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unAnga Alliin L"ﬂumsﬁﬁﬁ'ﬁywé’ﬂ‘ﬁwuiuniztﬁﬂu (Allium sativum L.) ﬁqw%(mqmé'ﬁwﬂﬂumsﬁ'ugq
m‘ilﬁﬁmuL@UIGI‘ZIBQL%BLL‘UﬂﬁL%EI FUBNLEU wazgiganAMIzANNIUlaTngs FatumsIeneiUsine alliin lunszidiax
Feaansmanldlumalsaiiuganwsasnsziien mafnniliiagussadiiawanniziensiiin allin
Tunsuiiien Taeds Ultra Performance Liquid Chromatography (UPLC) Tag#anasansuidian 150 faansu
Ly 50% methanol U33nas 25 Hadans analagmswanuuy vortex lunm 1 il gednlamilanznauinnsssiu
syringe filter #il@ PTFE Somsazarsfmatiila Usinas 1 lulasaas whgssuulasantnnnn Yssnaudae
aaantl Acquity™ BEH® Amide 2.1 x 100 fiadwns, 1.7 lulaswes Jgmandeudl fe drunanzas
acetonitrile waz1h Tagszazuanagludenm 0.00-2.30 Wi Suduiisansin 85:15 W 0.65 W NNy
Usuidlu 75:25 wer se:14 melune 1.42 Wit war 1.52 WA MEIAY weaiiisandn 86114 udwnd
7t 2.30 AedasIMslva 0.55 Fadansaowd gauniAaaNY UM 40 BsEALFEd A5IIAEIIMIEMATIVIAYIN
Photodiode Array (PDA) ﬁmmﬂnﬂﬁ'u 220 WULNAT A retention time 284 alliin YNNU 2.02 W7 LLa:Lﬁ'a
mmsnadouanuldlaradis wuhnnwmnessiuees alliin Senududuasslurig 0.049-0.582 fadnsudaiadans
fiendulszansmadadula (R?) uhiy 0.999791 eanuuiuaglurniesas 98.64-106.02 Manwiiiesaglu
ANIDUAE 0.51-1.19 NABAMNNAYBNNMTATINWULITANNOVINMIIUIINWU 1IAL 0.006 WAz 0.033 Naaniu
dafiaaans muaey isAnenuSina alliin Tunsuiten 1w 8 Graehe wuhildmae whiu 9.87+2.75 Taaniw
daniu madnmilamnsnhlldlumsiensitiina alliin Tunssieudialdlumsmuauammn sudsldlums
Aadannsuifisniiiiaamwiladhgnssnnumsndomviendasamiqumwdaly

Aaea: nIziieN, Allium sativum, Alliin, UPLC
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Method Development of Determination of Alliin in Garlic by UPLC

Nichapat Pattapong et al.
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nsziianiidaniadnerdanssn Allium
sativumL. 5@9%11&’.)\1 @ Amaryllidaceae™ Foansi N
Garlic @0y laud nsufisnen en Wifew
vanion Wudu® Jaduldangn geuszanm s0-60
wudwas ladunanudly fidaduivdediae
auznwWuagiaanannld udazilsznaudae
vanenau u/ld apumaey 3—4 widew dnvazndulda
fuLan dudu q Asuinenss iuasthasuluding
fedvdesdou Induguinmzen saiiadau Tuden
Fusnandy Geedauasu wuy Uasuvan daaan
wuudadsy drufiihinldusslomimeen o ey
ladu () niendu leglumanassnquelng
naztfienfisasou Wuenudld dulasn: duladinseg
Wuenszue udle udsedaesen udlsarini
wad Wunduanludld duilase thgeeg
Wmﬂuanﬁgmmﬁwmﬂﬁ’aﬂmﬂﬂuLﬂummaﬂﬂ
ufthayuasyse Fumenslurios thuthnznidelsn
Tuthn andayamsiTeniadin wuhnssiienan
sansafuianssyivinvesdauueilFouas
Was fignitunens aalwiuluides anne
AN ulafinges GI1unNISTUAIVRILNAALEDN
gargliusy amhaaluden Fuiugadusit
doyaNIMIANYIIENNAGEN Wuhnsziguuaz
WisnanAnsiannsziiienigndaanisiuaiuag
wnaadan tinanuausalumsaarsluuiu
fignasou 1 lumsaalasiuludaauazananudulaiin
Hreaamsiinaandieruzaslalwlusiu Jearazas
ammmL?i'ﬂwaqmiLﬁﬂlwﬁ’uq@ﬁuluwaamﬁam
Foniseiinsldnsaiiendundasumasuams
tiagisussimanzladuludongs fasiulsa
VNaDALEDALAILINGT waztiganaNaulaia
Tugiheiianuduladiogedndes (mild
hypertension)®® #Wnszifianae Usznaude 1h
(~65%) m5lulanse lUsiu nsaazilu (Arginine,
glutamic acid, aspartic acid, leucine) le@1¥3

N5 Ly (Palmitic acid, oleic acid, linoleic acid,
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linolenic acid) #15Usenauiusa Iedu
(B1, B6, C) wavehsiimuzduilussdisznau
(Organosulfur) Tasarsaaduiinulusssuma
Téud alliin udiilanssifiangnue du wialden
Wwanazuan 1y alliin waztaulay alliinase
fogluaddudaduioljasely alliin
wWaswily allicin #iflenuadasauazaarsd
athemanmaiilussau q wu ajoene, dithiins,
allyl methyl trisulfide, diallyl sulfide, diallyl
disul-fide, diallyl trisulfide, S-allyl L-cysteine
Hudue gofhlunmaseds g Seaulams alliin
fiflusnsasduuazionuadosinnnt nnnse
fiehusn wuhiimsl®Hseneinwanuanelums
wiUSina alliin Tunsziion Feneiieiiunly
Tagdruninazlgnannmsmalasunlnnsdl leun
TasinInnanilyiiainunlssansmwgs (HPTLC)"
wialasulnnsWe® TasuilnasiWlvesuar
Uszansmwgs (HPLC) logldmaamindia C, 07"
uazandusauasew alliin Tiagluglaywus dedou
AU o-phthaldialdehyde"® %38 4-mercapto-
pyridine”® Aawit@s1d (Pre-column derivati-
zation) sINdedinsidenlddinsiatadlusiia
MS/MS"®

nnlaseaeas alliin iy S-allyl-L-
cysteine sulfoxide ﬁﬂttﬂﬂﬂumwﬁ 1 wuiwﬁmj
WaAdunanily sulfoxide (8=0), amino (-NH,)
uaz carboxylic acid (-COOH) Failanaily
ﬂy’agq mmsaazmﬂﬁluﬁﬂﬁﬁ (Freely soluble) @
Tsiazaelu ethanol, chloroform, acetone, ether
oz benzene (Practically insoluble)®”
Taslafinsananndnsuzmaaiiildndaanan
wuNMsiaenlEeeaniinila polar Aanuanzaw
susumsuen alliin wazdhadamswannds e
wWisuaunsesenliedluslayWusnou
msiened saflumsiameaan (Indirect method)
vi3plinTasilatugs wiu LC-MS/MS fiflenugenn

wazgudoulumsujuaunnnh



MINAUITIPEWUSIo alliin Tunsziian laegis UPLC

NAN5 Unazmad wazaoue

tagtuiimathanulwsnssiieusnldlszlan
DENUNWIVAIY GIUULNBENITAUAIUNINTFIU
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Tagdunsziiien aghalsianuaelunsvluansziian
lusmsmnaspueayulnsing atull w.e. 2564
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OH

NH,

~ ¥ ~ ..
NN 1 TAs9damaeiizeg alliin

81330035 U UazaIILAN
@910 931U: Alliin (Chengdu Biopurify
Phytochemicals, China) ﬂ’J'lN‘IJ%E!V]§ > 98%
#5tAN: Acetonitrile 7Hia LCMS (J.T.Baker,
USA) uaz Methanol #1ie AR (Merck®, Germany)

ta3asiiauazaunsal

t@18usau §u ULE 800 (Memmert,
Germany), n3aeuntly 54 1029-C (Yoshida
Seisakusho, Japan), 139 ASTM E11 tua$ 180
(Endecotts, England), Lﬂ%m UPLC-PDA detector
U Acquity™ (Waters®, USA), lUsunsnanms
7ayalas3nnnsW Empower 2 Build No. 2154
(Waters®, USA), aaanil ju Acquity™ UPLC
BEH Amide, 2.1 x 100 §adtNe3, 1.7 Wlasiuas
(Waters®, USA), ta3aeialdfh anwazidan
0.01 {¥8dn3u U XPR205DR (Mettler-Toledo,
Switzerland), Lﬂ‘%'amaumi ';:u 37600 Mixer
(Thermolyne, USA), ?I’Jﬂgﬂ‘dll‘l{j 'i;u DURAN
(Schott AG, Germany), thiaiaU3uens Class A
(Witeg, Germany), 20010U511a5 Class A (Witeg,
Germany) az syringe filter %@ PTFE 2119 0.2
Tulasiuns ';:u Acrodisc (Waters®, USA)

MaEN
SIUSINAIDEINNTLLNYNAINULASINI )
NAUUEIFIINMAUaz I UIBENFTNULNG U 8
et Tudauivnen w.e. 2564 wlsgaiag
= = =1
nszsnleamsaanildanasn thundumawue
Wuweiuue q anluisuuwaziionnasgwmazain
I ) & o v .
Wuna 2 Ju nuwmhllsvuisiiauvgil 45
aFnaLEed ez 8 r1ue Wunad 3 Yu e
::4' Id = ] 1 4 I~
Aalluailumaziden HuLsUDs 180 waztiu
Tumzuzumdmtachaiiniaaumgil 4 svrmwaded

MSNUNIDIATILHUSHIN alliin Tunsziiian
nsdsatiiamanEimanzaNaIsTuy
TasanInnsm (Chromatographic scouting)
#HAYBIABANY
Wisuiiisuasdiiisiinvasigniaai
(Stationary phase) WOHNANNY laun amide, C,,
C,, uaz phenyl loald35 scouting WU isocratic
ey easNdfitmanzansusunsuenas alliin

Tudaea

Fnmaiadaui

Anwrliauazsasndivaaidamazaisiaz
Thiuigmendoud Tasfinsanangdsuesiia
alliin Waz retention time I IAINGN
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SNz zanrasszuulasannns
(Chromatographic optimization)

1975 segmented gradient uaz focused
gradient laa@nwaasdiuvesaimazals uaz
flow rate fimanzan laaaildennuannsaly
msuenfiapas alliin eananasauq luasazais
et MIaneaaninasnsuan (Post separation
wash) uatdiesiiavainasuid uananiladn
anugmeaulumsaaiafitnzey

ML BHADEIIATIEH

MNMISNUMUNWITeT RN wuLile
sraamanaziiienlui alliin %gmﬂﬁ'ﬂmﬂu
allicin shuaulysl alliinase ﬂszmumsﬁmﬁmﬁu
TosanysaimeTuszezm 0.2-0.5 107l igaumgiivias™
waen151d methanol mmsné’ué‘?&msﬁwmwm
alliinase lagmsmlvldsaudeanin (Denature)
wazanianssuzadau lsiaanann®?

msAnasai lavhmsuSsudisudhazans
AFlumsane alliin Tunszifion s 2 #iie laud
1 uaz 50% methanol Tagl#hsafe s 4 53
Tdun Awanuuy vortex IFugania vaunisn
wazdimsldaausanslaia ludunsumsiadew
asazageiagNnaudangszuulasunlnn
favdinmsnsasansazagmad JammsilSaudisu
NAN5ENUVBITHAAINSInaUSHIa alliin Tums
Anasadicae

v ool I'd

mManadaumnldlerasisinssy

NISNAFBUMAIINIILNILLANISAIYDGID
(Specificity)

LOFNATBTM NN TTIULAZE T LIAIDEN
d‘ k4 k4 Y o W =Y L4
nenuentulndtfeany Aesizvlaaldanineg
gaeszuulasun lnnsWAwanaulsautieuad
retention time ez UV spectrum e

N1SNAFAURINYANINITT wazAINLilu
t§1m39 (Working range and linearity)

L 38NEITAZAY stock BANEITNINTFIU alliin

U 3 stock NANNANTU 0.5, 0.75 UaE 1 Waan5u
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GaNadaNT T@ﬂ%’\amimmgm Usunm 25, 37.5 uaz
50 §aan58 avluNAIaU3Nes 216 50 Tadans
araauardsudSunnsme 50% methanol L@3ay
F130TNENINIFIU MUY 6 520U MNNUAAT stock
Tagtilagrsazans stock USues 1, 2, 3, 4, 5
wae 6 Naaans avluzandadsuias su1e 10
199805 USuUSu109678 50% methanol NaHIU
syringe filter #ila PTFE 211@ 0.2 Tulasiuns
Mmmsiesevlegldanzeesszuulasuinasnu
fanndy a9nNINasTIULEIIANNTNRUE
e INUSHN alliin azAN response area WA
anuduiduassannardudszdninisdaaula
(Coefficient of determination; R*) uas residual
plots

MINAFBUNANTENUVBILNNINE (Matrix
effect)

(@38 spiked sample Tmamsnﬁumsmmgm
Thfanudnguszause q Tugiereemsia nudu
6 SEU SEAUaE 2 M UssiiunansEnUYBImSNT
TagnsNaaaum NN ULEUATI2BIANNTNNUS
e INUSInQ alliin 11!8’15636’18%\@153'1‘“ (%) uay
USanau alliin Tu spiked sample (y) wazmsnagau
e paired t-test

nManedauAINuNY (Accuracy) uwag
ANafE (Precision)

nagauaNLiULara N s luane
AMSNIUT (Repeatability) mlagn1sitasizv
spiked sample #ilamnmsinansinasgy alliin
a9ly unspiked sample (ﬁﬂ’iﬂuﬂ%mm alliin 7
wiuew) Tianududy 3 520U ATUANYENYDY
M530 31sERsEaUas 6 B AuIAAITanas
MsnauAY (%Recovery) uazdosazaasmidaaiuy
MATFIUFNNNS (%RSD,)

NadoU within laboratory reproducibility
TosAezighathanntinde sz 2 au 1101 10 4
AIUIMANINLANAINSDEATNNNS (Relative

percent difference; RPD)



MINAUITIPEWUSIo alliin Tunsziian laegis UPLC

NAN5 Unazmad wazaoue

MM NNOYINIINTIANY (Limit of
detection; LOD) uazinanauainsmidinm
(Limit of quantitation; LOQ)

PRNNNNINATFIUFINNIDNA LOD waz LOQ
TO8AIUINAINAT Vinercepe * 3Sy/x HOE Vincorcopt
10S,,, Mya16U wazdiudua LOQ lasitasv
fszauanudnsuiieninald s1nu 10 31 duna
%Error warmiasazyasmsidssuunasgiu
JNWNS (%RSD)

MIeNiUTanas alliin Tunsziiss

Fedaene USinm 150 faansn asluwie
sUnny Yila 50% methanol YS1nas 25 Uaddns
analagnIsHaNuwUy vortex tHutIan 1w
N38961U syringe filter %ila PTFE 2110 0.2
lulasiuas wdrsazargdlndgraluiiasiey

1 v
ada v =

AEIDNWAIUNTY

NMINATAUAIINAIMNIUBISITALALADE N
Faghote Usainm 150 Hadndu avluwa
sUnny Yila 50% methanol YSunas 25 Uaddns
analagmananuuy vortex (unm 1 i gasiula
WHUDNZNBUNINTBNEIY syringe filter %ilan PTFE
219 0.2 lulaswes harsasanaimaeneluiansy

1 v 1
ada v

v = o A' Vv = =
AIYAIDNNAUIYUNIZUSLIDIINOU 15 UIN 30 UMM

Column: Amide

SN——— 70%ACN —
N 60%ACN —
A 50%ACN —
A 40%ACN —
)\ 15%ACN —
0.0 04 08 12 16 20

ez 24 THTANUAINSLAZEN UAUBE 3 T MU
Ardasazlaoilssuiisuiunadtassiisueuy
(%Compare) LLaz%'asla::wathﬁmLuummgm
qunWNs (%RSD)

asUsza e liuivauyaInIsILAsIEH
(Estimation of measurement uncertainty)
Anwlaanisszydanaesnsiensiluni
= a .o 1 d' o
winge UYsina alliin seyunaanan aeAdseznay
warUSwnaasenuliuiuay e liwivey
534 (Combined standard uncertainty) tazaN

Tsiuiuauvens (Expanded uncertainty)

e

o aca S a .o =

ASNRUNIDIAINLHUSINN alliin Tunseiian

NTEIFINNDVIFNNISTLBNITTNYBITEUU
Tas3nnnsw (Chromatographic scouting)
FUAUDIADANI

o =1 % 4 v d'

nansilSauisuaadny wuInAIAaen
#UM amide NAINLURNISTNFIUSUNITHLENES
Tudiade tilasanienyansalunisnniu
alliin Te8dUNULLALILDNIEIUVBIAIMIBZAE
A9 vog o .s' a Ao A a
aldidurgmaedaun lusaznignieasiniie
C,, C,, uaz phenyl lagansanninuasasnanle
AALFN UMW 2

Column: Cg
S 100%MeOH —
90%MeOH —
75%MeOH —
50%MeOH —
10%MeOH —
0.0 04 08 12 16 20
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Method Development of Determination of Alliin in Garlic by UPLC Nichapat Pattapong et al.

Column: Cg Column: Cyg
I— 100%MeOH —
100%ACN — —'—k 90%MeOH —
A T 95%ACN — L 75%MeOH —
90%ACN — 60%MeOH —
60%ACN — ——[L 25%MeOH —
0.0 04 08 12 16 20 0.0 04 08 12 16 20

Column: Phenyl

k 80%MeOH —
J ~— 70%MeOH —

60%MeOH —

0.0 04 08 12 16 20

mui 2 Tasannunsueas alliin Alaanms scouting laanaanilxiia amide, C,, C,, uaz phenyl

Fnaeadau TassnInns diaSeuiieuiu methanol /water
HAMSANAIAUALSATEILUDIRINAZE  Wa acetonitrile/methanol/water iipsanlsida

fadlihigmaiadouil wuhsiiouasdandumes  uedretention time finfunhyuwasiinisaniuld

acetonitrile/water tanzandwiuldlumsmszuy  wazanamiinand eeudaslumsed 1

= = a (% ] ¥ o ] Y [ - P
MMINN 1 Naﬂ'liﬂﬂ‘hﬂ%u@]LLGSBWS'Iﬂ’.]‘u‘llBQGI'JVI']GS@']EWI‘\]ESL%LUU’JQIYWILﬂaﬂu‘ﬂ

Flow rate: 0.45 mL/min, Column temp: 40°C

Acetonitrile Water Retention time Pressure
. . Peak shape
(%) (%) (min) (psi)
40 60 0.641 6830 Good
50 50 0.699 6320 Good
60 40 0.819 5840 Good
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MINAUITIPEWUSIo alliin Tunsziian laegis UPLC

NAN5 Unazmad wazaoue

= = a (% ] @ o ] Y [ P ] v
MMINN 1 Naﬂ'ﬁﬂﬂ‘ﬁﬂ%u@LLaSBGIS”Iﬂ']‘lﬁlBﬁﬂjﬂﬂataﬁﬂﬂﬂzal%tﬂulaﬂ”lﬂLﬂaﬂu‘lﬂ (aa)

Acetonitrile Water Retention time Pressure
Peak shape
(%) (%) (min) (psi)
70 30 1.093 4970 Tail
80 20 2.022 4240 Tail
85 15 3.632 3900 Tail
Flow rate: 0.4 mL/min, Column temp: 40°C
Methanol Water Retention time Pressure
Peak shape
(%) (%) (min) (psi)
40 60 0.694 10240 Good
50 50 0.706 10345 Good
60 40 0.725 9900 Tail
70 30 0.755 9050 Tail
80 20 0.804 7830 Tail
90 10 0.904 6440 Tail
Flow rate: 0.65 mL/min, Column temp: 40°C
Acetonitrile Methanol/Water; 3:1 Retention time Pressure
Peak shape
(%) (%) (min) (psi)
40 60 0.588 8120 Fail
50 50 0.698 7175 Fail
60 40 0.942 6360 Fail
70 30 1.581 5690 Fail
80 20 4.118 5200 Fail
85 15 9.352 5020 Fail
Acetonitrile/Methanol; 1:1 Water Retention time Pressure
Peak shape
(%) (%) (min) (psi)
50 50 0.440 12000 Good
65 35 0.476 10570 Fair
75 25 0.523 9240 Tail
85 15 0.626 7680 Tail
95 5 0.932 6000 Tail

nsanziwmanzanrasszuulasanlnns
(Chromatographic optimization)

NN IANHDNTIEIUYDN acetonitrile/water
wae flow rate fvmanzay Taseiladeanusansaly
msuenfiares alliin eananasauq luasazans
Mt MIaeaaNvasmsuan (Post separation

wash) 4azdeNaraIraaNy uananilafan

89ANNEIAUIUNISASIVTANENIZFN WU
DMS18@IUYDY acetonitrile/water NUsTN I

10:90 {ANUNUATIFA wazaInnITUTEHIHUAD

a

Backpressure 71 flow rate @U@ 0.50 Uadans

a

aowniizul wuhiienannnd 15,000 psi (gamai

u

ARaNY 25 BNFLTEALEEE) FUAUTANNAVBIPDANY
UALLATDIND ALEAILUMSND 2 Az Wh 3
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Method Development of Determination of Alliin in Garlic by UPLC Nichapat Pattapong et al.

#1991 2 Backpressure 2895z UUNDAEIN acetonitrile/water oz flow rate 614 )

Column temp: 25°C

Acetonitrile Water Pressure (psi)

(%) (%) 0.45 mL/min 0.50 mL/min  0.55 mL/min
0 100 13200 - -
10 90 13700 - -
20 80 13500 - -
30 70 13000 - -
40 60 12400 - -
50 50 11600 13000 14050
60 40 10530 11900 12700
70 30 9250 10500 11200
80 20 7900 8900 9500

Pressure at Column temp: 25°C

17000

15000
%)
o
g =000 0= 045 mL/min
0
m .
@ 11000 == f0.50 mL/min
- == f0.55 mL/min

9000

7000

0 20 40 60 80
ACN (%)

MW 3 nWLFNANUTUNUSIZWIN %acetonitrile Waz backpressure 28455UU

a o ‘J v ! \ . . R ‘J
HamsAnwauvgiinaaninansidiuzes  14a0 retention time waz tailing imzaniga

. o 4
acetonitrile/water 20:80 oz flow rate 0.60 pauaaalumni 4

1 =

Naddansaawi wuhhaungll 40 aveiralded
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o acta < 1a .. = an a 1Y ¢
MINNUNTIANWUTIN alliin 1Uﬂ’58L‘ﬂﬂN Iﬂil'.]ﬁ UPLC UBINNT {]GIGWWQW (13131

160 510
(7112 psi)
= 1226700 psi 485
@ . | — | ;
g = (6100 psi) Pyl 460
' 144 o
= 145 -
o 5
E 4
@ 2
|5 140 ( ’(4ﬂ . - o
: [ (5650 psi)
* 135 ]380 140 385
(5350 psi
130 135 | 360
20 30 40 - =

Column temp (°C)
—0— Retention time (min) —o—Tailing
MW 4 ANULFNANNFNRUTIENINgUN)IABaNY backpressure 28955UU retention time uas

tailing 284 alliin

PNINENSANY UV spectrum 289 alliin L‘ﬁmﬁnﬂiﬁ'ﬁ’l Intensity g3 @ d\/dAU Gi'] wae
Tug19NE1I0aY 190-390 W TUNAST WU lLignsuniudyarnainal UV cutoff wag
ﬁm’mmmé‘lu 220 m‘[umm XL RIS E U PA- PY acetonitrile éjﬂLLﬁﬂﬁiuﬂWWﬁl 5
tgswadmsulgdlunisiesizdusuna alliin

UV Spectrum: Alliin

AU

190 240 290 340 390
Wavelength (nm)

Wi 5 UV spectrum 294 alliin

AINNITHIFNILNLUNILTNYDISEUY  way focused gradient l@5zUUNMAINLEN GALTN
TasunInns i Taeldis segmented gradient  luesad 3
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P
15190 3 dnmzaasszuulasininasw

Stationary phase

Acquity™ UPLC BEH® Amide, 2.1x100 mm, 1.7 pm column

Mobile phase A: Acetonitrile, B: Water

Gradient table

Time Flow rate
Phase . . %A %B Curve
(min) (mL/min)
Initial 0.55 85 15 -
0.65 0.55 85 15 6
Separation 1.42 0.55 75 25 6
1.52 0.55 86 14 6
2.30 0.55 86 14 6
Post 2.31 0.40 86 14 11
separation 3.00 0.40 40 60 6
wash 4.00 0.40 40 60 6
. 4.30 0.40 85 15 6
Equilibrate
4.60 0.55 85 15 6
Injection volume 1 uL

Needle wash

Weak needle wash: 50% methanol

Strong needle wash: 10% methanol

Column temp 40°C

Detection 220 nm

AMSLHTANAIDEINILATIZH
= p= @ o P! @
NamsilSaulieudmaraen g lunsana
alliin lunssiian WaihasazaaNanaeeLay
50% methanol ¥MATIEW WUNESENANIE 50%
methanol lv3Usvzasiiandninarsanaciaul
WALIDENANUNICEN AB IDMSHENWUU vortex
Wunar 1 w9 Alduaiausiuismsuanuuy
I =] o t:l' tzi' a
vortex {unm 1 i wazih lunyumieanigumgi
4 svenwalded Wuna 15 1N eauaalumnd 6
LATATIND 4
NaMSLUSBUNEUHNBNTENUVANBHANINT DY
aaUsana alliin Wun Lduaneneny Taadinsaesio
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PTFE (100%) 1%@1 response area 8100 N6IN5a4
#1in PVDF (99.78%) W nylon (99.78%) taniiag
pauaaalumni 7

mMsnagauanultlaradisinsey
NINAFIUMNINIUNILLAIZANYDIID
nmsidseutiisu alliin Tuasazaie
MAIPIULBzEITaZAIEAIEN WU UV spectrum
Tsiuaneeny waze spectral similarity (R?) Tuzne
ANNENMIAAY 200260 W luns Wiy 0.999959
daudaslumnd s—12
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Sample preparation

\

Vortex for 1 min & Centrifuge
at 4° for 15 min (in 50%MeOH)

:

|

Vortex 1 min (in water)

Vortex for 1 min
(in 50%MeOH)

:

Sonicate for 10 min
(in 50%MeOH)

!

Macerate for 1 h
(in 50%MeOH)

F Aliin -~

S \

Alliin
IS. = = Aﬂ' vV = ac = L ] = I'd
NNN 6 Lﬂi?_lULVIEI‘UIﬂSN'II‘VI LLﬂﬁNVIlGW'\ﬂﬂ']Sﬂﬂ'le}']'.]ﬁlﬁlﬁim(?nBEI'N'JL(F]TI A7}

= =t at ad o o 1oa 4
MIND 4 WanIUTBUNEUIBIOIBNMDENIATITH

Extraction Centrifuge at Alliin (mg/g)
Solvent Method Time 4°C for 15 min  #; #2 #3 #4 Average+SD
Water Vortex mixing 1 min No - - - - -
50%MeOH Vortex mixing 1 min No 9.03 8.99 9.31 9.49 9.21+0.24
509%MeOH Vortex mixing 1 min Yes 9.47 9.23 9.71 8.83 9.31+0.37
50%MeOH Maceration 60 min No - - - - -
50%MeOH Sonication 10 min No - - - - -

Filter effect: Alliin

250 0.20
8
Q L
S
S - S 5
> [a\] o~
o
= o
= 245 010 2
@ R
<

240 0.00

Nylon PTFE PVDF
Filter type
[ Re— Area (uV*s) —0O— %RPD

NN 7 wamsilSeuigunansenuresriamInsasnaUsin alliin
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Method Development of Determination of Alliin in Garlic by UPLC Nichapat Pattapong et al.

Overlaid chromatogram

Alliin: 2.02

AU

0.0 25

Time (min)
Standard: Allin@220 nm ——AS Sample (Pooled)@220 nm

A 8 TasanInunsuaas alliin TussazmsanasguuazasazaafIng N

------ Inflection 1@2.006
------ Offset 1@2.013
Apex@2.023
...... Inflection 2@2.062
______ Offset 2@2.071

18 20 22 190 240 290 340 390
Time (min) Wavelength (nm)

Wi 9 UV spectrum a4 alliin °1umsa:mﬂmmgm

------ Inflection 1@2.004
------ Offset 1@2.010
Apex@2.020
—————— Inflection 2@2.054
------ Offset 2@2.070

18 20 22 190 240 290 340 390
Time (min) Wavelength (nm)

2WH 10 UV spectrum 284 alliin luasazareaings

L Msmsnaaingenaasmsinng
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0.08
—— Apex@2.020
0.04 —— Apex@1917
——UV@1982
)
<
0.00
-0.04
190 240 340 390

290
Wavelength (nm)

2N 11 wansilSeuisu UV spectrum SewiNiiazeides (1.917 wiH) baseline (1.982 u1#i)
wae alliin (2.020 W1#) Tuasazareainen

UV Spectrum: Allin | AS Sample Spectral similarity: Allin@2.02 min

feol
o
m°g

Q@ o°
[o} o°
:
wn 00

5 .

= )
C
[(o}
0
p—
o)
(2]
Q0
<

R? = 0.999959
190 240 290 340 390 Absorbance: Standard
Wavelength (nm)
— Alliin ——AS Sample (Pooled)
7N 12 M spectral similarity (R?) Tugnanuenadu 200-260 i lusns
1] %4 v Al % = Q( 2 = 1 %
MINAFAUTINLBINTI wazaNNuduasa Amandszansnmsandula (R?) iy 0.999791

= '3 .o J . a} v . =
KaNIFILANLUFITacaIBNINIFIU alliin Tu war@ y-residuals nlean residual plots 4N13
%9921 0.049 B9 0.582 fadnudaiiaddns nszeaseuagnarIgud Tealiwuaigadig
wuhnswnessiuilesianuiuduase Taa  (Outlier) dauaaslumwii 13 uay 14
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Method Development of Determination of Alliin in Garlic by UPLC Nichapat Pattapong et al.

Calibration curve: Alliin
6.0

50

X 100000

40

30

Area (UV*s)

2.0

1.0

0.0

y = 885519x - 94781
R? = 0.9998

0.0 0.1 0.2

03 0.4 0.5 0.6

Concentration (mg/mL)

2NN 13 nIWNAIFIY alliin

Residual Plot: Alliin
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=

AN

MINAFBUKANTENUVBINNING
NUAMNFUNUSSErIeUSua alliin 1y

MIAEANYNATTIULBLUININ alliinlu spiked sample

fenuiudunsanaang9weansin (R =0.999964)

MINAFBUMY paired t-test WUIIAT t INAIT

M5815NTHANENFFATANTUWNE
U 67 atun 4 aanan - SuNAN 2568

14 Residual plots 284n51Wana531u alliin

MU (2.479) UaanNAINgR (2.571) WEAND
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Matrix effect

6.0 -
©
S
© 50 4
Q
x ) ) i

40 4 o Calibration curve: Alliin
g 30 4 o Matrix-Matched Calibration
o
~ Linear (Calibration curve: Alliin)
o 20 4
GJ .
—
< —— Linear (Matrix-Matched Calibration)

10 A

0.0 : : )

00 0.2 04 0.6
Concentration (mg/mL)
2NN 15 Matrix effect
NSNAFAUANNUHY LASAIINLNEN wae %RSD, WU 1.19, 0.51 Wa& 0.59 MNIINU

a 2 . P o o P Py
HaN15ILAIIEH spiked sample 152AU  AUEAN UMW 16 LOLAITNT 5

ANMNLTNYY 0.08, 0.23 UAE 0.48 NAANSNADNAAANT NaMINAaaU within laboratory reproduci-
20U 6 %) WUINA) %Recovery LWINU 102.97—  bility wud1 RPD AU 2.39

106.02, 99.89-101.37 UaT 98.64—100.40 MUNAU

Accuracy & Precision

120 i ] i i i
% FRUON ENUUUNRS SUUSSUR SN RO S
> 5 E E E |
J] i l i . E E . i .
3 E 5 E 5 5
o Lo : : : : : '
(9] : : : : :
o : : : : :
R : : | : |
R e .
80 i E 5 ‘ ?
1 2 3 4 5 6
B Low level 103.09 105.41 104.28 102.97 104.96 106.02
m Medium level| 10137 100.69 100.87 10113 99.89 101.05
m High level 9913 9965 9931 9932 98.64 100.40

2NH 16 %Recovery NANUANIU 3 SzAU
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Method Development of Determination of Alliin in Garlic by UPLC

Nichapat Pattapong et al.

a ] a’ acia < a .o =~ d' v dg/
MINN 5 HANMINATIUANNUNULBZANNNENYDNIDILANzWUTINA alliin 1Uﬂ33LVIﬂNV\WGNu1°Uu

Spiked sample %Recovery %RSD
Low level (0.08 mg/mL) 104.46 1.19
Medium level (0.23 mg/mL) 100.83 0.51
High level (0.48 mg/mL) 99.41 0.59

119BITANNAYBINIIRIIANY (LOD) uaz
Aennerainsmdsia (LOQ)
NANMIAUIN WU LOD waz LOQ 1y
0.006 LT 0.033 WAANTNADNINANT MNSIAU
msfiudue LOQ fszduanudady 0.029
faansnAaliadans I 10 % WU %Error
aglur9 14.5-16.3 uaz %RSD Ny 4.28

15191 6 HaMSILAITUSIA alliin Tunsziiiey

MIeNUTana alliin Tunszidis
Wammsiensddiegensadion s

8 fhathe sedsiwandy Tagiensidathas

2 1 Idemde whiu 9.8742.75 fiaanSudansy

AauLEa luams N 6

Weight of sample (kg)

Alliin (mg/g)

Sample No. Yield (%) On dried basis As is
Raw Dried powder #1 #2 Average

Ro024/64 2.1 0.84 40.00 4.89 4.82 4.85 1.94
Ro025/64 3.9 1.00 25.64 12.55 12.00 12.28 3.15
Ro026/64 2.1 0.70 33.33 13.58 13.57 13.57 4.52
Ro027/64 2.8 0.90 32.14 9.77 9.75 9.76 3.14
Ro028/64 2.2 0.83 37.73 9.51 9.74 9.62 3.63
R029/64 2.8 1.00 35.71 11.37 11.33 11.35 4.05
Ro031/64 2.3 0.83 36.09 7.34 7.51 7.42 2.68
R032/64 1.4 0.51 36.43 10.21 10.06 10.13 3.69
Average 34.63 9.90 9.85 9.87 3.35
SD 4.37 2.79 2.71 2.75 0.81

NSNAFUANNAINIYDIFITAZAYNIBENG
NAMSNAFDUANNAIAIYDIFITALAILAIDEN
TasnMsIesIEWEINszazIa) 15 WH 30 WD ey 24

FILINNAIMSLA38Y WU %Compare 12d8 AU
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MSNN 7 WENISNAFDUANINANAIYDIFATAAILAIDE N

Sample Alliin (mg/g) %Compare*
No. Initial 15 min 30 min 24 h Initial 15 min 30 min 24 h
1 9.607 - 9.607 - 100.00 - 100.00 -
5 9.725 9.725 - - 100.00 100.00 - -
7 9.543 - 9.543 - 100.00 - 100.00 -
13 9.848 9.885 - 9.461 100.00 100.37 - 96.07
17 9.757 9.815 - 9.474 100.00 100.59 - 97.10
19 10.018 - 10.010 9.707 100.00 99.92 96.90
Average 9.750 9.808 9.720 9.548 100.00 100.32 99.97 96.69
SD 0.17 0.08 0.25 0.14 - 0.30 0.04 0.55
%RSD 1.75 0.82 2.60 1.45 - 0.30 0.04 0.57
naNBLweg: * Wisuieuiunaieneiisuay (Initial)
Stability of sample soluiton
10.1
99 T
o
S~
o 3
£ 97
c
=< 1
95
93
Initial 15 min 30 min 24 h
Time
MWD 17 WIeNLHUSN alliin 2996715928MDEN B LIAIAN ] NBINITLATEN
msUszanam A liiwivauyainIsesei AILFNITUAITINGN 8 WALFAFIULNAINNIVDY

namsUszanaeanyliwiuauludiagy  anyluwivey deuaaslumwi 18
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Method Development of Determination of Alliin in Garlic by UPLC Nichapat Pattapong et al.

c; 1 ) ] a < a .. =~
I NN 8 miﬂixmmmmmluu,uuauwmm‘mmwzwﬂsmm alliin 1‘Hﬂ§ZL‘VIEI?J

Component Value; x; Unit u(x;) u(x,)/x;
Weight of sample; mg 150 mg 0.00665225 0.00004435
Volume of sample; Vg 25 mL 0.10891750 0.00435670
Concentration of standard; Cg,;, (i = 1 to 6) 0.01833027
Purity of standard; Purityg, 98 % W/W 0.57735027 0.00589133
Weight of standard; mg, 37.47 mg 0.00642550 0.00017148
Volume of stock standard; Vg, 50 mL 0.21783499 0.00435670
Pipette for standard (level 1); Py, 1 mL 0.00631143 0.00631143
Pipette for standard (level 2); Py, 2 mL 0.01036034 0.00518017
Pipette for standard (level 3); Py, 3 mL 0.01554051 0.00518017
Pipette for standard (level 4); Py, 4 mL 0.01926171 0.00481543
Pipette for standard (level 5); Py, 5 mL 0.02318450 0.00463690
Pipette for standard (level 6); Py 6 mL 0.02722187 0.00453698
Volume of working standard; Vg 10 mL 0.11113280 0.01111328
Concentration of sample preparation; C, 0.0592 mg/mL 0.00182325 0.03077696
Precision; Prec 100 % 0.84119647 0.00841196
Recovery; Rec 101.57 % 0.54877567 0.00540312
Combined standard uncertainty
Alliin content; Cgq 9.873 mg/g
Relative standard uncertainty; u(Cg)/Cq 0.03744540
Standard uncertainty; u(Cq) 0.36971463 mg/g
Expanded standard uncertainty
U(Cy) 0.73942926 mg/g
Reporting
Alliin content: 9.87+0.74 mg/g (k = 2)
%Distribution of U Contribution of U
0.036 —O0——0 100%
"
0.032 |t ’,.'p 8!; §
A8 E 8
0.028 P S B 80%
&
[Ta)
0.024 FoR R ]
/9 60% =
/N -
0.020 AN o
=]
0016 €
40% 3
0012 y X
[
[
0008 |- 20%
0004 |}
]
0000 6

Component

ms: Weight of sample, Vs Volume of sample, Cgqf Concentration of standard; (i = 1 to 6)
Co Concentration of sample preparation, Prec: Precision, Rec: Recovery;
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Method Development of Determination of Alliin in Garlic by UPLC

Nichapat Pattapong et al.
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ABSTRACT Alliin is a major bioactive compound found in garlic (Allium sativum L.). It exhibits
pharmacological activities including antibacterial, anti-inflammatory, and antihypertensive
effects. Therefore, the quantitative determination of alliin in garlic can be used to evaluate its quality.
The objective of this study was to develop an analytical method for the quantitation of alliin in garlic
using Ultra Performance Liquid Chromatography (UPLC). A 150 mg sample of garlic was extracted
with 25 mL of 50% methanol by vortex mixing for 1 minute. The supernatant was filtered through a
PTFE syringe filter, and a1 pL aliquot of the filtrate was injected into the chromatographic system.
The separation was performed on an Acquity™ BEH® Amide column (2.1 x 100 mm, 1.7 pm). The mobile
phase consisted of acetonitrile and water, beginning at a ratio of 85:15 for 0.65 minutes, then adjusted to
75:25 at 1.42 minutes, and subsequently to 86:14 at 1.52 minutes, and maintained at 86:14 until 2.30 minutes.
The flow rate was 0.55 mL/min, the column temperature was maintained at 40°C and detection was
carried out with a Photodiode Array (PDA) detector at 220 nm. It was found that the retention time of
alliin was 2.02 minutes. As a result, the method validation demonstrated that the calibration curve for
alliin was linear over the concentration range of 0.049-0.582 mg/mL with a coefficient of determination
(R?) 0f 0.999791. Accuracy ranged from 98.64% to 106.02%, while precision (RSD) was between 0.51% and
1.19%. The limit of detection (LOD) and limit of quantitation (LOQ) were 0.006 mg/mL and 0.033 mg/mL,
respectively. Analysis of eight garlic samples revealed an average alliin content of 9.87+2.75 mg/g.
This study demonstrates that the developed UPLC method is suitable for the quantification of alliin
in garlic and can be applied for quality control as well as for the selection of high-quality garlic for

pharmaceutical or health product manufacturing.

Keywords: Garlic, Allium sativum, Alliin, UPLC
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