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Abstract: A novel method was developed for the simultaneous determination of eight cannabi-

noids in six types of food matrices, including chocolate, fondant, biscuit, beverage, cookie
and baijiu, using ultra performance liquid chromatography-tandem mass spectrometry ( UPLC-
MS/MS). The sample extraction and cleanup steps were optimized, and various purification
methods were investigated to remove the oil matrix and glue in chocolate and fudge, respec-
tively. Enhanced matrix removal-lipid adsorbent ( EMR-Lipid) provided efficient, selective
cleanup of the evaluated matrices. The sample was extracted using acetonitrile, followed by
EMR-Lipid cleanup, and then dried using anhydrous sodium sulfate. The acetonitrile layer was
concentrated by nitrogen to near-dry after 100 wL 10% glycerol in methanol was added to im-
prove the recovery by reducing loss during concentration under the stream of nitrogen gas.
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Eight cannabinoids were separated using a Waters ACQUITY UPLC BEH Shield RP18 column
(100 mmx3.0 mm, 1.7 pm). The responses of the cannabinoids in the positive and negative
ionization modes were investigated and optimized, and the responses were superior in the nega-
tive ion mode compared to those in the positive ion mode. MS detection was performed in the
multi-reaction monitoring (MRM) mode using an electrospray source in the negative ion mode.
The cannabinoids were quantified using an external standard with matrix calibration curves to
reduce the influences of the matrix effects on the quantitative results. The developed method
was verified, and the conditions of sample pretreatment were also optimized. The calibration
curves of tetrahydrocannabinol, cannabidivarin, tetrahydrocannabivarin, and cannabigerol and
those of cannabidiol, cannabinol, cannabidiolic acid, and tetrahydrocannabinolic acid exhibited
good linearities, with 7>0. 995, in the ranges of 2-200 and 0. 4-40 ng/mL, respectively. The re-
spective limits of detection (LODs, S/N=3) and quantification (LOQs, S/N=10) of tetrahy-
drocannabinol, cannabidivarin, tetrahydrocannabivarin, and cannabigerol were 4 and 10
wg/kg, and those of cannabidiol, cannabinol, cannabidiolic acid, and tetrahydrocannabinolic
acid were 0.8 and 2 png/kg. The average recoveries of the cannabinoids were 82. 0% —114. 9%
under three spiked levels with corresponding relative standard deviations ( RSDs) of <15% (n=
6). EMR-Lipid provided efficient, selective cleanups of food matrices with good accuracy. The
method is sensitive, rapid, accurate, simple to execute, and it is suitable for the determination
of cannabinol compounds in typical food matrices.

Key words: ultra performance liquid chromatography-tandem mass spectrometry ( UPLC-MS/
MS) ; enhanced matrix removal-lipid cleaning adsorbent ( EMR-Lipid) ; cannabinoids; foods
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Fig. 1 Structure information of the eight cannabinoids
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EX /A #], Bl &% LC-30AD) ; MS3 digital ¥ e 45
P (EE IKA A H]) ; FB15065 #75 % ve#s . X3R
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THC .CBD ,CBN ,CBDA ,CBDV . THCA-A , TH-
CB.CBG FRifE# R (100 mg/L) 0 [ K H R /K 8
BHEARAH

e 7 ORE DT OB RE AL I S B B
A
1.2 SLIO&H
1.2.1 A5 o 75 BN B )

TRAPRAET IV « 43 51PKS %5 % . CBD ,CBN ,CB-
DA THCA-A Hr#EVE# 4% 0.2 mL, THC .CBDV TH-
CB.CBG FrifEiAW 4 1 mL, & T[6— 10 mL &8
NG 2 2B Z1 B IR S, i TR B Fs HE i A8 W
(CBD,CBN ,CBDA , THCA-A JFi# ¥}y 2 mg/L,
THC .CBDV , THCB ,CBG i E 4 10 mg/L) ,

PRifE R0 TAE W . F 28 VRS TV OB IR & b
T ) B BT B Mk BE 4 1 0.4.01.,2.4,10,
20 .40 pg/L ) CBD ,CBN ,CBDA  THCA-A % %#5
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TEVR e Wk B 4 99 R 2.5.10,20,50 100,200
pg/L i) THC ,CBDV . THCB ,CBG FRARHER K .
122 #mara =

FREC1 g(RERAZ 0. 01 g) CIRAIFES T 50 mL
HIEEBLEF A 10 mL 2, iR A 30s, #
FRE 15 min, 4 CFLL 10 000 r/min &[> 5 min,
YOG EBA S — ks h ARk, EMR-Lipid
B FIFTSEH 3 mL K& 1L, A B FHE W,
WHEIR A 2 min, 7€ 4 C F LA 8000 r/min & .L> 5
min, FIFRBEACRER | g @AM 1 g TLKER
FIRESC A T, RIETR A 2 min, 4 T FLL 10 000
r/min .0 5 min, FEH W S mL 552 FRWRE
o RS BN 100 L 10% PN = 1 F SV, T 40
CRAMSE 2T K% A EE 1 mL, i€ 30 s,
#5 1 min, 33 0. 22 wm JEAR, FFE

1.2.3 HPLC-MS/MS # Il 4 44

4,43 ¥+ . Waters ACQUITY UPLC BEH Shield
RP18 f4i% 4% (100 mmx3.0 mm, 1.7 pm) ; Ji 3)
;A R 10 mmol/L ZFRE AW, B N H g, 6 1E
VEMIFREJF.0~9.0 min, 65% B~100%B; 9.0~9. 1
min, 100% B~65%B; 9.1~12.0 min, 65% B, #£
1230 C ;i 0. 3 mL/min; #AEE .5 ul,

B A i L R B AR X (BST )
Fig 4 7 20, 2 KON I (MRM) 5 A R
(CUR) : 55 KPa; fiff# "<k /) (CAD) : 35 kPa;Hi%5
LR (IS) . -4 500 V; &I (TEM) . 500 C;
ZAL S E J3 (GS1) ;207 kPa; i B in #%5% J)
(GS2) : 207 KPa; S AHLJE(EP) ; 10 V; filf i %= 5
HUE(CXP) : 11 V., HA BTG S4, e & 5 Pk
B AR (DP) KAl RER (CE) WL 1,
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Table 1 Main MS parameters of the eight cannabinoids

Compound | recwrsor - Product DP/V CE/eV || Compound L recwser  Product DP/V CE/eV
ion (m/z) ion (m/z) ion (m/z) ion (m/z)

THC 313.0 245.0" -142 -34 CBDV 285.0 217.2*° -100 -38
191.0 -37 106.9 -38

CBD 313.1 245.1°% =100 -32 THCA-A 357.0 313.2° -100 -38
179.0 =27 245.1 -40

CBN 309.1 279.1° -150 -40 THCB 284.9 217.1° =100 -36
222.0 -60 163.0 -34

CBDA 357.1 339.3* -5 -36 CBG 315.1 135.9" -121 -38
245.1 -38 190.9 -34

DP. declustering potential; CE: collision energy; * quantitative ion.
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MG AL AP 0 25K R B STk AR ") i 9T
/e %% T Waters ACQUITY UPLC BEH C18( 100
mmXx2. 1 mm, 1.7 pm) ,Thermo ACE Excel C18
(75 mmx2.1 mm, 1.8 um) ,Agilent Eclipse Plus
C18( 100 mmx2.1 mm, 1.8 pm) , Agilent XDB
CI18(150 mmx3.0 mm, 1.8 pm ), Phenomenex
Kinetex F5 (50 mmx3.0 mm, 2.6 pm) , Waters
AQ C18 (100 mmx2.1 mm, 1.7 pm) % @5,
MR A5 R R W, fELL I 6 Fh 3% 4 b THCB, CB-
DV .CBD } THC THCA-A CBN ¥#i#Esr g5, &
1 FWE, Waters ACQUITY UPLC BEH Shield RP18
A (100 mmx3. 0 mm, 1.7 wm) 7684 AT
A T ZFEWP LB, 7T DLSGEiE:  B2s iR

LRI YU TE S i 1B, PR A BE T
B C18, HhE & M2 b B Wi /A, PRt f
K I, % H] Waters ACQUITY UPLC BEH Shield
RP18 (il , 8 Fh KRR Ak & W 0T 34, 43
BRI REE( WA 2) , IR 2% £ Waters ACQU-
ITY UPLC BEH Shield RP18 (% F: #5475 45 i 52
LR S W R AT I

AMWFTEIBX I S AL T T8 %8, iR T
W B ZIEVE A LA, 0. 1% H R .10 mmol/L Z,
FREL VA .10 mmol/L Z FREZ VAR (7 0. 1% H iR )
YERAKAR GO o Foe 28 2 T 2 A A 28 )l oy FHY B
10 mmol/L Z MRV .
2.1.2 #EUEFIHEE

RIRBEIAL B YMEE TR IE T ZFMAEDIER,
EMR-Lipid 54k 5 #4578 FH 20 35035 3 iR A 4 B
T AN AR 55 7K AN LI A 1 700 LA B B2 4
SR AS IO AR I X, DAL & 21
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Fig. 2 Total ion chromatogram of the eight cannabinoids
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Fig. 3 Effects of different purification ways on the
recoveries of the eight cannabinoids
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il

55 1

5 TR R IO 2 R
I £ it h 8 PRI R R G )

455 B R SRR G- AR R B

. 431 -

FIRZELRAG W RIBOR, 25 R LK 4, 251 %W,
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PSP W AT RE Y 8 e 15 5 0 v KRR R 2R AL B W iy
WK, HAR IR A 10% 7§ = s B B v (i 8 b
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AR ER TR, DMSO B8 7 A K i
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Fig. 4 Recoveries of the eight cannabinoids with
different nitrogen blow ways (n=3)
D adding 100 wL 10% glycerol in methanol before nitrogen
blowing; @: adding 100 L dimethyl sulfoxide (DMSO) before
nitrogen blowing; @ direct nitrogen blowing.
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PR (o, ng/L)FER, 2 lbnEih 2, Ifi1 5
BAFI LN 1] U5 T 7 B HAH C R4k, S5 R 3R,
CBD .CBN ,CBDA , THCA-A 7£ 0.4 ~40 pg/L {5 [#
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I ,8 P RIRE RIS IR R R A IR E
(r)¥7E 0.995 L) |,
232 REREEER

SR 23 U BT A I 28 G e 1 Oy =Ntk A A
FR(LOD) FIiE H MR (LOQ) UM, # 1. 2. 2 T 17
PSR 1. 2.3 WA AT RN, AR RS
G R 5 I i {5 I L (S/N) = 3 F1 S/N =
10 BFXF 7 () bR 7K S8 a8 LOD 1 LOQ, Fe 444t 1
THC .CBDV . THCB ,CBG ¥ H RN 4 ng/kg,
ERFRYIHR 10 pg/kg, CBD .CBN .CBDA THCA-A
AR R 0.8 wg/kg, ERFRYI N 2 ng/kg,
233 EREFEEE

FERRATIR I AN SRR R 1 5 ) ok F
T PORE BE A FTAE 6 Fhas FRE S HET T AR [l e
% ,CBD .CBN ,CBDA , THCA-A fill#5 /K43 514 2.
5.20 pg/kg, THC,CBDV  THCB CBG il /K F 4%
4 10,25 100 wg/ kg, 25 KFEHIRE 6 1y, 585158
HERA ARG B 25 R W3 3, 2R, 8 R KRR R
EALE W H L ISRy 82. 0% ~ 114. 9% , AH AR e
2% (RSD, n=6) 4 1.2% ~ 12. 3% , J7 HE L8 & AUk
B RO e AT R

K2 SWMAMELLSYE 6 MERFHERIYN

Table 2 Matrix effects of the eight cannabinoids in six matrices

%

Compound Chocolate Fondant Biscuit Beverage Cookie Baijiu
THC 16.6 31.8 7.5 37.9 25.0 69.6
CBD 34.5 75.8 22.5 60.6 54.4 75.3
CBN 64.7 58.9 18.6 60.8 43.3 78.1
CBDA 111.9 39.4 74.3 34.7 48.9 75.8
CBDV 77.3 68.5 89.1 59.0 75.9 80.4
THCA-A 85.9 31.5 71.0 28.5 62.8 77.6
THCB 136.9 50.4 16.4 50.8 39.7 72.8
CBG 19.5 57.1 17.8 54.7 43.5 69.4
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Table 3 Spiked recoveries and RSDs of the eight cannabinoids (n=6)
. Chocolate Fondant Biscuit Beverage Cookie Baijiu
No. Compound (Silgl;idg/) Recovery/ RSD/ Recovery/ RSD/ Recovery/ RSD/ Recovery/ RSD/ Recovery/ RSD/ Recovery/ RSD/

% % % % % % % % % % % %
1 THC 10 104.6 33 89.5 9.8 94.8 4.8 84.2 10.8 100.4 2.9 83.2 9.8
25 99.4 2.1 82.3 5.1 89.8 3.6 89.3 5.8 99.2 1.7 90.4 5.6
100 104.6 4.3 87.2 3.9 100.1 3.2 95.2 3.6 94.9 5.9 92.4 2.5
2 CBD 2 106.0 9.1 88.1 10.3 98.8 5.4 86.4 1.6 100.8 3.2 88.6 5.8
5 104.1 2.6 85.4 5.2 89.8 5.9 86.0 4.5 94.7 6.1 88.9 5.3
20 114.9 6.1 86.5 6.4 88.7 5.3 94.2 5.0 96.6 8.6 95.2 2.1
3 CBN 2 100.8 9.2 91.1 8.7 93.1 5.0 85.3 8.1 88.4 9.9 90.3 6.1
5 96.8 8.1 88.2 8.1 96.4 4.4 89.4 5.5 91.5 3.1 95.1 2.6
20 90.0 6.7 92.9 6.0 103.3 3.8 89.0 4.8 88.6 5.0 92.6 4.3
4 CBDA 2 106.1 3.4 89.7 5.9 90.4 10.0 98.3 4.2 92.9 6.5 95.8 2.8
5 102.9 8.9 84.0 9.5 95.6 8.8 107.8 1.7 96.5 4.3 98.7 1.8
20 89.8 6.7 86.7 4.7 89.0 7.0 106.7 8.0 88.3 3.8 100.2 3.6
5 CBDV 10 94.9 5.1 88.1 7.6 86.3 3.4 89.1 3.4 92.0 123 92.1 1.9
25 82.0 5.9 87.3 6.2 83.1 1.5 88.1 9.5 96.0 2.6 94.6 5.8
100 95.0 7.0 85.4 33 89.5 3.8 91.1 3.9 96.1 2.8 92.5 1.7
6 THCA-A 2 102.5 5.5 87.5 9.4 92.4 8.8 86.1 6.7 94.6 8.8 89.5 6.9
5 103.3  11.1 85.3 6.1 92.3 7.5 89.3 7.5 92.3 7.5 93.2 4.1
20 103.1 9.0 86.7 6.3 87.2 4.3 92.7 5.5 87.2 4.3 96.4 5.3
7 THCB 10 100.4 3.4 88.8 8.1 97.3 1.2 100.2 3.0 97.3 2.2 99.2 8.1
25 100.8 2.1 85.0 3.1 95.2 4.4 91.4 9.1 95.2 4.4 95.7 9.7
100 101.4 2.6 83.9 5.7 90.3 8.7 95.4 4.0 90.3 8.7 99.6 1.6
8 CBG 10 107.2 5.8 89.4 8.7 101.0 6.8 91.4 2.4 101.0 6.8 91.7 2.5
25 95.9 4.2 88.9 7.5 99.4 3.6 89.5 5.2 99.4 3.6 92.3 3.5
100 102.8 2.3 90.4 7.0 96.4 2.9 97.4 4.4 96.4 2.9 99.7 1.9
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