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Abstract: Objective To establish a quantitative analysis method for six cannabinoids in hemp based on ultra-performance liquid
chromatography coupled to triple-quadrupole tandem mass spectrometer (UPLC-QQQ-MS/MS) technology, and use this method to
study the content of cannabinoids in three different parts (female flowers, bracts, and leaves) of cannabis plants in nine international
mainstream hemp. It lays a foundation for the rational and legal development and utilization of medicinal cannabis, the selection of
commercial varieties and the breeding of varieties with high cannabidiol (CBD) content and low tetrahydrocannabinol (THC) content

in accordance with Chinese laws and regulations. Methods The chromatographic separation was performed on an Agilent
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Eclipse Plus Cis column (50 mm x2.1 mm, 1.8 um) with a gradient elution, the mobile phase was 0.1% formic acid aqueous
solution (A)-methanol (B), and the flow rate was set at 0.3 mL/min; Multiple reaction monitoring (MRM) mode was used
for the quantitative analysis of six cannabinoids in hemps. Results Taking six CBD, THC, cannabigerol (CBQG),
cannabidiolic acid (CBDA), cannabigerolic acid (CBGA), and tetrahydrocannabinolic acid (THCA ) in hemp as the research
object, a quantitative method based on UPLC-QQQ-MS/MS was developed. The method verification results showed that the
six cannabinoids had good linearity, with R’ ranging from 0.9991 to 1.000, accuracy ranging from 0.29% to 2.80%,
precision ranging from 0.84% to 2.74%, and the sample recovery rate was 99.36% to 102.88%. The sample analysis results
showed that the content of six cannabinoids in flowers and bracts was significantly higher than that in leaves, and the
distribution of six cannabinoids in different varieties of cannabis in flowers, bracts and leaves was specific. Conclusion
The quantitative analysis method established by UPLC-QQQ-MS/MS has high sensitivity, good accuracy and simple
method, which is suitable for the determination of cannabinoids in hemp.

Key words: UPLC-QQQ-MS/MS; hemp; cannabidiol; cannabigerol; tetrahydrocannabinol; cannabidiolic acid; cannabigerolic acid,

tetrahydrocannabinolic acid
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Table 1 Mass spectrometry information of six
cannabinoids

&Y BT B atmz) BREEE/NV REEReV
CBD  IEHT  315.2/193.0 116 25

CBG  IEHT 317.2/193.0 92 13

THC EHT 315.2/123.0 128 37
CBDA fi&ETF  357.2/339.2 146 17
CBGA fi&ET  359.2/341.2 152 21
THCA fi&ETF  357.2/313.2 188 25

2.3 HmETEGARK

2.3.1  PREUAFIRERE  #EFIFREL 0.1 g BERE)S R
Fedh (M RBRAE. B WD) AT 6 4, MKIkS
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AV RBRAERE S, AT 563, 200N 10 mL R0
A G “2.3.17 BUR s RIEs), miRS a5
WIFE4 °C, JCE 0 2+ 4+ 8. 12h. #BFSHEEL 30 min,
12 000 r/min Z50> 5 min B3, 3 0.25 um FIFLIE
JB5, FH 95% HEERRE 200 %, % “2.17 1 “227 TR
TR, 103 6 Pl a3 A RIS A SAE o
233 FEMTRITEMES “23.17 TR o4
FEFEHERE RS, A 60 CIl XUERE T
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(0.312 5 pg/mL). CBGA (0.039 1 pg/mL). THCA
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Table 2 Results of linear relationship of six compounds

wEY  SdERIATTRE AEEE/(ngml) R

CBD Y=2X10"X+1353.8 0.60~19.50  0.999 8
CBG Y=7X10"X+22154 0.60~19.50  1.0000
THC Y=1X10"X—371 0.60~19.50  0.999 8
CBDA Y=8Xx10° X80 786 9.80~312.5 09991
CBGA Y=5X107 X124 683 1.20~39.1 0.999 5
THCA Y=2X107X+93 053 3.70~1172 09998

FU RSD fH . 255 RSD {H1E 0.53%~2.74%.
253 EEMHRAE WE-#REES 6, 1R
“2.427 TUR Tk 4, % “217 M “227 TURTT
I BEAT 24 H AR i 2k o G0 SR 04 T AR ) S A
MR PR AR AE 22 T 5 6 Flvbl il pse o3 1 2 & 1) RSD 1A,
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REEW, £ 4 CHE 0. 2. 4. 6. 8. 12, 24 h
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TG 4% “2.17 €227 TR EDE A0SR AR .
MRS EENSNEE, MRAKE, RIEmAZET
WY o =10 i = 79 T e e A G S @ Sy
99.91%~101.00%, RSD A 0.22%~1.61%; HJfiEik
FES A PR A 99.64%~101.21%, RSD N
0.38% ~1.21%; IR 8k BE 25 e 7 V- 25 Rl IS 22 Oy
99.36%~102.88%, RSD N 0.22%~3.65%.
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Fig. 1 MRM chromatogram of reference substance (A) and test solution (B)
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CBD. CBG. THC. CBDA 7EAIN FHERAS $REURCR

300 RREGAAPEEEER & “23.17 WURIRENA . BRI 95% ) FRF TR EUE .
A %10 32X10% R 50%FH IE
£ 16x106 =75‘5’$%%
X 10° > L 95% .
g 4x10 £ c III bed MOS%HIEE +0.01%H R
= K 4% 104 [ | cadb --i- -95%33@ +0.1%H R
= 8x10° 5 410 W O5% HIEE +0.5% i
g
2 4xio0 = 2x10*
0 0
CBDA  CBGA  THCA
0Oh
B m2h
6.4%107 b P Wih
o - Mgh
2 3.2X107 II edbcd Wi2h
= eabcd eabced ¢ eabced
E:é 1><105 — ab .. = =1 ]
(5 cd
& 5X10%
0
THC  CBDA CBGA  THCA
C (v W mee
6X 106 i ba E AT
1 6 pa :
= 3X10 : ;o a
& koo II.-..- e Ilkﬁﬂ N T
: s é
= : |
¥ : =

<
J
T
&=
A-NFHRIEF IR RFRIEEE B-RIGI  RRRRIRIE  CANFETHI RN TR OURR &, ARFREORZ 723, P<0.05

A-Effects of different extraction solvents on the extraction efficiency of cannabinoids B-Effect of soaking time on the extraction efficiency of cannabinoids

C-Effects of different drying methods on the content of cannabinoids in hemp, different letters means P < 0.05
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Fig. 2 Results of pretreatment method investigation
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FE 5 NI B BT R i 2E S B 7 R R RN ]
YRR ACER e, SR ER, U4 C
JE 2 h i, CBD. CBG. THC. CBDA #il CBGA
BRI e, U1E 4 CHE 4 h i, THCA
PR R e . L, ZRE% 8, FEMIRIER
(I 4% 2 ho

313 FEMTEEERER 1% “2337 UM
EXTFE T ROTIEAT B S, S5 R WA 2-C. AHXT

TG, RAMTER, CBD. CBG fil THC
(&R, TTRE R TR T m A R P KRR 2
FRAE AR R ER, DR A 0 R FH AV T Jk ik 3t
1T J
32 H@EBRENE

HUARMIRE S, 0.1 g, 1208 “2.4.27 TN ikl &
B RVER, 1% “2.17 A “2.27 TR J5ENE . it
1T 3 AT SESS, dskIgmmA, MRk AT AnvE th 2k
THEAAER IR & iR B, 42 kAR
HE R EE. SRILE 3.

®3 KWL, BRHAMS 6 HMAMRELRS SENELER

Table 3 Determination results of six cannabinoids in flowers, bracts, and leaves of hemp

RS (ug g

FESAL WS
CBD CBG THC CBDA CBGA THCA

1 Cs001 5493.1+19.7  20823+84  729.0+108 52595442012  7846.7+334 19953+26.9
Cs002  704.6+6.8 233.5+1.6  114.6+43  27466.0+1513  3877.9+4.1 989.5+8.4
Cs003  875.3%+9.6 2275419 1592420 27866.0+189.8  2533.4+239 1041.5+16.6
Cs004 14024+17.4 405.6+3.1 2317413  409048+3524  6384.1+512 1933.0+36.7
Cs005 1372.9+5.6 1733+1.4 2144465 29972042132  17783+174 1082.6%9.6
Cs006  918.2+9.5 2741409 1338403  34084.1+2240 23334483  1319.84256
Cs007 327244242  11343£162 464.1£154 52565.1£493  8288.0+37.7 2217.0+38.3
Cs008  2226.6+15.2 4293409 2703495 747883+10492 2563.1+157 3
Cs009 2471.1+17.6 3080450  3209+1.1 81614.0+3448 3080.1+£158 489424382

i i Cs001  2232.0+9.5 1941440  273.5+34  16301.24+2436 859.1+8.0 372.142.9
Cs002 1023.9+8.0 2823404 1941426 27432343484  7237.0+69.3  893.8+6.3
Cs003  875.5+13.0 785402 1531423  22323.0+2167  10343+9.4 828.4434.1
Cs004 1717.9+10.9 361.6+1.8  305.2+16.8 49999.5+809.4  6261.1+38.7 2568.6+98.9
Cs005 184624243 570404  187.9+12 16024.5+222.4 547342.0 475.1+13.8
Cs006  787.8+7.1 648+12  1203+0.6 23370.4+33.1 407.2+3.8 843.5+8.7
Cs007 143824123 3004425  221.5+13.9 322963+301.7  3528.0+43.6 120724388
Cs008 1021.3+3.7 26634+3.1  153.4+59  60679.8+376.8 21274480 4
Cs009  2499.9+4.0 2542417  3169+11.8 56613.644929 25798+14 23341467

i Cs001  781.7+5.5 19.140.3 90.6+0.7  6305.54+2359.0 8.6%0.6 235.940.9
Cs002  527.4+25 79.04£0.8 703412  12080.7454.0 3382416 869.34149
Cs003  842.1%+1.9 10.240.1 96.6+1.0  55260+58.7 143402 229.2+4.7
Cs004  530.8+13 12.540.1 731407  8391.0+114 27.6+0.1 4547439
Cs005 1174.5+6.4 3.640.1 962409  3346.0+3.6 122403 92.240.2
Cs006  446.4+6.2 29.940.4 545401  10541.9453.9 9.340.2 7643+11.5
Cs007 1113.0+7.9 118.0+1.6 1458409  10745.7+169.1 8744+11.1  583.0+9.2
Cs008  350.0+15.8 45.7+2.1 527412 1248.14+6.6 99.1+3.8 788.9+12.7
Cs009  522.8+4.4 68.8+1.2 644407 11375543786  286.0+0.3 627.8+4.7
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Fig. 3 Comparison of cannabinoid content in different parts (A) and comparison of total CBD content of different varieties (B)
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Table 4 Correlation analysis of six cannabinoids

7

EEL
CBG CBD THC CBGA CBDA THCA
CBG 1.000
CBD 0.721* 1.000
THC 0.794* 0.988** 1.000
CBGA 0.782* 0.648" 0.685" 1.000
CBDA 0.745* 0.515* 0.588" 0.939" 1.000
THCA 0.624* 0.297 0.370 0.867" 0.952** 1.000
*P<0.05 'P<<0.01
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I, ZIRER IS CBD M1 THC iX 2 ML, {H CBD
TEBFXN 315.2/193.0 B BAAE & 315.2/123.0
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