂYILiU&I’W]Sj’]% — =
NANIINARU ANaNa*

Chloramphenicol | E. coli 2 2-8

S. aureus 2 2-8

V. parahaemolyticus 1 -
ssEnaviuTU | E. coli 625 -

S. aureus 625 -

V. parahaemolyticus 625 -

*Acceptable quality control limits of MICs @1u319337% NCCLS (23)
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A ' o 2 o & o A v 1 =
AN 3 A1 MIC UaIRNIRNAVUUTUGaLDa vibrios Y]LLEJﬂﬁJ’]ﬂQG'}J’JSJl%LTGIﬂ’]‘SLaEJG

S =
AWNNUBNY aaﬂi:mﬂ"lmmmxnfmmw

No. Isolation Regional MIC (ug/ml) ID
1| V. alginolyticus 4l 750 15
2 | V. alginolyticus nyed 256 18
3 | V. alginolyticus UATAITITNINTY 625 124
4 V. alginolyticus RN 256 60
5 V. cholerae nicy 750 16
6 | V. cholerae IUNY3 750 771
7 V. cholerae cVufim_ﬁ 750 7712
8 | V. cholerae N3 875 78
9 | V. cholerae a39 750 32
10 | V. cholerae @39 750 33
11 | V. cholerae WATAIDITNID 1200 127
12 | V. cholerae UATAITITNINTY 750 140
13 | V. cholerae WAIAIDITNID 256 141
14 | V. cholerae U32220AITUS 800 193
15 | V. cholerae Ureufsaus 750 197
16 | V. cholerae Usanys 875 179
17 | V. cholerae Unanys 750 180
18 V. cholerae GANRN! 750 157
19 | V. damsela A3 875 42
20 | V. damsela TUNT 625 99
21 | V. damsela Uaandt 625 263
22 V. damsela RN 256 65
23 | V. damsela Uszinenigauwal 256 V16
24 | V. fluvialis nadl > 1200 1B
25 | V. fluvialis nyzil 512 7




@139 3 (AB) A1 MIC BasmIanaviiutudaida vibrios Awsnandadholuwants

& & A a
Lﬂﬂd@]’]dwuﬂmadﬂizLYlﬂVLYlULLE]&L’J HIRE PN

No. Isolation Regional MIC (ug/ml) ID
26 | V. fluvialis nyzil 750 11
27 | V. fluvialis nedl 875 13
28 | V. fluvialis nadl 875 21
29 | V. fluvialis nyed 875 26
30 | V. fluvialis nyed 750 28
31 | V. fluvialis TR 512 49
32 | V. fluvialis TUNLT 750 57
33 | V. fluvialis N1 800 81
34 | V. fluvialis WAIFITIINTD 512 132
35 | V. fluvialis WAIAIDITNID > 1200 139
36 | V. fluvialis U32220AITUS 256 192/1
37 | V. fluvialis Ureaufsaus 256 192/2
38 | V. fluvialis Uaanil 512 268
39 | V. fluvialis pEHILN 500 63
40 | V. fluvialis RN 625 69
41 | V. fluvialis PEHLN 875 72
42 | V. fluvialis RN 875 73
43 | V. fluvialis PEHLN 256 74
44 | V. fluvialis pEHILN 875 75
45 | V. fluvialis Usznenigauwal 256 V29
46 | V. parahaemolyticus | N3 z‘fi 750 14
47 | V. parahaemolyticus ﬂiz‘fi 512 19
48 | V. parahaemolyticus AUN lﬁ 800 83
49 | V. parahaemolyticus | TUN3I 64 103
50 | V. parahaemolyticus | TUN3I 800 104/1
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@139 3 (AB) A1 MIC BasmIanaviiutudaida vibrios Awsnandadholuwants

& & A a
Lﬂﬂﬂ@qﬂwuﬂmaﬂﬂizLﬂﬂvLﬂULLE‘]&L'J HIRE PN

No. Isolation Regional MIC (ug/ml) ID
51 | V. parahaemolyticus | TUNI 800 104/2
52 | V. parahaemolyticus | WATFIBITUID 750 237
53 | V. parahaemolyticus WATAITITUINTY 512 238
54 | V. parahaemolyticus | U32970A30UT 750 184
55 | V. parahaemolyticus Uaenit 256 265
56 | V. parahaemolyticus Uaan 512 267
57 | V. parahaemolyticus Uaanf 625 279
58 | V. parahaemolyticus | Ua@anii 512 281
59 | V. parahaemolyticus | 32883 800 58
60 | V. parahaemolyticus | 32883 625 59
61 | V. parahaemolyticus | 32883 512 245
62 | V. parahaemolyticus | 32883 750 251
63 | V. parahaemolyticus | R3IVU\N 600 234
64 | V. vulnificus naedl 875 5
65 | V. vulnificus nyedl 750 17
66 | V. vulnificus nycy 800 217
67 | V. vulnificus 739 750 31
68 | V. vulnificus 739 625 44
69 | V. vulnificus 739 625 46
70 | V. vulnificus P4l 256 61
71 | V. vulnificus pi1ikN 875 67
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KITE
28
76
24 <
77 4
20 4
18 4
% 16
14 4
12
10
8
g 4
4 4
7 4

2 4 8 16 32 B4 238 a2 625 7a0 800 870 1200 ~1200

MIC (ug/ml)

gﬂﬁ 3 @1 MICy, a2 MICy, UVBIRNIRNAVNUTUABLTE vibrios ﬁLwﬂmﬂfj”amﬂslum@mmﬁm

' d? P N ° .
@IWGW%Y]?JGGU?ZLVWIVLY]ULL&ZL')f_l@mﬂl] WU 71 isolates
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A13199 4 61 MICs, Uaz MICg, VaIeNIRNAUAUTUGaLTa vibrios ﬁLmﬂmﬂfjaﬂ’mslummmi

g \ & A a o .
Laﬂﬂ@]’]ﬂwuﬂmaﬂﬂizlaﬂﬂvtﬂULLﬂzL']U@uﬂu AINUIW 71 isolates

MIC (ug/ml)
MICsp. MICqo- MIC Range’
IRt auiuTy 625 800 64- >1200

"Minimum Inhibitory 50%
“Minimum Inhibitory 90%

3Range of MIC observed in 71 pathogenic vibrio isolates
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nItassauaznIIMagaUNIEYRgasanaantnaIna Nl luin

mﬂmim%'summsrjaﬁﬁmuwaumaqmiaﬂ”@mﬁu‘*ﬁ'mfu WU SRS
USnumsinaiaaduasddszanos 1200 pg deanmiarid 1 g (1200 pglg) Warhmyie e
m‘sma‘?ﬁ’sﬁuaU@“Lummsrj“oﬁl,rﬁagluﬁ%ﬁunm@m 5 lenamnasassuaadluassi 5
vai  SesazvasanuiTusssIanauiutulua v ndsuiuaawiuen  uasaenw
LLammwﬁww”uﬁ‘i:%d’m%aanaammLﬁwﬁuﬁvl,@ﬁmxswmmmaoa’]mirjoﬁl,lfﬁagluﬁﬂ 1

LRAI I IUANI9N 6 uas gﬂﬁ 4

@13191 5 dRnaasdagaeifiliuesdluanmsfinasediautluihfszaziaesg

Immersion Amount of Curcuminoids in the Feed (ug/g)
Time Bisdesmethoxy- Desmethoxy- _ Total
(min) curcumin curcumin Cureumin Curcuminoids
0 42.6 292.9 870.8 1206.4
5 37.1 267.1 831.4 1135.6
10 34.9 239.5 725.6 1000.1
20 31.2 216.4 660.5 908.0
30 29.0 198.6 602.5 830.0

60 25.5 172.5 519.3 717.4
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M13197 6 TAUATUAINMNNLT NI UVAIFNTINAYT T I WATRITLNLUNUA DI 1 Lﬁmvﬁayﬂu

DRI ERTGERE)

Immersion Time

Percentage of Total Curcuminoids

(min) Found in the Feed (%)
0 100.0
5 94.1

10 82.9

20 75.3

30 68.8

60 59.5
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% Total Curcuminoids

gﬂﬁ 4 NIWLEAIANUFUN BT TZRINITALATAMANLT NI UV AIFNTINAUT WD I WAIRI TN I UNY

AOWLINGAT NUIZHZLIRIVDY mm‘srj?aﬁuﬁagjhﬁq
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] 1 =y di =) N =)
lawineuvastsumanseangnd emm@mﬂqmmwmq@ulumiﬁﬂmLLa:nszmumﬂumi
> [ =) QFI Q a >
&Na na1afa 1) ﬂsmmmsaaﬂqmﬁmmmqau WaZ 2) NIZUIBNITLATUNRITENARLI
LANANIAWIBLARZNNTANET QI IWAIIANENDIUTE AN T AMWUBIRITRN AU UT WD TEU L
minIgrenseivilelufina smslinsaraliensidiinaesdayielimuniney
A a o [ a nq: d‘f = a d' U s = a a
rweniadSunaasasaaylunmsgugadousndSaufsunan lanumsdnsnlse@nsaw
POIE I TN T AU

inmyenerUsinmasaanlusianaviuiulasis reversed-phase HPLC @l
“ ¢ . _ 4 Ay e d . _ _
ARANUTUA C18 WL curcumin maauwvl,m’mqﬂ (AN retention time §I§A) lag
| e X ' . o
desmethoxycurcumin U8z bisdesmethoxycurcumin - LaRauf leiiruLaziTINgaaN&16L
Wanasmanlassasn e curcumin, desmethoxycurcumin LR bisdesmethoxycurcumin
1 1 a v 1 Qs Io ] é 1
Wm’m’liLL@]az“ﬁu@ﬁimdm’mm\‘muﬁﬁnmu‘ﬁg methoxy (-OCHs) luINLaqa TIna methoxy
% 1l { 1 [ . ‘é 1 et . s s
%@Lﬁu‘ﬁyﬁ non-polar &INALA curcumin G494 methoxy 2 %3 fanuvaulasin (lipophilicity)
¥ nndansen 2 aiia llenuvaudeignaiis (stationary phase) uunaautlaandn 39
o Y A A [ X% ] o a o . A a
Mlkasiadenneananaeauiladinin  luviuaadeinu  desmethoxycurcumin  Gadl
methoxy 1 %3 HaniAfaui les1nIn bisdesmethoxycurcumin 1ia431n lipophilicity §ININ

A . . [y 1 o v A AN v = A
lunuzf bisdesmethoxycurcumin liiina methoxy ¥iliaRaudldiTinga

99N chromatogram  WeIENIRNAUIUTWATINENEY WoA  ssanaudusuliie
$wu 3 A A6 retention time FaAARDINUWALL chromatogram UBIFINIATIIN
curcumin, desmethoxycurcumin Wag bisdesmethoxycurcumin Laadl¥lARINGI8819R1TENA
pinsuAlFiduans curcuminoids advUSumTuiny 99.42% Usznavlusy curcumin,
desmethoxycurcumin Lae bisdesmethoxycurcumin ludSunmmrinnu 72.29%, 23.50% LR
3.63% @WAAU I@]mm%iuadmsaﬁ'@mfu*’ﬁ'ulum‘sﬂ'uz‘]gamiw‘%tymaaL%@"‘Juﬂaﬁummnrj\ﬁ
tholumsiinmessii  sarudugnvesssanauiintuiisansiuues  curcumin
desmethoxycurcumin : bisdesmethoxycurcumin WinNL  72.29 : 23.50 : 3.63 %dﬁmﬂu

AATEIBLALUTEINIYINNY 20 : 6.5 : 1 NUEIGL
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MIMUANAANINIUIEMINATELIZAUANN TV TN AT UL UIATN

Wi HaNINaxauluanIen 2 uaadliiininal MIC 289 chloramphenicol dalfia E. coli Las

S. aureus Wuaglutrnvanivldomuinmaiinaigiuues NCCLS uddwmidn MIC va9

chloramphenicol @alTa V. parahaemolyticus waz @1 MIC fazldanmsnasauansana
: L ' d‘i‘ & a & o =) 1 AN ek A =3 3

piutudeannaszung 3 sila wudvlifidnanasgiu dr Mic Alddstadunsiudays

dwsuliduwdszlomilumssredadSouisunumimeseuansanavinsuwluniodn 9 da'ld

Lfiamaauﬂi:ﬁw%mwmaamsaﬁ'@mﬁuﬁmumsﬁusﬁmsw‘%zymau%a?uﬁa WU
fin MICy, vosmsanaviutudaisaivile denvinty 256 ug/mi mﬂﬁmim’lmeﬁﬂmﬂﬁag
lunibeuas pmol/ml I@ﬂmiﬁﬂmmmaiuLaqamaamiaﬂ‘"mﬁufuﬁaﬂﬁﬁmsmmmﬁmwu
favmiin %ai‘fuﬁ‘uﬂ%mmua:mahLaqamaamsﬁ’m"%yLL@ia:"ﬁﬁ@‘lumiaﬂv@] g curcumin,
desmethoxycurcumin LR bisdesmethoxycurcumin ﬁﬂ%mmua:mahlLaqawi’mvu 72.29%,
368.39; 23.50%, 338.36; WAy 3.63%, 308.34 UAAL 2zl maimaqamﬁiwaomsaﬁ'@
AlFlumIenen iy 357.01 a9tk A1 MICy, vasansanadaiiaiuile dedenivinnu 256
pg/ml @anTdAalaldun 0.72 pmol/ml WawSeuisudsanannua MICs #ilaain
M3ANEIV8s Mishra uazame (6) T9T89ud1 MICs maomiﬁqw%{curcumin dauuaniiye
sRaens  loun E. coli, S. aureus, S. epidermidis W8z Enterococus Ms124 10-20 umol/ml
a9 WA Namsﬂ'uEﬁ‘m’mﬁtymaaL%a’?uﬂaiﬂslmsaﬁ'@mﬁuﬁuﬁﬂszﬁw%mwﬁqa it
1aiflosananansi kivhiuwresssidgudazsfialuamssraviuiu  wananil Sia1ed
mm@;mmﬂmwLmﬂ@hwam%aﬁi‘*ﬁ adnalsfiann asanldnumsnsauuasdn MIC de
L%afm'ﬂaﬁl,mﬂmﬂfjdmm lwliamaunsasihdn MIC sdssuifisununamisanenluasd

mimaaummmﬁwaamiaﬂ”@mﬁufuﬁwawag’lummﬁa TaunsuT 1w INTRNT
fa A & v o & , o , A L &
LAasANUBEANAMNTNTY 1200 pg/g lushuduiiandrs g Aw wui Luammswﬁaglum
1uIaN 30 WA 60 W m’sﬁ]wumsaﬂ”@mﬁu*’ﬁuﬁmmﬁaagﬂummsﬂszmm 70% WA
60% VDIANVTNTWLINAY NS 1AL mmqpﬁmiaﬂ”@mﬁuﬁuﬂhmagﬂummsfj”a 13489370
- 4 v . - . . v
suaesiduasdidussfearaoinldlid Ssdsasagluamslosligyidellui adwls
o esnnaunaidanuliasdigs sansnasadaldhodnd it 9 wou
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A Simple Isocratic HPLC Method for the
Simultaneous Determination of Curcuminoids
in Commercial Turmeric Extracts

Wisut Wichitnithad, Nutthapon Jongaroonngamsang, Sunibhond
Pummangura and Pornchai Rojsitthisak*

ABSTRACT:

Introduction - Turmeric (Curcuma longa) extracts contain three curcuminoids (curcumin, desmethoxycurcumin and bisdes-
methoxycurcumin) as major bioactive substances. Previously reported HPLC-UV methods for the determination of curcuminoids
have several disadvantages, including unsatisfactory separation times, poor resolution and/or complicated solvent mixtures
with gradient elution.

Objective - To develop a simple isocratic HPLC-UV method for the simultaneous determination of individual curcuminoids for
the quality control of turmeric extracts.

Methodology - The sample was prepared by dissolving the extract in acetonitrile and subsequently diluting with 50% acetonitrile.
This solution was analysed by reverse-phase chromatography on an Alltima C,; column with isocratic elution of acetonitrile
and 2% v/v acetic acid (40:60, v/v) at a flow rate of 2.0 mL/min, a column temperature of 33°C, and UV detection at 425 nm.
The method was validated and applied for quantification of individual curcuminoids in commercial turmeric extracts.

Results - The method allowed simultaneous determination of curcumin, desmethoxycurcumin and bisdesmethoxycurcumin
in the concentration ranges of 10-60, 4-24 and 0.5-3.0 ug/mL, respectively. The limits of detection and quantification were,
respectively, 0.90 and 2.73 ug/mL for curcumin, 0.84 and 2.53 ug/mL for desmethoxycurcumin and 0.08 and 0.23 pg/mL for
bisdesmethoxycurcumin, and the percentage recoveries were, respectively, 99.16-101.75 (%RSD <1.11%), 99.50-101.01
(%RSD < 1.74%) and 99.67-101.92 (RSD < 1.31%).

Conclusion - The method was found to be simple, accurate and precise and is recommended for routine quality control analysis
of turmeric extracts containing the three curcuminoid compounds as the main principles in the herb. Copyright © 2009 John
Wiley & Sons, Ltd.

Keywords: HPLC; curcuminoids; curcumin; turmeric; Curcuma longa
|

Introduction

Turmeric (Curcuma longa L., Zingiberaceae) is a herbaceous plant
originating from India and Southeast Asia. The powdered rhizome
of turmeric is widely used as a spice and colouring agent in food
by virtue of its yellowish-orange colour and pleasant aroma.
Medicinally, turmeric is used as a treatment for inflammation
and skin wounds (Ammon and Wahl, 1991). Studies of turmeric
have revealed numerous pharmacological properties, including
antioxidant, anti-inflammatory, anti-parasitic, anti-mutagenic,
anticancer, chemoprotective, hepatoprotective, antimicrobial
and antiviral activities (Srimal, 1997; Jayaprakasha et al., 2005;
Rojsitthisak et al., 2005; Anand et al., 2008). These activities are
attributable to polyphenolic curcuminoids, and most commer-
cially available turmeric extracts include three naturally occurring
diarylheptanoid curcuminoids, namely, curcumin (60-80%), des-
methoxycurcumin (15-30%) and bisdesmethoxycurcumin (2-6%;
Fig. 1; Ahsan et al., 1999; Jayaprakasha et al., 2002, 2005).

A variety of techniques for the quantification of total and indi-
vidual curcuminoids in different matrices have been reported,
especially spectrophotometric methods for the determination
of total curcuminoids on account of the colour and absorption
of these compounds in the visible wavelength (ASTA Method,
American Spice Trade Association, 1985; Standard ASEAN Herbal

Medicine, 1993; Pothitirat and Gritsanapan, 2006). However, this
approach cannot be used to quantify individual curcuminoids,
and various liquid chromatographic methods have been developed
for this purpose employing TLC, HPTLC, CE and HPLC. Simple and
efficient separation of curcuminoids using hydrogen phosphate-
impregnated silica gel TLC plates was reported by Rasmussen
et al. (2000), and recently Sotanaphun et al. (2008) developed
a TLC image analysis approach using Scion Image software to
determine curcuminoids in turmeric. In order to improve the
performance of the TLC method, a number of HPTLC methods
have been developed. Gupta et al. (1999) and Pathania et al. (2006)
have reported the determination of curcuminoids in turmeric,
and Ansasi et al. (2005) described a stability-indicating HPTLC
method for assessing the stability of curcumin in bulk drug and
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Figure 1. Chemical structures of (A) curcumin, (B) desmethoxycurcu-
min and (C) bisdesmethoxycurcumin.

pharmaceutical formulations. Interestingly, Pozharitskaya et al.
(2008) combined HPTLC with a photodiode array detector (PAD)
and post-chromatographic DHHP radical derivatisation to
determine the composition and free radical-scavenging activity
of individual curcuminoids simultaneously. To take advantage
of the short analysis time and low production of organic waste,
CE methods have been developed for the quantitative analysis
of curcuminoids (Sun et al., 2002) and the rapid differentiation
between C. domestica (C. longa) and C. xanthorrhiza has been
described (Lechtenberg et al., 2004).

HPLC coupled to various detectors has largely replaced spec-
troscopic methods in the qualitative and quantitative analysis of
pharmaceutical and food products. HPLC for the determination
of curcuminoids has been used in combination with detection
using mass spectrometry (MS), PAD or UV absorption. He et al.
(1998) reported HPLC-ESI-MS analysis of curcuminoids and
sesquiterpenoids in turmeric, and Hiserodt et al. (1996) used
HPLC-MS and GC-MS for the separation and characterisation of
curcuminoids in powdered turmeric. Jiang et al. (2006) reported
an HPLC-ESI-MS/MS method with PAD for the on-line identifica-
tion of curcuminoids in turmeric extracts, following development
of the HPLC-PAD method for the quantitative determination of
curcuminoids in ethanolic extracts of turmeric using a polymeric
Hamilton PRP-1 column (Taylor and McDowell, 1992). Bos et al.
(2007) described a new HPLC-PAD method for the determination
of curcuminoids in various Curcuma species native to and used
medicinally in Indonesia, using a solvent mixture of methanol,
trifluoroacetic acid and acetonitrile.

HPLC coupled with UV detection is the most common method
for the determination of curcuminoids in turmeric samples. Tonne-
sen and Karlsen (1983) first reported this method for curcumin
and its related compounds in turmeric, and Smith and Withowska
(1984) compared UV and electrochemical detection in HPLC for
the determination of curcumin in turmeric powder. Khurana and
Ho (1988) developed an HPLC-UV analysis of curcuminoids and
their photo-oxidative decomposition compounds in turmeric
using an NH, and WCX column, and Rouseff (1988) improved the
separation of curcuminoids on an ODS column by use of a gra-
dient water-tetrahydrofuran system with a run time of 22 min.
Jayaprakasha et al. (2002) reported an improved HPLC-UV
method for the determination of curcuminoids with gradient
elution of a solvent mixture of methanol, acetic acid and aceto-
nitrile with a run time of 20 min.

Previously reported HPLC-UV methods for curcuminoids, espe-
cially those in the older literature, have several disadvantages,
including unsatisfactory separation times, poor resolution and/
or complicated solvent mixtures with gradient elution. The aim
of the present work was to develop a simple and rapid isocratic
HPLC-UV method for the simultaneous determination of individual
curcuminoids for routine analysis and quality control of turmeric
extract raw materials.

Experimental

Chemicals

Curcumin, desmethoxycurcumin and bisdesmethoxycurcumin
standards were synthesised in the Department of Pharmaceutical
Chemistry, Faculty of Pharmaceutical Sciences, Chulalongkorn
University, Bangkok, Thailand. The standards were characterised
by IR, MS and NMR. The purity of standards was ca. >99%. Five
commercially available turmeric extracts were kindly provided
by Thai-China Flavors and Fragrances Industry Co., Ltd. (TCFF,
Nonthaburi, Thailand) and the Government Pharmaceutical
Organization (GPO, Nakhonnayok, Thailand). The three lots of
turmeric extracts obtained from TCFF were designated TCFF-WS,
TCFF-RM090304 and TCFF-RM261101, and the two lots obtained
from GPO were designated GPO-U480006 and GPO-NP50046. HPLC-
grade acetonitrile was purchased from Lab-Scan (Samutsakorn,
Thailand) and AR-grade glacial acetic acid was purchased from
Carlo Erba (Bangkok, Thailand).

HPLC instrumentation

HPLC analysis was performed using a Shimadzu-VP system
(Shimadzu, Japan) consisting of an SCL-10A VP system con-
troller, an LC-10AD VP pump, an SIL-T0AD VP auto-injector, a
DGU-14A degasser, an SPD-10A VP UV-VIS detector, LC Solution
software and an Alltect Alltima C,; column (150 x 4.6 mm i.d.;
5 um; Alltech Associates, Inc., Deerfield, IL, USA).

Chromatographic conditions

A reverse-phase HPLC assay was carried out using an isocratic
system with a flow rate of 2.0 mL/min, a column temperature of
33°C, a mobile phase of acetonitrile and 2% acetic acid (40:60,
v/v), and a detection wavelength of 425 nm. The injection volume
was 20 pL. Solutions were filtered through a 0.45 pm nylon mem-
brane prior to HPLC injection. The total chromatographic analysis
time was 16 min per sample, with curcumin, desmethoxycurcumin
and bisdesmethoxycurcumin eluting at retention times of 13.6,
12.1 and 10.8 min, respectively (Fig. 2).

Preparation of standard solutions

Stock solutions of curcumin, desmethoxycurcumin and bisdes-
methoxycurcumin in acetonitrile were prepared separately at
concentrations of 1000, 400 and 50 pg/mL, respectively. Stand-
ard solutions were prepared by diluting the stock solutions with
50% acetonitrile to obtain concentrations of 10, 20, 30, 40, 50
and 60 ug/mL for curcumin; 4, 8, 12, 16, 20 and 24 pug/mL for
desmethoxycurcumin; and 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 pug/mL for
bisdesmethoxycurcumin. A system suitability solution was
prepared by mixing different volumes of the stock solutions
of curcuminoids to obtain final concentrations of 30 pg/mL for
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Figure 2. Typical HPLC chromatograms of solutions of (A) curcumin,
(B) desmethoxycurcumin, (C) bisdesmethoxycurcumin and (D) turmeric
extract.

curcumin, 12 pg/mL for desmethoxycurcumin and 1.5 pg/mL for
bisdesmethoxycurcumin.

Sample preparation

Each commercial turmeric extract sample (100 mg) was accu-
rately weighed and transferred into a 250 mL volumetric flask.
Approximately 100 mL of acetonitrile was added and the solu-
tion was sonicated for 10 min and then diluted with acetonitrile
to obtain a stock sample solution at 400 png/mL. This solution
was subsequently diluted 10 times with 50% acetonitrile to
obtain a sample solution with a final concentration of 40 ng/mL.

Validation of the HPLC method

System suitability test. System suitability was assessed by six
replicate analyses of the system suitability solution. The accept-
ance criterion was +2% for the percentage relative standard
deviation (%RSD) of peak area and retention time. The resolu-
tion and tailing factor were also determined.

Linearity (calibration curve). Linearity was performed for each
curcuminoid standard. Six different standard solutions—10-
60 ug/mL for curcumin, 4-24 ng/mL for desmethoxycurcumin
and 0.5-3.0 ug/mL for bisdesmethoxycurcumin—were analysed
in triplicate for each concentration. Calibration curves were con-
structed by plotting peak areas against analyte concentrations.
The linearity was assessed by calculating the slope, y-intercept and
coefficient of determination (r?) using least squares regression.

Limits of detection (LOD) and quantification (LOQ). The linear
regression equation of the calibration curve was used to deter-

mine the LOD and LOQ. The LOD and LOQ were calculated based
on the standard deviation (SD) of the y-intercept and the slope
(s) as 3.3SD/s and 10SD/s, respectively.

Precision and accuracy. The repeatability (intra-day precision),
the intermediate precision (inter-day precision) and the accuracy
of the method were determined at three different concentrations.
Samples were prepared by spiking stock standard solutions with
commercial turmeric extract to give additional concentrations
of 10, 30 and 50 pg/mL for curcumin; 4, 12 and 20 ug/mL for
desmethoxycurcumin; and 0.5, 1.5 and 2.5 ng/mL for bisdes-
methoxycurcumin. Intra-day precision and accuracy were per-
formed by six replicate analyses for each concentration on the
same day (n = 6). Inter-day precision and accuracy were performed
for each concentration on three different days (n = 3). The preci-
sion is expressed as %RSD and the accuracy is expressed as the
percentage recovery of the added curcuminoids.

Results and Discussion

Validation of the HPLC method

System suitability. Six replicate injections of the system suita-
bility solution gave %RSD values for retention time and peak
area within 2%, indicating low variation of the measured values
(Table 1). The tailing factors (T) for curcumin, desmethoxycurcumin
and bisdesmethoxycurcumin were 1.06, 1.06 and 1.03, demon-
strating symmetry of all peaks (T < 2). The resolution (R) between
curcumin and desmethoxycurcumin and between desmethoxy-
curcumin and bisdesmethoxycurcumin was 2.72 and 2.66,
respectively, indicating a high degree of peak separation (R > 2).
The efficiency of the column, as expressed by the number of
theoretical plates, was more than 1500. These results indicate
the suitability of the HPLC system and conditions, which were
then used for further validation and sample analysis.

Linearity. The slopes, y-intercepts, and correlation coefficients
(") obtained from regression analysis are shown in Table 2. The
calibration curves were linear in the tested concentration ranges.
The regression equations were y = 96313x - 43526 (r?= 0.9998),
y=66702x - 32253 (r*=0.9993) and y = 86255x — 6948 (r*= 0.9995)
for curcumin, desmethoxycurcumin and bisdesmethoxycurcu-
min, respectively. The correlation coefficients were all greater than

Table 1. System suitability study for the determination of
curcuminoids (n = 5)

Retention Peak Tailing Theoretical
time (min) area factor plate
Curcumin (30 ug/mL)
Mean 13.6 1,747,093  1.063 56,860

%RSD 0.25 0.84 0.64 0.61

Desmethoxycurcumin (12 ug/mL)

Mean 12.1 484,114 1.062 56,768
%RSD 0.27 0.50 0.32 0.53
Bisdesmethoxycurcumin (1.5 pg/mL)

Mean 10.8 126,702 1.025 61,109
%RSD 0.24 0.68 1.51 1.47

www.interscience.wiley.com/journal/pca

Copyright © 2009 John Wiley & Sons, Ltd.

Phytochem. Anal. 2009; 20: 314-319



HPLC Determination of Curcuminoids

Phytochemical
Analysis

Table 2.

Curcuminoids

Linear regression analysis parameters for the determination of curcuminoids

Concentration

range (ug/mL)
Curcumin 10-60
Desmethoxycurcumin 4-24
Bisdesmethoxycurcumin 0.5-3

Linear regression

parameters
Slope y-Intercept r
96,313 -43,526 0.9998
66,702 -32,253 0.9993
86,255 -6,948 0.9995

0.999, indicating high degrees of correlation and good linearity
of the method.

LOD and LOQ. The LOD was 0.90 pug/mL for curcumin, 0.84 pug/mL
for desmethoxycurcumin and 0.08 pg/mL for bisdesmethoxycur-
cumin, and the LOQ was 2.73 pg/mL for curcumin, 2.53 ug/mL for
desmethoxycurcumin and 0.23 ng/mL for bisdesmethoxycurcu-
min. These results indicate that the method provided adequate
sensitivity.

Precision and accuracy. The intra-day and inter-day precision
and accuracy for determination of curcuminoids are given in
Table 3. The %RSD values for intra-day precision were 1.22-1.76,
1.07-1.52 and 0.94-1.31 for curcumin, desmethoxycurcumin and
bisdesmethoxycurcumin, respectively, and those for inter-day
precision were 0.49-1.11, 0.40-1.74 and 0.20-1.31, respectively.
The low values of %RSD (<2%) reflect the high precision of the
method. The percentage recoveries for intra-day accuracy were
99.87-101.75, 100.35-100.82 and 100.76-101.92, respectively,
and those for inter-day accuracy were 99.16-100.75, 99.50-101.01
and 99.67-101.92, respectively. All percentage recoveries were
within 98-102%, indicating the good accuracy of the method.

Application of the HPLC method

The method was used to quantify the amounts of curcumin,
desmethoxycurcumin and bisdesmethoxycurcumin in five com-
mercially available turmeric extracts. The total curcuminoid
content was calculated based on the sum of the three components.
The assay results are summarised in Table 4. The percentages of
curcumin, desmethoxycurcumin, bisdesmethoxycurcumin and the
total curcuminoid content in the extracts (%w/w) were 60.19-
71.50, 17.40-27.83, 2.65-4.43 and 81.90-99.86%, respectively.

Conclusion

In this study a simple and isocratic HPLC-UV method for the
simultaneous determination of individual and total curcuminoids
in turmeric extracts was developed and validated. The experi-
mental conditions, including the diluting solvent, mobile phase
composition, column temperature and flow rate, were optimised
to provide high-resolution and reproducible peaks. From prelim-
inary experiments the best results were obtained using a mobile
phase of acetonitrile and 2% v/v acetic acid (40:60, v/v). Sample
solutions of turmeric extracts should be prepared in aqueous
acetonitrile and can be injected directly into the HPLC column
without a prior extraction process. A flow-rate of 2.0 mL/min was
found to be appropriate for shortening the run time without
compromising the peak resolution. A column temperature of

33°C was required to obtain reproducible peaks while the higher
temperature caused poor peak resolution.

The method was validated in compliance with the International
Conference on Harmonisation (ICH) guidelines [ICH-Q2 (R1), 2005]
and is suitable for the simultaneous determination of individual
curcuminoids in commercial turmeric extracts with excellent
precision, accuracy and linearity. The method is isocratic with an
uncomplicated mobile phase, and the sample preparation and
assay procedure are simple and rapid. Therefore, we suggest
that this method can be used for routine analysis of curcumi-
noids in turmeric extracts and formulations containing turmeric
extracts.
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Table 3. Precision (% RSD) and accuracy (% recovery) for the determination of curcuminoids
Compound Amount added Amount found % %
(ng/mL) (ug/mL) RSD Recovery
Repeatability (intra-day) n = 6
Curcumin 9.27 9.31+£0.16 1.72 100.38
290.04 28.99+0.35 1.22 99.87
49.85 50.22+0.88 1.76 100.75
Desmethoxycurcumin 4.27 4.30+0.06 1.38 100.82
13.38 13.43+£0.20 1.52 100.41
22.05 2235+0.24 1.07 100.35
Bisdesmethoxycurcumin 0.45 0.45+0.01 1.25 101.40
1.43 1.43+0.01 0.94 100.76
2.35 2.40+0.03 1.31 101.92
Intermediate precision (inter-day, 3 days) n = 3
Curcumin
First day 9.27 9.26 £ 0.04 0.49 99.84
290.04 29.08 £ 0.32 1.1 100.14
49.85 49.61 +0.59 0.97 99.51
Second day 9.37 9.53+0.06 0.63 101.75
28.83 29.61+0.19 0.64 101.15
50.40 50.44 + 0.35 0.69 100.08
Third day 10.37 10.43 £0.09 0.87 100.56
31.83 31.56+0.18 0.58 99.16
54.90 54.59+0.01 0.18 99.44
Desmethoxycurcumin
First day 4.27 4.29+0.08 1.38 100.82
13.38 13.34+£0.18 1.52 100.41
22.05 22.32+0.33 1.07 100.35
Second day 4.70 4.69+0.03 0.72 99.68
14.40 14.46 £ 0.07 0.48 100.41
23.90 23.78+0.10 0.40 99.50
Third day 4.62 4.67 +£0.08 1.74 101.01
14.16 1428+ 0.16 1.11 100.83
23.55 23.73+0.39 1.63 100.75
Bisdesmethoxycurcumin
First day 0.45 0.45+ 0.01 1.25 101.40
1.43 1.45+0.02 0.94 100.76
235 2.39+0.05 1.31 101.92
Second day 0.55 0.56 £ 0.01 1.00 101.82
1.58 1.58 +£0.01 0.40 99.67
2.56 2.56 £0.02 0.95 100.85
Third day 0.55 0.56 £ 0.00 0.20 101.57
1.57 1.58 £0.01 0.44 100.95
2.53 2.56 £ 0.03 1.11 101.33
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Table 4. Assay of curcuminoids in commercial turmeric extracts
Supplier lot no. Amount (%w/w) in turmeric extracts

Curcumin Desmethoxycurcumin Bisdesmethoxycurcumin Total
TCFF-WS 71.50 23.63 443 99.56
TCFF-RM090304 69.38 27.83 2.65 99.86
TCFF-RM261101 70.94 23.32 291 97.17
GPO-U480006 63.23 17.40 3.01 83.64
GPO-NP50046 60.19 18.66 3.05 81.90
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Abstract

The commercially available turmeric extract from Curcuma longa L. was standardized and
evaluated for antibacterial activity against shrimp pathogenic vibrios. High-performance liquid
chromatographic determination of the extract revealed 99.42% of the total active compounds, namely
curcuminoids, consisting of curcumin (72.29%), desmethoxycurcumin (23.50%) and bisdesmethoxy-
curcumin (3.63%). The antibacterial activity of the extract was subsequently tested in vitro against
twenty vibrio isolates. The vibrios were isolated from hepatopancreas of the diseased shrimps collected
from different culture areas of Thailand and Vietnam, and identified by API-20 system (BioMerieux).
Minimum Inhibitory Concentrations (MICs) of the extract determined by agar dilution method were <
512 pg/ml (64-512 ug/ml). Analysis of MIC values indicated that 50% of the tested isolates were
susceptible to the extract at 256 pg/ml (MICso) while 90% of the tested isolates were susceptible to 512
ng/ml (MICgo). The study demonstrated the antivibrio activity of the standardized turmeric extract,
thus, suggesting the potential use of the naturally extracted compound as an alternative to

antimicrobial chemicals for the treatment of vibriosis in shrimp culture.
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inoculate  WAALATINDAILANAAMINDIN 17D

AV Y ®
S\Imiﬂmﬂ‘ﬁ »me Escherichia coli ATCC 25922,
®
Staphylococcus aureus ATCC 29213 Way Vibrio

parahemolyticus ATCC® 17802 I@SLWWL%@ E. coli
Way S. aureus a4ln Tryptic Soy Agar (TSA) a'qm%a
V. parahemolyticus AHDINFNNAD 1% aﬂu TSA
sliafigamnf 37 °C fuom 1824 alas den
Taladilganldlwbinde 09% Nac) UsulRldemseu
FeuwhifU 05 MoFarland  SeasiiFeatlssanms 10°
CFU/MI  Fonslwiindeasdn 10 wh lé5anude
szanms 10" CFU/mI (23)

22 wsdeAloasls TSA finaEsunds 1%
Lsﬁ'méﬁ‘mﬁum‘swf%am%ammgm V. parahemolyticus

3. MINARIUMSIAB R FoUuaIIELF07

NN SA AL

3.1 edefisResilivas multipoint inoculator
a5ldEold 25 isolates I@EJLL‘u'aLﬂuﬁﬁm%ﬂﬁéammgm
163 isolates  wazdmsuldidedtsloneseuld 22
isolates

32 ihm%amﬂmmauuammgmL%a MHA 7
wesssaensuiu g azldqnidatedidorssanm 10°
CFU/spot

33 lal¥ multipoint inoculator fedaadu
MHA finsssatinniniul3uda foliaqefimudaus
siliiafigannfl 35-37 °C iwnan 16-20 Falus g
maT@a@mmL%’M”Jm‘ﬁ@gmaemiaﬁmﬁwﬁuﬁmmm
Suamaiayresuueiideld tudinidueh MIC

34 ‘3meﬁwa1®ﬂ“ﬂﬂﬂlmm WHONET5 (24)
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I 1. MINUUNFHAZBNED vibrios MuAMENTANNMEMNWLIETIAN (25-28)

CHE S S = E
N > ~ > g >
>
Colony on TCBS Yellow Yellow Green Yellow Green Green / Yellow °
Growth at 42°C + + - v + +
Gram stain Negative Negative Negative Negative Negative Negative
Cell morphology Short rod Short rod Short rod Short rod Short rod Short rod
Catalase + + + @ + +
Oxidase + + + + + +
Motility + + + + + +
Decarboxylation of
- arginine - - + + - -
- lysine + + d /v - + +
- ornithine d' s+ d' s+ - - d'/+ v+t
Citrate utilization d d = = d d
H,S production - - - - - -
Nitrate reduction + + + + + +
Voges-Proskauer + sV + - - -
Growth in NaCl
- 0% - + - - - -
- 3% + + + + + +
- 6% 4 d /-’ d /v d s+ d' s+ 5
- 8% + = = v + -
- 10% + = - - _ _
Acid production from
- salicin d - - d - +
- lactose - - - - - +
- arabinose - - Lyt + d s+ -
- sucrose d1 / + + - + - _
- sorbitol - - - - - -
- mannitol + + gt + + U
- mannose + + + + + +
- D-cellobiose - - + + v +
Synthesis indole + + = d + +
Synthesis urease - - + - 2% -
Synthesis gelatinase + + - + + +
ONPG - + - + - +
Susceptible to
- 10 pgskg O/129 R S R R
S S S S S S

- 150 pgr/kg O/129
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HIYLHG.

1o o

o - Talailunsdodlngildiden 1 = 9N (25-27)
+ =85-100% NlWuauIn 2 = 3190 (28)

- = 0-15% Wliwaun S = fiamuhsu

d =16-80% filWnauan R = fanumumu

v = Waudsiu

ONPG = o-nitro-beta-D-galactopyranoside hydrolysis by beta-galactosidase

07129 = vibrio static agent: 2,4-diamino-86,7-di-isopropylpteridine

HaNIINAIAN
nsatezHUSIaasdealy

d1saneuNudulasds HPLC

PNMTNOTAUSNM curcumin,  desmetho-
xycurcumin k&g bisdesmethoxycurcumin GL%m?ﬁﬁ@
sﬂﬁﬁwﬁ‘%@u’w HPLC 6t chromatogram ﬁdLLﬂ@ﬂ%}?ﬁ‘ﬁ 2
W SsafaiuiuliRaRnTuA retention time
Uszanme 12.97, 11.58 ke 10.33 w7l §annRaIUNAT8
mimmgm curcumin, desmethoxycurcumin L&g
bisdesmethoxycurcumin  $NNEIGU NNNITEWIUNLDN
st lunmeseuUsAYEnmlumstugions
Winraadedvslenolsalufs Ysznevludreyiam
ﬂﬁﬁ?ﬁmﬁa curcumin, desmethoxycurcumin  LR¥
bisdes-methoxycurcumin WAY 72.29%, 23.50% iae
3.63% MNAIOU WazlUSaMI89  curcuminoids TN

Wiy 99.42%
nmswanaeduslefilalunsdnwain
nthy
L;’j'al,ﬁwhaa'wﬁaﬂqamﬂﬁuﬁmiLgaﬂuﬁwﬂi@mzﬁ
32009 wAIBETINTY Ny dszarudsdug tamil
WAYTNWT WAZANIANDY Nha  Trang Ussineiiusmig
Wm'wL%@%U%Ia‘?iLLaﬂmﬂﬁaﬂ’mﬁmu 20 isolates §1%19D
f\ﬁLLuﬂVLG?TL‘fM V. alginolyticus 2 isolates, V. cholerae 1
isolate, V. damsela 2 isolates, V. fluvialis 8 isolates,
V. parahaemolyticus 6 isolates WagV. vulnificus 1

isolate  (nufl 1) wgedvalafiuen iyl lumsdne

UseAnsmnansensarnaRdusa |

nsnagaudsz@nsnInuasdarsane
aiugulunisduginisaiazaaiaivila
nalsaluia

mamiw@ﬁamzé’ummvb%madL%ammgmeiam
diqainuassnssiioaiuiu Iduaaslummed 2 Taowuh
@ MIC 999 chloramphenicol WU 2 Hg/ml ﬁm%fm%a
E. coli 48y S. aureus WAy WMy 1 ug/ml dwdue V.
parahaemolyticus &3ueN MIC maamsaﬁmﬁw‘ﬁmﬁaéa
mmgm%@ 3 ofia Slehwhiu @0 625 pg/ml (3T 2)
gwsumstnmensbiureadeislofifusinguads
thusiasssinaiiiu e MIC maqmiaﬁmﬁﬁu%uag'
Tugnsemadadudous 64-512 ug/ml @797 3) Taeen
MIC,, (Minimum Inhibitory Concentration 50%) &y
MIC,, (Minimum Inhibitory Concentration 90%) Wiy

256 WAz 512 (g/ml ANAIAU (3U7 3, 13199 4)

al

anudsraua

ﬂﬁﬁnmﬁﬁzﬁw%mwmaqagﬂmu@ia5@%’@5,%
fnfemsudsurmiosmnenaliuienronSinmms
aanaw%ﬁLﬁmnﬂéfﬁ@]q@uslumiﬁﬂm MAYNTLLIUMS 4
MIaTia nande 1) U‘%mmmiaaﬂqw%ﬁmﬁm@u I}
2 NIMMIESUNASERAULAneTUllsag
msdnm forbw lunsdnmiasyansnmesssnssiio
m;’ﬁu%ﬂumiﬁug@ﬂﬁm%maqL%@%U%Iahﬁama 2903
naaTAezilan sy Lﬁ?‘\lael,ﬁmmimgmm@
WaaL3a04 (dose) mamwéwﬁzﬂumiﬁug«%a uay
Wisueuwan umadnmdssdnsmmwassansduga

TNAA DU
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MIC (pg/ml)

fInagau BauuaiiGeanasgu —
NaNIINAFDU [ARRNENE
Chloramphenicol E. coli 2 2-8
S. aureus 2 2-8
V. parahaemolyticus 1 -
shaafauiiugy E. coli 256 -
S. aureus 256 -
V. parahaemolyticus 256 -

* Acceptable quality control limits of MICs éMaN165§14 NCCLS (23)
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M37 3. M MIC 2asansanaziiuguaaidia vibrios Musnnfathaluwamsidasiniuiiveslsanalnauazdan-

UIN

No. Isolation Region MIC (pg/ml)
1 V. alginolyticus ﬂiz‘fj 256
2 V. alginolyticus LU 256
3 V. cholerae UAIAITITNY 256
4 V. damsela PN 256
5 V. damsela Nha Trang 256
6 V. fluvialis n3edl 512
7 V. fluvialis UNYS 512
8 V. fluvialis UAIAITITNY 512
9 V. fluvialis Usznu@siug 256
10 V. fluvialis Ussanu@stug 256
11 V. fluvialis Jaanil 512
12 V. fluvialis PEEION 256
13 V. fluvialis Nha Trang 256
14 V. parahaemolyticus ﬂi::fi 512
15 V. parahaemolyticus PUWS 64
16 V. parahaemolyticus UATAIFIINDY 512
17 V. parahaemolyticus Uaeil 256
18 V. parahaemolyticus taanil 512
19 V. parahaemolyticus JeaaN 512
20 V. vulnificus pEAION 256
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3UM 3 was MM 4. M MIC,, uas MIC,, vesdsanauiiugusaiza vibrios Nuannnieheluwamsidesdium

waaﬂimﬂlwﬂuaxﬁﬂmum

2

MIC [mcg/ml)

3128 Sl 204

MIC (pg/ml)

1

MIC,,

MIC

2
90

MIC Range3

Curcuminoids 256

51

2 64-512

'Minimum Inhibitory 50%
*Minimum Inhibitory 90%

3Range of MIC observed in 20 pathogenic vibrio isolates

mﬂmﬁmmzﬁﬂ‘%mmaﬁﬁwé’zyﬁlumiaﬁmﬁu%ﬂ@&J
3% reversed-phase HPLC Frunadutiafia C18 wumn
curcumin mﬁauﬁiﬁ%ﬁq@\ (M retention time Nee)
I@EJ desmethoxycurcumin L% bisdesmethoxycurcu-
min 1nAau S Auias ey efamonan
laseainenas uaY

curcumin, desmethoxycurcumin

bisdesmethoxycurcumin wudwamwiassﬁﬁ@ﬁimaa%fm

kY

U

sharfufidtmauny methoxy  (-OCH,) Tulsiana g

a

methoxy 5@11,‘16]%1/1331137% non-polar a'waslﬁ curcumin %m
methoxy 2 3 Slemsaaulasis (lipophilicity) snnna
80 2wl shlfensmeusatnniati (sttionary
phase)  unmaduilldanT) devnlimnsedeuiioonan
AadNT TN TuiuoaAeniiu desmethoxycurcumin
59 methoxy 1y dasiadaudiléiing bisdes
methoxycurcumin Lﬁadmﬂ lipophilicity zqu'w élmmzﬁ
bisdesmethoxycurcumin VLN':ﬁWQ methoxy ‘ﬁﬂ,ﬁ mﬁlauﬁ
557

91N chromatogram Yo eUs I Uthandnen

Wuh ssateaiuiuliRes i 3 Ae Afien retention

time F§OAARBINLAALY chromatogram  2a9§13NAIPH
curcumin, desmethoxycurcumin wae bisdesmethoxy-
curcumin waeslHFuindhoshssnsaravRuiuilfiduans
curcuminoids  #sE BNy 99.42% senauly
el curcumin, desmethoxycurcumin La¢ bisdesme-
thoxycurcumin  WUSIMNTL 72.20%, 23.50% wae
3.63% SNNANAL I@mm%gmaaaﬁaﬁmﬁu%ﬂumsﬁuSdmﬁ
Lﬂ%tyﬁuaqL%a‘iu‘ﬂaﬁLLemmﬂﬁqﬂ’aﬂumiﬁﬂmm%@ﬁ N
L‘flqu%‘maaaﬁaﬁmﬁu%uﬁﬁﬁmwmmaq curcumin
desmethoxycurcumin : bisdesmethoxycurcumin Wwinfiy
7229 - 2350 - 363 Fefewusandmlaeszanouiiy
20 : 65 1 1 eNNAIAL
mimuammmwamﬁaamwmmzﬁummvlﬁu
maqL%ammimeiamﬁmegaﬁwﬁu wamsnagoUlumeeh
2 WEAS Wi MIC 989 chloramphenicol daide .
coli Wav S. aureus ﬁuagﬂwﬁaaﬁaam%ﬂéwmnwﬁ
N33 Ueas NCCLS  (23) uddwiuen MIC 989
chloramphenicol @ial,%a V. parahaemolyticus Wag M

MIC ﬁaﬂﬁmﬂmiwmaaumiaﬁmﬁwﬁmiaL%ammﬁmﬁd
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3 %l &ué’ﬁsiﬁmmmgm o MIC filgaefiedunsii
Foyadmiulfidudselomilumetdanfonifoutoms
naseussatnualuaSoiu 7 dialyl

Slenereutlssansmmaasnsainnihelunsiuds
mm’«u‘%maal,%aiuﬁa WuNA MIC,, gasEnsainTiniu
dodeAale Sy 256 pg/ml MNANIDNEFINGT?
Tvee/lumiieras umol/ml laemassnasnalumnagos
e M as LT s Sehwiy
USinnuuazanaluianasasssadudazaiia lumsade
I@H curcumin, desmethoxycurcumin 8¢ bisdesme-
thoxycurcumin  SSsnauazaalaanawiiu 72.29%,
368.39; 23.50%, 338.36; LAY 3.63%, 308.34 MNMGL A
eY mahLaqaLa§waqmiaﬁ@ﬁiﬂumsﬁﬂm whiy
36701 diovi e MIC,, gasEnsainsiadoiile dedien
whitu 256 pg/ml ssnsnaaidiiu 072 pmobml e
Whsufleuendanaatiueh MICs 7 ldannisineees
Mishra WazADk (6) omeaudn MICs ﬂuaqmsu‘%qw“é
curcumin @aLUARFUEAAG il \l@gfl,m' E. coli, S. aureus,
S. epidermidis Wa¢ Enterococus Tugha 10-20 {mol/ml
WEOS WU wamié”mé'yhmm%tyéﬂaaL%a%ﬁﬂmmi
ﬁﬁ'mﬁwﬁuﬁﬁizﬁw%mwﬁqd ol aaiftasnanayana
Lﬁ?ﬁ%ﬂlaﬂﬂﬁﬁaﬁﬁmLL@fﬁ%ﬁ@iﬂﬁﬁﬁﬁ@WﬁWﬁ% wanaNiL
a”daméjmmqmmﬂmmLL@m@imauL%aﬁsL% athslsfion
dlasnnlimumsmenuzesen MIC  siageiuslafiuen
N sk blssnsnshen MIC snufeuifientiung
nfnwluedeit

AnuamsTed wsadlfiiuihmsainainiug
Jaavsmmlummhsndidumadnudoqgainluts
wansliifiudsemauululglunsldansareainiudmiy
Hudaunasiluommsetieriuasdudmsingeiuile
rialsnlufe wammdnsidodulundol sumpdliaans
Vl@ﬁa‘]_li]‘ﬂ%‘ﬂE)Gﬂﬁﬂﬁ@sﬂﬁwﬁ%ﬁdﬂﬁﬂ@aL%@%U%I@ﬁ@%ﬂsl‘%
Aaetallilgmnlsifann 50 isolates Wal#lde MIC 7
a’jmmmamqmmn%u gosnansnri iU 8 lumse o
?Jmmaamiﬁﬁ@ﬁmmzamﬁm%uL@f’%ymmmiﬁaﬁﬁmiﬁﬁ@w

T gz nay

aemnIsndsena

AAERAT YDV UAEI TN WAIENTINANTIVE

Y 9

W6 (37.), STNNUNaUETLaUMTIY (§N7.) Y

q

o

48199 DBG 4880004 LAy Nulasem sy aniwnd

¢ ¢ a o A o s X
MRS QWWGQTWMNWTMEWSH ﬂiﬂn%ﬁ%ﬂﬂ%ﬁm%’mﬁ%
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