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waz CBN Tuihuzwsn laemsanaedamneaiia liquid-liquid extraction ua) clean-up ae SPE HLB cartridge
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unin

fy? (Cannabis) uaz iy (Hemp) §%amainenenansin Cannabis sativa L. {uiinangn

#iianileluned Cannabidaceae FaslasuamusulannuaaUszmemlansndelszmelne diasnignd
delitiauems dafiu amsenuduaisaussins vssmemusdnduthe washeliuaundy Guqndil
snnnasteiindluenanualmmsussistamuas i laud msnfcjmmumﬁuaaﬁ%ﬁﬁmﬂmfﬂ 60 il
wisewdnuasmsaangnaldifiu 2 nqu de msilisangnidaiouasissam (non-psychotropic
compound) 17U Tetrahydrocannabinolic acid (THCA), Cannabidiol (CBD) w8z Cannabinol (CBN)
wazansiiaengnidaiauazlszam (psychotropic compound) lasansfianansneanguslaanniiga Ao
A9-Tetrahydrocannabinol (THC) laags THC ﬁazaamw%ﬁ'm Endocannabinoid fwulusrameea
Fofuazanyud Wadududiusimn: Faldun Cannabinoid receptors iia CB1 finuannlusuas asdawa
TWanfienugy uwasdsiinadamuasdnizuianuiae anuduihe msdudamusdn mamuauszuums
waaulnzasiame wazszuudenliviedndas dudfusiin CB2 aswuannimadlussuuniiduiy uas
wWudszamaulae® wazesmslasuuauniussdiemenuennszduissanm ennavssanm envasulszam
nuiha uazenileangnidaintszam mathanl#feananaldnassleminasne duagiuBnadsudily
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*

A9-THC (Delta-9 tetrahydrocannabinol) A8-THC (Delta-8 tetrahydrocannabinol) THCA (tetrahydrocannabinolic acid)

0]

J.

HO

THCV (tetrahydrocannabivarin) CBD (Cannabidiol) CBN (Cannabinol)
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gmaih Il dundndainniu dwsulszndlnaimssandszmansznsnamssuguatiun 424 szyld
UNFITRINTN M uasnyse loun wWien meu wule femu 510 Tu (Mlifideaanfinunme) asane uay
mnfiidannmsana (i THC Ly 0.29% Teamnwinuia) wwnzilasuayanalindaludssmarinu
Uaarunnmsillueniandolvlnulsennd 5 uazlimsdudsumsinnmuaznaman lduslanilusdan
AN LAFDIENDNUAZIMNS LR auauaILlgamMsWaNiymuasnyzuigasegha Flasumsnsy
o Aa = o v ] v P < ady v < = o
Suddunnuazimsihanlgadeneene ssain CBD Wuasnnsssuandn lignovainvanauaziilselani
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Determination of Cannabinoids in Coconut Juice using LC-MS/MS Sakulrat Somsuntisuk et al.

FRFUMW (BU ZIBMITUBUNAU LAY aAMTONLEU 99130 aneImsindandaile Uasnumsiiaayya
dase annsohludszandlfifuenuazanmnsld daugndlumsdadumssniauuazayyadas: Mgaaanuds
WEYNAININNNUENUAN NIzaUMIFTNADIRU LD wnsangemsthan1luedssdon dmsundosos
MNsUasASanN IMsihaiues 9 asdumuasiazanldaghamnvans wi 1?1qﬂﬁé’um1néwﬁuﬁn;m Qﬂﬁl
wine3 wea uazesasaman Ui arnsiasensSananluium thiunsuesananum FenuEe
asnillumsuilaa fe duanennmsudlaaiuene dasmnmessylsinamsuilaefimainzauduaed
vhldenn Idamsailimannvans wu seug ey anmw wasduzesiamviaiazsiitihanly nssuiums
wAouazaulsznavay g luarmauasiaiasin nuisilhdsnnguilag wu thwindg ey e ssuuluen
voddw Wudu wannnil msuslaetgviadymdaddsreznanudaumseangns logldsreznanu
A9 30-90 Wi Tumsdidesans THC Tdsauas uazliszaznanlumssengndgegauszana 2 - 4 Hlag
wasnnuilaa Jainliuslaearaliddniivenlusazusn wazuilaeauiwine dwaliiiaeimsadiann
wmdasesay Wasdy Jadeu thedsus wesiladuuss maldduluBinadnadulysmsaaguus
quistulsyamuany Wiummwaiem WU ¥R ANNAeFUEY wazmuaNaaelila

UszinalnaiimsmvualinagegavasanssagiunuaznynslusmsudazdUszom laggndean
il'al,l,u::ﬁw"\"mqwmwLLaxmmﬂaamﬁ'ﬂwm Federal Institute for Risk Assessment (Bundesinstitut fiir
Risikobewertung, BfR)® Usznetensaiinlanannms ALARA (As Low As Reasonably Achievable) waz
a’iﬂ'wiw“?;qﬂLﬁ'mﬂﬂuﬁuﬂismﬂﬁuﬂ wuh Waieuiue Acute Reference Dose (ARfD) 284 total THC
Fahiu 0.001 mg/kg bw/day® o izﬁuﬁLﬂm%ﬁwwuﬂawminﬁﬂﬁtﬁmmmﬂaamﬁ'&nﬁm%’uﬁu’%‘[nﬂlﬁ
TagUseMANTENTNESITUEY (Ui 425) w.. 25647 Igmuuanasilinaesasianmsiiddnlsznay
yaandn 1y vislusiunnwindun Wy ndasaeisynasnmiuamsh ndasaruNay uNTURH
fififuSs Syd ullwdesndy (starch) udusznay fdmaludiougsgaues total THC whiy
0.15 fisansudadlandu waz CBD whiu 3.0 dadniusedlanin sumailinamisviundnsusiaims
ﬁﬁdauﬂssﬂawaqﬁ’ﬂgmﬁaﬁ’mm MAUYTEMANTENT NI TN (AUR 427) W.d. 2564 Pawualy
avanuas THC lalaiiu 1.6 fadnsudamiiaussy uaz CBD laitiu 1.41 fadnsudaningussy anviu
915 UM BINSEENIMSUMINUEANEN waziA3BRNTINaNNIWEY
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duadylumsquasasnnulasasezaeguilng Funailalumsasadensy duilvanvars wu Gas
Chromatography (GC), Liquid Chromatography (L.C), Thin Layer Chromatography (TLC), Fourier
Transform Infrared Spectroscopy (FTIR) w8z Nuclear Magnetic Resonance Spectrometry (NMR)
Taawmaiananfidexls laun HPLC was GC diasnnsansadensiasvanssiinlaniauiy fanusimns
wazamnalhge mansaasndaumsiilinaniasldaguiuen udiitaduazdaiiautszms Tag GC i
T#5mnu detector wuu Mass Spectrometry (MS) %38 Flame Ionization Detection (FID) 2a@289n15
1% GC Aasansadenziarsszvg (volatile compounds) au 1 Tufamuasiamld @y Terpenes aehals
Ay MAwNziag GC fdennade lumansauanaywusuauinduead lugunsauaznany wu THCA
waz THC sananiuld liasnnlumsiensidadldanaiaugsis 300 asemmaides 39l THCA ifa
decarboxylation nanewilu THC uazwamsdianeziiildazifiumanulugiuas total THC failu vndains
Ieevlaguensiingsny @5 THCA 226 p461unszUINNs derivatisation nau® dwsuinaiin HPLC
w38 LC # detector ﬁawminiﬁémﬁ’u loun Mass Spectrometry (MS), UV/VIS Spectrophotometer
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(UV) uae Diode-Array Detection (DAD) paaniniienldlumsuenarsilulseinn C1s stationary phase
issnnansnguuauiniueed dauantdiu hydrophobic uananil Uszlemizasnmsld LC fa anansousn
aywuslugunsauaznanla asnnliimslianusougs THCA Falindsuudasliaglusudu uaiide
o @ av a o a ¥ o ¥ o v ao g v Ao W ' a
Nnhenliminseiensiassameziiodu q lunsannula swmsuisinespunldanatiuiuasnguuauind
waed lasinmsssylulssmeanssnsnaan sy atui 425 uas 427 (W.a. 2564) lildindasiianardananms
Iﬂsuﬂmﬂiﬁmuuwaqmmamsﬂu:g{q (High Performance Liquid Chromatography, HPLC) w’%agmﬂﬂw
M3AnURTAQUszaNANBNMUNIEMIFNaLazATINIANENINGNLANINTUBES NI 6 Fila
lown As-THC, A9-THC, THCA, THCV, CBD waz CBN lun5asay laawmailn LC-MS/MS o
U a Yy = o o aa . . v ¥ v & @
ldEmsimnzanudy MMInadaunnNgneieswads (method validation) lHinuswinluduny
(representative matrix) 209tA3BIANUANNAUTE LHBIINMBENYBILAIDIRNNNUMNN DI AT anwaTly
‘ﬂl dl' 1 1:! %’ v n’t:l' o 9/4:2’1:4 a %’ Y o % £Y 1 a -:l' = o
AN RUAITEN U Fuhuzwsnnareslsdmhanldil ivsinanhmalndidssiuieeeiiodu 1 Faih
I dumunule wazimsIese’ method blank, matrix blank, limit of detection (LOD), limit of
quantitation (LOQ), linearity and working range, accuracy ttaz precision §§ EURACHEM Guide
(10) A s vadd“lyd £4 ° ovlﬂslsv a vo’w 1 44' ﬂ w‘[ 041 d?l
2014 tiadugunIsnladanugnass wimnzay snsehlldanaiwmngvimeginedsslesilunmsau
neiiaueIms MsmuguauMwaImMImNNguIng wasmsthsslenulasadaliiuguiloa wanani
gailsslamidamsussilivanudas MsmMuuanIsgUIsnasauasnguuauniuaad luams amnsald
a g & v & Vo ] a A v A v [ Y [ v v A
uamieNsiiludayaiugvlumameuauinumbanuniedss ineileenu uazithszianmsldmsmail
Thwsnzanaaly

msmﬁuazmsmmgm

910393 ¢ delta 8-Tetrahydrocannabinol (A8-THC), delta 9-Tetrahydrocannabinol
(A9-THC), Tetrahydrocannabinolic acid (THCA), Tetrahydrocannabivarin (THCV), Cannabinol
(CBN) (Waanauwizag Lipomed, purity > 98%) wag Cannabidiol (CBD) (#anAnwizas Bureau of Drug
and Narcotic DMSc, purity 99%)

#1910 : methanol (CH3OH), dichloromethane (CH2012), acetonitrile (CH3CN) I HPLC
grade w2 glacial acetic acid (CHgCOOH) t{lu AR grade

ia3asiiauazaunsal

LASDITI 3 UM UBE 5 ALLVUN, Lﬂéawmﬂu, vortex mixer, reciprocal shaker, refrigerated
centrifuge, turbo nitrogen evaporator temperature controlled, SPE vacuum manifold, micro pipette
2110 10-100, 20-200, 100-1000 Waz 1,000-10,000 LulATANST, screw cap centrifuge tube 2119 50
499903, test tube UM 15 NABNI, micro-spin filter tube 0.22 um PVDF, cellulose nitrate 211
Lﬁumuquﬁﬂaw 47 mm 0.45 pm, HPLC vials &% 2u1@ 1.5 ml, solid phase extraction cartridges
(SPE) Oasis HLB 6 cc (200 mg), Lﬂ%}m LC-MS/MS Usznauaae binary pump, autosampler, micro
vacuum degasser, thermostatted column compartment: Agilent 1100-API 4000, detector #%ii@

triple quadrupole mass spectrometer wazaaany EC 150/3 NUCLEOSHELL RP 18, 2.7 um
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Determination of Cannabinoids in Coconut Juice using LC-MS/MS Sakulrat Somsuntisuk et al.

NILHIBNAIALEN

afamanguuatniuesdnndaens Tagldihuzwmanalsdiudumilumanasouaulald
2BIRMIIATERE MU matrix (AIBeANLAINUTE MIIEMIAT Fadaehe 10 + 0.10 N3N aelu screw
cap centrifuge tube 2110 30 {85305 MNULGN dichloromethane 10 iadans wanliE UMY vortex
mixer uazwENAIELAIaY shaker {lu1a1 10 - 15 Wil Aauthl centrifuge # 4,000 saUABINT gound -4
parnaded Wunm 10 i LLE;I’JQﬂﬂ’liaxa’lEl%gu dichloromethane ghuaasnanae 1d test tube 2110 15
N98an5 5LMEdI9LaI868 nitrogen evaporator ﬁqmwgﬁ 40 - 45 DIFANBATET UABUULN udzazany
residue 718 methanol 1 183309

111U clean-up #e SPE Oasis HLB 6 cc (200 §i9an3y) Tosiitunaudadi (1) Pre-washing:

[

¢t methanol 5 §a3805 UWAzINNAY 5 TadANT MUMAU (2) Loading : ldmsazansiianaldnanuaasly
cartridge (3) Washing: @78 25% methanol 3 #8880 (4) Eluting: #d5aeh waztiuduiilva
Euaean laald 90 : 10 acetonitrile : methanol 5 183375 Waz 60 : 40 acetonitrile : methanol 3 Jadans
muadu Teemnauseudasmuauliisanmslramhiane was cartridge liusaudull ssmemsada
#l@1nms clean-up #78LA389 nitrogen evaporator ﬁqmwgﬁ 40 - 45 NANTDITEY AUNDUBNG WA
aza8@Ie acetonitrile 500 lulasans n589/11 PVDF filter 211 0.2 lulasiuas wuamansanald HPLC

vial % 2119 1.5 Hadans e ldandenzviniiawazlSinaumeansas LC-MS/MS

MLy LC-MS/MS

dnmzeineiia Liquid chromatography : Agilent 1100

mobile phase (Jussuumiazae 2 #iia lagdvazare A @8 0.1% acetic acid in DI
water : methanol (95:5) waz@yazaiy B @a 0.1% acetic acid in acetonitrile : methanol (95:5)
anuvQiizaenaduinAy 40 asmnaLded injection volume Ay 5 lulasdns wazamedildlumsuen
ssnguuaundused Wuwuy isocratic sauaaslumsned 1

#3197 1 LC conditions dmSumsiensviansnguuauinivage

Time Mobile phase A (%) Mobile phase B (%) Flow rate
0 27 73 0.7
15 27 73 0.7

dnMzipIadia Mass spectrometer: API 4000
Mienzilaos MS/MS asazgninliidulassuuinuazau Tae electrospray ionization
(ESI) laaauﬁlﬁ%gﬂﬁmiwﬁﬁaﬂ Multiple reaction monitoring (MRM) mode lagiannsaae mass

spectrometer NN 2 UBz 3

NINAFBUANININGBILBNITIATIZH

MIFTNANUNAIFIU

(@383 matrix-matched calibration curve Tmﬂ%"\‘lfmzw%nﬁ t¥ matrix blank I 6 ¥aBA
usIANETNIN5gIU As-THC, A9-THC, THCA, THCV, CBD uaz CBN # 6 stauanuduTy laun
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-7 1 =\ % 3 o % o Y a Qa’ L L% 1] v
0, 3, 5, 10, 30 waz 50 lulAsnsuaaRlansn MnUUIMMIINAUazYN IVUSENSWMauMsanaaatN 5N
NOIFIUTEHINANNANAUANTITNNTTIU (UNU X) NU peak area BIEITNNTFIU (LNU y) LAzAILIN

Vo a £ v o . . .
mmanUseanonmsaadula (coefficient of determination, r*)

M350 2 MS/MS miniiwasmiumsiengiansnguuauiniused

Ionization mode ESI, positive and negative
Ton spray voltage 5500 eV

Temperature TEM 500°C

collision gas, CAD Nitrogen, 7 psig

curtain gas (CUR) 25 psig

ion spray nebulizer gas (GS-1) 60 psig

TIS Heater Gas (GS-2) 60 psig

M35 3 M/Z 2eeansnguuauiniueed uas fragmentation conditions

compound precursor ion product ion Dwell time DP CE RT
name (m/z) (m/z) (m/z) (ms) (eV) (min)

A9-THC 315.00 193.000 (primary) 50 70 31 6.28
135.000 (secondary) 50 70 27

A8-THC 315.100 193.100 (primary) 50 70 31 5.97
135.100 (secondary) 50 70 25

THCA 357.400 313.000 (primary) 50 -100 -35 8.41
245.200 (secondary) 50 -100 -42

THCV 286.900 165.000 (primary) 50 60 30 3.29
123.000 (secondary) 50 60 45

CBN 311.000 222.900 (primary) 50 80 30 4.65
241.100 (secondary) 50 80 30

CBD 315.000 123.100 (primary) 50 73 45 3.09
259.000 (secondary) 50 73 24

1153tA312% method blank waz matrix blank
a ¢ o acta od o v v o Mo a
3109121 method blank Tagafamaidiensinnan dremsldasieinmuaud liinmsida
@98 Uaz matrix blank lagmsanainzwsnliimsluidawwasasnguuauniuasd maudsiensy

=

296U ea5a1e method blank waz matrix blank 1@A589 LC-MS/MS tWagii m/z %38 peak

SUMU AFAUMUAUIIBIETNNTTIUVID L
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Determination of Cannabinoids in Coconut Juice using LC-MS/MS Sakulrat Somsuntisuk et al.

MIFITAMNAVAINIINTIANY (limit of detection, LOD)
nadaulaatduasanasgIung 6 7l Nszauenuindy 2 lulasniuaanlansu aslu matrix blank

IA5ILH 10 9 UFINTIAEBUA signal /noise laananadliny false negative

MIFITAMNAVBINIIINBIUIHIMN (limit of quantitation, LOQ)
nadaulaatdnasNAsTIUNN 6 7l Nszauenuindy 3 lulasniuaanlansu aslu matrix blank
P51EA 10 T MwnalSinaniisuny calibration curve waM I %recovery, %RSD waz HORRAT

MINaFauANMTUEUNTI WazEINMTIATIEY
nadaulaatduasunasgiuaslu matrix blank NszauANNLNTUMN calibration curve NIVING
6 550U Loun 0, 3, 5, 10, 30 4az 50 lulAsnTNGABATaNSY IANLrsEAUaL 3 20 aSHANWANNFNNUSTENIN

ANNIANTUYDIENTNINTFIU NU peak area FBIFITHINTFIUN 6 FHUA UAZAIUIUNIAT 1°

AINAFAUANNUINY wazANNTIES
nogaulaglinasnasun 6 ¥ila nsvauanuENdy s, 5 waz 50 lulasniudadlandy asly
matrix blank Sa5zdseauar 10 @ mumUSiaiisudu calibration curve UgIFuIAL ALREY
srecovery, %RSD uaz HORRAT ‘[mﬂﬂsmﬁumamsmmaaummgmﬁ'mwaﬁ%‘muansﬁﬁmuﬂﬁqfr
ANUUNY (accuracy) myvuanaeisansulaaminae grecovery BElUTN 60 — 120% AMULTEN
(precision) tnaiaaniulaeld HORRAT (Horwitz ratio) 7t Codex waz EU fvual3fi < 2 % HORRAT

(Horwitz ratio) @uIaa1n

Experimental RSDr
Predicted RSDr

HORRAT =

a ' [l ] a I'd
mMsusziiuam e liwivauraImsIney

msdsziiiumanuliniusuzainisia® milidsuvasssenuliviuaunnyouvas laun
Wvn USNes nINesgIY enuies LazaNuuNY LaImM NN ANN NLULBUTNYNG DINTUUN
meanuliuiususeneiszauaNudasy 95% (k = 2) aUseiliumanulaiwiuauasmsiieneiannds
Py
nlanagau

YSinasnsinumbeadululasnsudailansy (ug/kg) wazmuaANNENIUYBIENTINTIANY

N standard curve

Toglgaumsidunss Y = aX+b

ﬂ%mmwmmiﬁmmwu CA (ug/kg) = (Y-b)ra
Tos X = concentration

Y = peak area

CA = conc. of analyte (ug/kg)

a = slope 2@4 calibration curve

b = intercept 984 calibration curve
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We

NnmMsAnmmIensiasnguuaniuage w6 %iia laun A8-THC, A9-THC, THCA,
THCV, CBD waz CBN meldismsuazannzimnue a3nsaasansnanasyuanuduiusssunnma
Bz U peak area 2aesnasyIuaananla Tudnemandagu s - so lulasnSudanlanin lansnidu
@uase fian r Tuzne 0.9921 - 0.9985 uazlianwayed peak sauaaslumnit 2 waziiaitwszv method
blank 209an5tA3i7 15 Manae waz matrix blank 2a3saaehathuzndn liwu peak sunulugiaimsasia

-7 YV
015Ny
THCA

B et Y
-
L]
LEE ]
LEET
-
-
-
et
08

g o
-
-
-
-
-
-
1808, AB-THC
102, 7 AQ-THC
- CED -
- THCV

ot CBN

ates. 400

- A J
A

1 20 2 4' se g RO " ” we "e 2 ne 2
Tame, min

mwﬁ 2 Imm‘[mmsmmmimmgmuﬂumﬁuaﬂﬁ 6 #in lawn A9-THC, A8-THC, THCA, THCV,
CBD uay CBN Jaesienaiains LC-MS/MS

HAMINAFDUAANNAYBINIATIINY (LOD) zavasnguuauiuese W 6 70 §M3U matrix
w3nshu vy 2 Tulasniudeilaniy Taslidayana S/N gand 3 wh Tunndedhe duddediaze
maladeline (LOQ) whiu 3 lulasnsudanlansn wamsiigaia LOQ lasmsinasainasgiuuas
05129 10 71 Wuh Feanuusuilszdiuanamas grecovery LUBIN 103.93 - 113.37% Wae %RSD
T2 2.6 - 4.3% ANNLAIEIIN HORRAT agluz249 0.10 - 0.17 auaaslumsed 4

uamnagauaNNIuduased19msienzi (linearity and working range) figesanuENTY
3-50 lulasnsudailansy lonsnidunse fien r* Tugie 0.9921 - 0.9985 FIUMINATDUMANNULIULAY
enuiiEaRBeneinssauaMuENTY 3, 5 wat 50 lulasniudanlansy anudususs 10 @ wut il
annusuiiUszfivaneaas srecovery 2a9ans As-THC, A9-THC, THCA, THCV, CBD uaz CBN
ag/lu2249 92.20 - 108.20, 95.96 -~ 107.53, 94.00 - 112.70, 91.16 - 113.37, 96.02 - 106.96 Uz 94.82 - 109.13%
MNEITU B9 srecovery ﬁvgnssé’um’mLﬁuﬁuagﬂuﬁwmsaau%'u 60 - 120% WazANNLAEY (precision)
filszifiuan %RSD uaz HORRAT agluza 2.65 - 15.00% uaz 0.10 - 0.90 muadu dauaaslumsi 5
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Determination of Cannabinoids in Coconut Juice using LC-MS/MS

Sakulrat Somsuntisuk et al.

3NN 4 wamAeNeasnguuandueedlumagiaunuzwiIng LOD was LOQ

A9-THC As-THC THCA THCV CBD CBN
Limit of Detection (LOD)
2 ng/kg
Range of S/N 30.7-54.9 15.6-30.5 35.1-153.9 11.6-34.1 13.8-59.1 5.9-12.9
Average S/N 39.40 22.07 69.18 17.15 30.03 8.58
Limit of Quantification
(LOQ) 3 ug/kg
Average conc. (ug/kg) 3.23 3.25 3.26 3.40 3.12 3.27
Recovery (%) 107.53 108.20 108.57 113.37 103.93 109.13
Standard deviation (SD) 0.14 0.13 0.09 0.13 0.13 0.10
Relative standard 4.31 4.01 2.65 3.86 4.33 2.94
deviation (%RSD)
%RSDexpected 25.32 25.32 25.32 25.32 25.32 25.32
HORRAT 0.17 0.16 0.10 0.15 0.17 0.12
@919 5 Accuracy Way precision PaiEmenziuaunduasdluhuzndn
%recovery %RSD HORRAT
Spiked level p o p o
#13116033 U (n=10) Mean = SD (tnaumgansy (LN gaNy
(ng/ke) Min - Max < 20%) < 2)
A8-THC 3 99.67 - 114.33 108.20 + 4.34 4.01 0.16
5 95.60 - 111.20 104.50 + 4.62 4.42 0.19
50 69.80 - 109.40 92.20 + 13.83 15.00 0.90
A9-THC 3 100.67 - 113.33 107.53 + 4.64 4.31 0.17
5 99.20 - 109.60 105.38 + 3.69 3.51 0.15
50 77.20 - 115.0 95.96 + 14.32 14.32 0.86
THCA 3 105.67 - 113.67 108.57 + 2.88 2.65 0.10
5 103.40 - 120.00 112.68 + 5.38 4.78 0.20
50 75.60 - 110.20 94.00 + 13.60 14.47 0.87
THCV 3 104.33 - 118.67 113.37 + 4.38 3.86 0.15
5 97.60 - 118.60 109.52 + 8.09 7.39 0.32
50 74.40 - 103.80 91.16 + 10.19 11.18 0.67
CBD 3 97.00 -110.00 103.93 + 4.50 4.33 0.17
5 99.80 - 115.00 106.96 + 4.95 4.63 0.20
50 74.60 - 107.00 96.02 + 10.14 10.56 0.64
CBN 3 102.33 - 112.67 109.13 + 3.21 2.94 0.12
5 97.00 - 113.00 104.12 + 5.36 5.15 0.22
50 75.00 - 112.80 94.82 + 11.94 12.60 0.76
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msUszanamemuliwivateimsiaszd thmsieszwans CBD uaz Ae-THC lurhuzwddiu
heths wuunasiisnasemalaiuivey laud thuinuasdads Usinas anudduisulaan calibration
curve 13NAIY bias uaz precision lamnamanuliuiuausenszesas CBD waz A9-THC Wy
11 SEINAU £ 12.29% uaz 13.4% MUAINU HzAUANNEaNY 95% eauaaclumed 6 uazmui 3 waz
Wisuieudadueenuliuivay nnuasenyliwiveuiideuadaU3inasns CBD mnsnnliias laud
calibration curve (4.3%) AT (4.1%) anuBauLINas (1.3%) miﬁ"mfmﬁ'ﬂ (0.6%) woz
U515 (0.3%) 115U A9-THC loun ANLTiEN (5.1%) calibration curve (4.0%) anuigaunaInAase

(1.6%) MIEUIMUN (0.6%) Wazl3uas (0.3%) MUSIAU

MINN 6 MIUszInameNN N U UYBINMSIANLREMSUES CBD waz A9-THC

CBD A9-THC
Source of uncertainty unit X u(x) Percent X u(x) Percent
1. Sample weight g 10 0.06 0.58 10 0.06 0.58
2. Sample volume mL 5 0.02 0.33 5 0.02 0.33
3. Concentration of Sample pg/kg 50.83 2.18 4.29 50.33 1.99 3.96
4. Precision % 100 4.10 4.10 100 5.12 5.12
5. Bias % 100 1.30 1.30 100 1.62 1.62
- Combinedrelative standard  ug/kg 50.83 3.11 6.11 50.33 3.38 6.71
uncertainty of sample conc.
- Expanded Uncertainty 6.21 12.23 6.75 13.41
at C.I. 95 % (k=2)
Relative standard uncertainty of CBD analysis Relative standard uncertainty of A9-THC analysis
v I s
reiion [ — ]
————— Concentroion of Savple |
— ssanplevotone [
snpteweic [ ssnpleweies [
0000 0005 000 0015 0020 0025 0030 003 004 0055 0050 0000 0010 0020 0030 0010 0050
Relaive sandard unceriney Rebative standard uacertiary

Wi 3 Relative standard uncertainty 283m33tA51¢% CBD wae A9-THC 1nuwraan Ny laiiuaua 9

a 4
AU

AN 6 riladildhmsanaienzilasmaila LC-MS/MS ATBUAINMNUIEMANTENTN
NEITUGY 304 whnsasionsnimsatauauindlossadiudiulsznau e muuadmsuss CBD uaz
THC uannniimsdinnevidansounquayiusau g iddn 1dud total THC vieuiinamsnangns THC
nananaansanulandsnnurnvistymlaiuanudou Wy Manssuaumsmsauniamaaslsdly
MIHANATERN TNANNINKATINBY A8-THC, Ao-THC waz THCA Tag THCA {Wushsiiliisangns
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dednlszanmlognse udiilalduanusauiigamail daudt 85 pernizaided 1ull §1unsniia decarboxylation
waznaenilu THC ‘[mﬂmﬂﬁmm'%"auﬁqquﬁ 100 ssenwaded uszeznm 3 il w%aﬁqmwgﬁga
160 asrnalded 10 17 uaz 200 asewades Lifdni sansawasy THCA wwwaludy THC 16
penanysal’? uaz %L'%mmﬂé?m,@iqmmﬁ 157 seenuaded 2uly é’aﬁumﬂﬁmwu%’augﬂussﬂmmﬁ
wuiuldazrhldusinams THC anasluathann® dwiuans As-THC ailussiilinangniuasiu
Tolwwadues A9-THC sansaldsuudalaseddesiumsiio isomerization nmeflusisaangnd
A9-THC 1§ wananiiamsienzinnannauamansaldasaiesnzd CBN lawuiu #1 CBN fluas
fienmssanadiues THCA waz THC aldsuanudou 85 - 100 asenwaides uaziivaliaanse
szylSinaensaaylaseneasaungu MSIANENMI07ITA NS Cannabidiolic acid (CBDA) ilaqan
CBDA fumsmsduiisnansa/asuily CBD s decarboxylation wuidienfumswasuain THCA
Wlu THC udaziisanmsiiauinsensinhiuszana 2 th®

aynuslungu uauiniiuesd flassaadiu bi- w3 tri-cyclic Fusznaudsmamsuauua:
lalaswuiunan fieandau 2 aznaw ﬁqﬁqmauﬂ'&ﬂumﬂﬂﬁ{% (hydrophobic) azanglalidluthniad
vhasaefifitann uiesmsldaludazmedunid Tasmwslufuussuoanasad ™ wasiiayiusiilunse
i THCA #wsznaulushaaaniiau 4 asaaw waziimjildiuilunsamsuandan Sufluansiiiinannnt
autusauq datumaidanlddazmefiminzaniafeanuddgasannlumsadalild recovery g
LLasﬁﬂﬁmiaﬁmﬁqﬁlﬁﬂmiﬂuﬁﬁaummﬁulﬂ mslEsrazaneiiiizauna (intermediate polarity)
uaniy dudnmadennil uddasiimsuSuriiauazdadnlimanzant® maseneunthi®® lavhmsase
mimjuu,ﬂumﬁuam‘fﬁnn‘tfwﬁmau Toe degassing MeI5MS sonication wazl# 1 : 99 acetic acid : acetonitrile
Husihazans fewmihltieeziens LC-MS/MS athalsion 5amsilduanmsdans duhlilae
LOD waz LOQ guﬁun’hﬁ@i”mms LﬁmmﬂﬁaLLuxﬁwsxumsﬂuLﬁaugqqmm THC lutaiasanlities
0.005 Hadnsuaailansy Jmaasalagldisms liquid-liquid extraction (LLE) wazlfmvnazanaiy
dichloromethane #afludvhazmedunidiaousnaiinios i polarity index whiy 3.1 vhluensuiu
fathandashuuasaansafiansnguuauiniuesdosninlususnasmedunid samausnmsiioasldlu
1hafiadu q fieasumumsiensy Wy thaa tnaeus aenld fnmAdedldmsatameianms LLE wufut?
Tosdumsatandasasinndayse Wy wisedy e 9 weeam sadihazarenanszwin ethyl
acetate : hexane 8a5187u 1: 9 3§ polarity index WA 4.4 UaZ 0.1 MNTIHU

MaNvimewmaiia Liquid chromatography ‘mﬂL?Juﬂwiﬁ'mﬁ‘ssé’mmmﬁ'uﬁ'uqq iy Tuszau
fiaansudailansy aansald detector #iin UV wazasiaiafienuenaau 220 nluwas™® wddmsu
Femsiiwannauil fidhwnaiennaselussauiionnd s lulasniudeilandy Sudenldinaiia LC-MS/MS
Faiienuhuszunsiunsienziiaams damndumseade m/z fadudnvazmmeiusiasudas
#iia aniuansiidiy isomer fuvndio lumsiesneil leud As-THC uaz Ao-THC @adien m/z whiu
¥4 precursor ion Wat product ions™® é’qﬁy'unmwnmsﬁmmwﬁmf:aaﬂmﬂﬁ’uimﬁqmsuﬂﬂagﬁuéﬁu 9
Lﬁaiﬁmmim:q%ﬁmLtazﬂ%uwmlﬁatiwgnﬁaq faean@amsla mobile phase Uas stationary phase sz
fmAseenu Aesulxiin C18 #uflu reversed-phase chromatography fHUszansmwgelumsuenans
nanuauniuaea™® Tumswannisassil tnemaaasld Zorbax SB-C18 column wawuh Liaainsousnans
As-THC uaz A9-THC aannniule Tagssnsaawniiofdims co-elute aansmianfuily single peak
Jaldsuaasmiifluaiin EC 150/3 NUCLEOSHELL RP 18, 2.7 um %ﬁﬁwumLﬁ'umuqutfﬂmmﬁﬂm
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wasdemuimeumsuanaslunguuaunivasd Jsnansausnayiusie 6 xiia aannniuldagedany
athalsfionu msldmadulil dawalianuduludiuzes LC Aeuthegs wasanussiinssTaliliiiaymenina
Tuajidhgeadinl ilasnniidurhugudnasmnadnann daiumansasmsafade filter Afdushuguenas
2100 0.2 lulasiuas yoasanewhludaiieias LC 8nmamaidans mobile phase fionuddnlumsuanas
Fawumsld mobile phase fiiiu formic acid ntiag sansagielianyaraas peak faulauaztelians
wenaananiulaaiuc finsanmenuiinisld mobile phase #il pH 5 s3nsausnaslaasy peak i
ANNENANATINNAIULEE baseline Yaanii pH 7.15% Taglumswanndail suusnld mobile phase #iia
0.1% formic acid in DI water L8z 0.1% formic acid in acetonitrile wuhienusnselumsusnasn
6 sl le LLGiLﬁE]Lﬂ%EmLﬁEmﬁ'Uﬂ'I‘ﬂ‘Z’f 0.1% acetic acid in (95 :5) DI water : methanol L8z 0.1% acetic
acid in (95 : 5) acetonitrile : methanol WU peak 2aNUAZFISHMSULNNIUTR UANNTY ANHLD peak
femuanana sty uaz intensity gedu
NNMINAFDUANNYNADI9IFIATI iumsnasavlunamniinas @ precision il
fieh HORRAT tfaeni 2 Fadulumunasiuasil Codex uaz EU fuuals uanandigeldinmsnaunums
muauaumwely (internal quality control) tipamuiulaluwemsiiansidiagann batch Tasay
MMINAFaU method blank, matrix blank, duplication w8z spiked sample fisziu 0.005 Hadniuaa
Alansu muAN %recovery Waglugie 60 - 1209 1agnsm control chart &WMSUNTININATTINLDIENS
weiadidl ¥ dasn 0.995 asnniiumsvh matrix-matched calibration curve 3erhlwanaiianu
wUsiuandunaumsana zimaslﬁ'mmqﬂLﬁﬂqmulﬂ'«amnﬁmﬁumq Lﬁaﬁmsmwﬁqmmaumqaumawm
danalindusu Tasldinaminmsmuinmn standard deviation Feananwlauduauilivinzas
asiaani 2 whaes predicted Horwitz’s RSDr® Taaeenwliwiveuiinisszdiuanmsenn whiu
46.9% arueanylaniuauzens (k = 2) 2o 5Nnurasn Ny llwiuauee 9 SrSumsiesed CBD way
A9-THC Heuhiu 12.2% uay 13.4% enuaeu aeileniasniinasisuuayszany -4 wh dieen
§ims¥ calibration curve WUy matrix-matched calibration curve Fufumsi umsmm,@mﬁ' AMNLTNTU
£euens 9 a1y matrix blank ANy lndiAseT UM ez MsERAMNTUABUM IR LGN
e JudunmsawenansenunnanEaeaInee (matrix effect) u,amfmLwamigtymﬂwmmsﬁau%
fonadeiulusuaaumsate lvmmnsaaamenyliviveunnuvasanaliuivauianan recovery
adle iy fenuliuivauanenudsuuuaindase (bias) uaﬂmﬂfrmﬂﬁaﬂ%’awmmgmuaz
wdasifafiienanuliuiveutias ffuarnlimnanulivivausadsaadldiuiy gamei iasmnniedasia
{u matrix fiflanuwanwane ﬂﬁﬁﬂﬂﬂssqnm&l"ﬁﬁuLﬂéaqﬁuwﬁmﬁu ) 19MITNMINATDU working range nau
Fafidazaiiiumadaluluaiag

asu
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WBiensiinaniuninsaldanamanguuauiniuesdluhuswinldnmue ¢ oia ldud
As-THC, A9-THC, THCA, THCV, CBD uaz CBN laznaila LC-MS/MS fluidfifanssous
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The Development and Validation of
Analysis Method for Cannabinoids in
Coconut Juice using LC-MS/MS

Sakulrat Somsuntisuk Atcharee Inkaew Saovanee Wajasit Suwimol Muadmah

Kanyarat Chuakunchat Witthawat Wangkaewhiran and Thongsuk Payanan

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

ABSTRACT Cannabis and hemp have been classified as narcotics of category V, but some parts of them
are recently allowed to be used legally. Consequently, foods and beverages containing hemp or cannabis
have been in the limelight among food producers and consumers due to their active substances called
cannabinoids, which consist of both psychotropic and non-psychotropic compounds. The main metabolites,
CBD and A9-THC, can provide effects of relaxing, relieving worries and improving sleep. However, the
overconsumption of cannabis and hemp products can cause adverse effects, such as drowsiness, headache,
fast heart rate and possibly severe symptoms, such as hallucination and an uncontrollable body.
Therefore, the regulation of cannabinoids in foods and beverages is very important for protecting
consumer’s health. The Bureau of Quality and Safety of Food has developed and validated method for
analyzing 6 derivatives of cannabinoid group which are As-THC, A9-THC, THCA, THCV, CBD and CBN
in coconut juice. The extraction method was relied on liquid-liquid extraction and cleaning-up with SPE
HLB cartridge. For the analysis technique, LC-MS/MS was employed to determine the type and
quantify the amount of cannabinoids in beverages. As a result, this method had the limit of detection
(LOD) at 2 ug/kg and the limit of quantitation (LOQ) at 3 pg/kg. The linearity of working range remained
at 3 - 50 ugs/kg, and the method could provide a correlation coefficient between 0.9921 - 0.9985.
The accuracy was demonstrated by percentage of mean recovery which was in the range of 91.16 - 113.37%.
Finally, the precision of the method was proven by percent relative standard deviation (%»RSD) which
was approximately 2.65 - 15.00%. In conclusion, this developed method is reliable and suitable for

analyzing cannabinoids in flavored beverages.

Keyword: Cannabis, Hemp, Cannabinoids, LC-MS/MS, Coconut juice
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