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WE:BHN &5 R el 24 PARE LG L8R A B4 269 QuEChERS / A48 &34 — i3 (QUEChERS / GC - MS) %k . ik #
BRAARCERR, 2 N- AL T\ RAFRAESRIR 6 IR LR ER WAL EiEAEA HP -5 MS & &34
(30m x 0.25mm,0.25 pm) , 2 AFFiE,mikH 1.0 mL/ min, 5 R, 2RI A 201, 8 FEEB TR, AFEEN LB EX,
EEHIEEF RS 95,3 QUECKhERS / GC - MS A= A48 & 3% — & KW & T 1L % (GC - FID) 4 F 5 45 R eyt xt4a £
M8, % 8ok ey T EER ARG K . BRI B 69 2 R 2 A1 4 50 ~2 000 pg / mL.5 ~200 pg/ mL, 100 ~5 000 pg/ mL 72
HASE@mAREERZRIF(R2>0.997,n=6) ;R FR3 H 0.005 mg/ kg, £ FFI A 0.015 mg/ kg; ¥ 5 & A2 T LRI
RSD 3% F 3. 0%;50% , 100%,200% 7K F & he A @i % 4 93.37% ~ 105. 37% ,RSD 4 1. 38% ~ 2. 85%(n = 6) ,QuEChERS / GC — MS
An GC — FID 3l 2 A% Kl | L8R s B A w9 A st A8 ZAL A0 A 4. 76% ,4. 64%,3. 67% 5518 &7 23 E M@ IHEH £
FoAF R R, TR T A= P AR A | TER AR B A A 2
X8R :QUEChERS / AABE 3% — i s A= ; LoR R Bs 5 FE 0 5 RE 5 22 )
Simultaneous Determination of Camphor,Borneol and Bornyl Acetate in Amomi Fructus by

QuEChERS / GC - MS
WU Xuejin' ,HAN Shuangyan',LIU Chunhua',WANG Mingyue' ,ZHANG Zhenshan',LI Bei’
(1. Analysis and Testing Center,Chinese Academy of Tropical Agricultural Sciences + Key Laboratory of Quality and Safety Control for Subtropical

Fruit and Vegetable ,Ministry of Agriculture and Rural Affairs + Hainan Provincial Key Laboratory of Quality and Safety for Tropical Fruit and Vege-
table Products ,Haikou,Hainan ,China  571101; 2. Hainan Inspection and Testing Research Institute - National Key Laboratory of Market Regulation
< Quality and Safety of Tropical Fruits and Vegetables >,Haikou,Hainan,China 570311)

Abstract: Objective To establish a QuEChERS / gas chromatography — mass spectrometry (GC — MS) method for simultaneous
determination of camphor, borneol and bornyl acetate in Amomi Fructus. Methods The sample was extracted with anhydrous
ethanol and purified by a mixed sorbent of primary secondary amine (PSA),octadecylsilane bonded silica gel (C18), graphitized
carbon black (GCB) and magnesium sulfate (MgSO,). The chromatographic column was HP — 5 MS type chromatographic column
(30 m x 0.25 mm,0.25 pm) with programmed heating, the flow rate was 1.0 mL / min,the split injection was adopted with the
split ratio of 20 : 1, electron impact ion source was adopted with selected ion monitoring, full scan mode, and the quantitative
characteristic ion mass to charge ratio was 95. The relative difference of the content determined by the QuEChERS / GC - MS
method and the gas chromatography hydrogen flame ionization detector (GC — FID) method was compared,and the reliability of the
methods was evaluated. Results The linear ranges of camphor,borneol and bornyl acetate were 50 — 2 000 pwg / mL,5 - 200 pg / mL,
and 100 —= 5 000 pg / mL (R* > 0.997,n = 6),respectively. The limit of detection (LOD) was 0.005 mg / kg and the limit of
quantification (LOQ) was 0.015 mg / kg. The RSDs of precision, stability, and repeatability tests were all lower than 3.0%. The
recoveries of samples with 50%,100%,and 200% levels were in the range of 93.37% — 105.37% with RSD of 1.38% — 2.85% (n = 6).
The relative differences in the content of camphor,borneol,and bornyl acetate determined by the QuEChERS / GC — MS method and the
GC — FID method were 4.76%,4. 64%,and 3. 67%,respectively. Conclusion The method is simple and rapid,with good sensitivity,

accuracy,and precision,which can be used for the content determination of camphor,borneol,and bornyl acetate in Amomi Fructus.
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e 10 45 S B2 RO A AT 2 2 43I g KRR 2
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M 2 PF3E000  GC - FID 45 & {8 Bk 458 B3t 21 40 6 1%
KU GC - FID 454 8 B AR e 21 A8 61 25 7R 3 4
T PR (AR R BB REIS A - B (GC -
MS) 3k B AT e O B R, E 9T 2
TEIA 5058 550 HBAA GCIER = 73 Al
MS B 1 iy R AR, R E R S 2 S A
HIOA R H W F 25 505 53T . QUEChERS F iy
A B 5 o S — e 5 A ot A 3 B
FER SR KR P A 25 5% B AN () i A B, H Rl
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1% I i i 5 H4 A QUEChERS / GC - MS %  HARE I R .
1 UE5KHE
1.1 X8

7890B — 5977 A H 5 U B AT A €23 5 B AX
(25 [ Agilent 24 &) ) s ME 204TE %Y 8, 773 M1 K F (Gt +-
Mettler Toledo 2 7l , 45 )& >4 0. 000 1 ) ; MS 3basic Y
a4 5 #% (T8 IKA /2 7)) 5 Eppendorf 5415R % /N1
TREOHL AR E R E A RA R s LX) - 1A E O HL
(HF 2R 88T ) s TXW — 80A HU f 784 i Jirg v 44X
(VPP A3 TS T AR F]) 5SCQ — 1000B BUH A i
VML L0 75 2 P A BRA R L D% 1000 W, 4
%480 kHz) .
1.2 k%4

Jo i %oF BE S (HES-2k 110881 — 201709) , 4% ik % 17
i (4520 110747 = 202011) , 230 [ A B £ 5 25 5 kS
EWFIERE ; LR e Wi fiE (35 B A bR e o0 iS5 R
724596) ; £ P ({354l , 55 [E Fisher A 7] ) s N - N HE 4
TR (PSA) 7 ABAL B B (GCB) , /b e fik b i ik
K (C18,40 ~ 60 pm) , 0 [ L [E Agilent 23 F ; i FREE
(MgSO,, 73 Hr 2l | MM AL 2A A BR A FD ) 5 12 b bk
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i (G5 S1 - S12)0 A T~ 25 ) PU = g A 245 64 1T
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2 HiEEER

2.1 RE&EH

2.1.1 GC 414

3 FE : HP — 5 MSAE (30 m X 0. 25 mm, 0. 25 wm) ;
R THE T EAFE IR 60 °CL 4445 1. 0 min, A5, 0 °C / min
%R TF 2 150 °C, A% 45 1. 0 min, F-LL 30 °C / min 93
ZTF 280 °C, P-FF2. 0 min; LB THT(E] : 26. 33 min; 2k
AR (EEE > 99.999%) 5 i # : 1. 0 mL / min; #FFE
i 1O Ly BERE T 3 I RE , T e 201,

2.1.2 MS 4%

IR BT (ED B R 5 FEREE 70 eV;
BT IR 250 °Cs L2 TR 280 “C 5 DU AT L
150 “C;IEFNAEIR 4. 0 min; BEEEPE WM 2414545 L 58
— B 1A K 4.0~ 9.5 min, £ — BE 3 E] K
9.5~ 12. 0 min, 55 = BB EI N 12. 0 ~ 16. 0 min /0
A F R A e i R L T R ki R 1) O B B[] RRAE B 2
BUWFEL,

1 3 MUESYNRBRNESHESFSH
Tab.1 Retention time and characteristic ion parameters for

three components

ik TG B EEHIEDT RIS T
(min) — F#rk(m/z) 2%(%) KFkin/z) 22(%)
i 9.29 95 100 81/108/152 747/35/20
Jo b 9.85 95 100 67/110/139  8/20/10
LRl 13.04 95 100 108/121/136 18/38/27

2.2 AiEHE

3 AVHL 2 1R e i g e Fil R ARE i X B 50, 20,
2 mg KEEFRE B 10 mLAER, H O BEE %, Hil %
JE R 2351 4 5000, 2 000,200 g / mL TR A X I
VTR s BBOIR B 0T R RS 1, FH G BB B B s i 1)
Jo e 43 1) M 50,100, 200,500, 1 000,2 000 g/ mL,
o G %) Jo R B 4 1M 5,10, 20,50, 100, 200 g / mL,
< T e B Wi 14 5T 1 R B2 43 1) R 100, 200, 500, 1 000,
2 000,5 000 wg / mL 1) RN A% AT, & - 18 °C
UKAE RO B, A CR AN 30 d) .

B FEAI AR 1 g(id 3508 , K B FRE , B 50 mL
HEB LB R HINATCK B 25.0 mL O i &2
0.1 mL), %%, FRE B it , IR THE 1 min, 75 20 BE (D)0
350 W, 5% 53 kHz)20 min, il , FITC/K 20 BRM 2 U5
P B b BRAT, B0 (R 5 000 1/ min) 10 min, B HX
VR, BIAS A Y VRV R 2 R ICRE VR 1. 5 mLL,
B QuEChERS 73 Hi ¥ 4k 701 45 (2 Wz Bk v A6 B4 8L 50 mg
PSA .50 mg C18.7. 5 mg GCB.150 mg MgSO0,) , i i€ 1 min,
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B0 (B33 2410 000 v/ min) 5. 0 min, F— % PE 1 51 4%
W 1B W, 0. 22 wm A LIS MR, RPASAEa iAm i
2.3 FEEER

LM RRFE 2. 210 F BRIV A X IS A
R 2. 1 TR R IR A R R, DARRIAL A
B TH R (X, ng/ mL) AR FR IETEFL(Y) K
YABBRIEAT LM RN o 25 5 L3R 2, IRl R ik L 2
1% e Fiki 15 %) o o v B 43 1 7E 50 ~ 2 000 wg / mL. 5 ~
200 pg/ mL.100 ~ 5 000 wg / mL i [ P 5 06 i AL LR 1
KARH(R2>0.997,n=6).

o 0 PR 5 R R < AE TOOK SRR RN 2. 2 R
TRAA X IR, B RS 4% 2. 1 TN 50 25 AR kA
DE , LA 3AE(E MR L (S /7 V) B S (B A A BR , L 10 4%
S /N (e AR A A PR L 5 SR LR 2,

2 AUERERSHRNRNEERBELESR
Tab.2 Results of the liner relation test, LOD and LOQ
GERE  BAR RIR

b B # R
(pg/ml)  (mg/kg) (mg/ke)
Bl Y=5.05x10°X+6.98x 10  0.998 50~2000  0.005 0.015
folii Y=1.24%10°K-9.66% 100 0.999  5~200 0.005 0.015
LBAME  Y=4.93%10°X+1.096x10°  0.997 100~5000  0.005 0.015

W 2% B 2. 2 30T YR A % I T U (T R Uk
FEM10.0 g / mL) 3 &, #2 2. 170 N3850 4 A RE I 1
6 U, I S I TR 45 SR TET AR Y RSD R 2. 34%(n = 6) ,
WG % B R AT

R PR 0 < OB i 38 o, 942 2. 2 300 )y vk il & it
IR, #2 2. 1300 R RIS A Tl )5 0,1,2,4,
8,16,24 h AR A , 10 SR 06 AT . 25 SR W TR BR ) RSD
R 2.62% (n = 7) , F WAL W 2= IR ICE 24 h INFR
TEME R

A MRS « OB A 45 2. 2 3 T Oy iR At
IRV, AT 64y, He 2. 130 R I & kR | 0 0
TR, AR o 5 S RF S R G L TR i L 2 T e i i
B & 43 9 8 0.373,5.22, 11. 1 mg/ g, RSD 43 % N
1.31%,1. 46%,2.30%(n = 6) , /R LR E MR-

TR [« BURE i 1 g CRS B 2.0, 01 g) , 43 3%
50% , 100% , 200% 1 L6 78 08 Bk A 1l . 282 e ik 7
XA, £ 60, 44 2. 2 00T Jy vk ol 5 S A R
2. VIR 1S SR A R A i s i T A, O AR [l i
B LE SR R K L 2T e B 1R ST XA R [l il
A 100. 16%, 99. 02%, 101. 16%, RSD 43 %l 7 1. 58%,
2.44%,2.33%(n = 6) , W 5 L ERR B R AF
2.4 HMEENE

B LOHERM A& (45 R S1 - S10) , 4% 2. 210 Ny
Tl PR VU, 45 2. 1 T R0 A 1 R R R L

HMPRIETH RS i CHOREE A T SRR e A R A e A
AR UR 22 5 AN [ HE URE it v 2T e i T 95 Al i 1) 2%
AR 22 SR, PTRE S M AY AR R BREE (T - 48 Uk
YRLEE ) SR WSS TR] DY 5806 A RN ] S5 AR G o PR L3R 3
x3 WCHEAPIMUEYWRIENESER (ng/g)
Tab.3 Results of the content determination of three components

in Amomi Fructus (mg / g)
%% AR BE  CRARE | 5% AR BE  LBARS
S1 0.375 5.22 11. 10 S6 0.216  4.89 9.06
2 0.339 4.34 10. 50 S7 0.297 4.12 5.27
S30.233 5.21 7.10 S8 0.272  3.78 5.64
S40.276  5.96 7.70 S9 0.283  3.52 6.45
S5 0.328  4.68 8.98 SI0 0.240 3.24 3.21
2.5 FHEAEMER
}1 % 8¢ QUEChERS / GC — MS ¥ (9 7] S 1, 2 18
2020 4F fi L 24 i (PO &R ) ) ad i) 0521, 5k H] GC - FID
AT E I HARE 2 B D 00 (L A R X AH 224
GC - FID i 405 5% HP - 5A{A3EFE(30 m X 0. 25 mm,
0.25 pm) ; FID Kl #% ; 20 A (99. 999%) s A
25 VAR E 4 ) 60,400, 40 mL / min; B2 T+
I, AR 60 °C, 4445 1. 0 min, LA5.0 °C / min Y3
HTFE 150 °C, 4845 1.0 min, LA 30 °C / min AY BRI}
280 °C, PR4F 2. 0 min; L2 1TH[H] 24 26. 33 mino 2 Fli 7
P9 GC — MS I LI 1A 2, & 50 5 25 3 WL 3 4.2 Fb
5 0 5 R A RS L G L 2 R e B T e AR X A
ZAEI/INT 5.0 % (5310 4. 76%, 4. 64%,3. 67%) , 32
B QuEChERS / GC — MS k&5 H I R 45 S vy ] 5
3 itig
3.1 MS &4k
GC - MS S8 Ak iy 3 SR 0 B Ak & 9 i 45
I P R A o o B 0 R Bl 10. 0 g / mL R A
0 TR | 2 T G i T 5 o) B Y, AE T e (e / 2)
40 ~ 500 78 [ 9 iEA T A RIS S Al 0ot 98 ) B 5
E 5 T ARBI S B (NIST) JoT 1% F00H08 P Ao 2% o o il |
1« T e i P 1 P2 B B ) P AR A Ak A 4 A
5 i Pl 5 BRI 6T 56 5 8 L A 8 (B K 1) 5 VR N R AIE 5
T, I e S A e 7L R R AR R
T o Rl i A0 2 TR e i P 2L A ] PR R A B
95, H ZFFAIE 2 AH X G 2~ 1 3= B {8 L e g 1L
1R, WO RERRIE B8 1 95 1B Ry i B B T o Rl SRyl 2
by B R 7 s ), SR FH B ] 43 Be A R A X, A6 R0
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3.2 Hmeiilne
WA R LR RS R & e I AR i 45
RO S EOR NRNTR 20 5 AE %

(44




A IEA I -

Inspection and Test

"?(a%vﬁ 2024 4F 11 H 5 H 55 33 545 21 1)
China Pharmaceuticals Vol. 33,No. 21, November 5,2024

AR 2 12
1.0x10°,

0.8 x 10°
0.6 % 10°4
0.4 x10°

0.2 x10°

01
0

AR 25

i ¢ / min

5 10 15 20

¢/ min

A, BT R
1

2

s 20

w
=

1. AfE 2. Bls 3. LB AR BS

i (10 pg / mL) B, AR SR Eik

AR R T USSR B - i

1. Camphor 2. Borneol 3. Bornyl acetate

A. Mixed reference solution (10 pg / mL) B. Test solution

Fig.1 GC - MS spectrograms of the selected ion monitoring
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Fig.2 GC - FID spectrograns
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*4 GC-MSi#5 GC-FIDEXM3FUEMESENNELER
(mg/g)
Tab.4 Comparison of content of three components determined
by the GC - MS and GC - FID methods (mg / g)

. T BE LRARE
7 GC-MS# GC-FID# GC-MS#% GC-FID#% GC-MS# GC-FID#
| 0.375 0.396 5.18 4.98 1.4 10.6

2 0.380 0.381 5.29 5.12 1.1 10.8

3 0.368 0.397 5.16 4.96 11.0 10.9

4 0.372 0.395 5.4 5.01 11.2 10.9

5 0.368 0.391 S 4.9 10.8 10.6

6 0.377 0.387 5.09 4.91 10.7 10.4

X 0.375 0.391 . 4.98 1.1 10.7

43 X BE Ry Ty AEHERE T AH A A HERE 2R G I T S AL
B, DT AR AP I 52 R, 1 M40 22 Ak 47 B9 3 238 R
A, FLRZ ] H AR A YA I 4 v i B L SORb R R R
PERERIN AT e LA BE A BIF S Fh 2588 T 4 g 5 -
50 mg PSA + 150 mg MgSO,; 50 mg PSA + 50 mg C18 +
150 mg MgSO,;50 mg PSA + 50 mg C18 + 7.5 mg GCB +
150 mg MgSO,; 50 mg PSA + 50 mg C18 + 50 mg GCB +
150 mg MgSO,,. W BT & 46 4 10. 0 g / mL B i
T B | TR e Rk T R A X RS TR 1. S mL, A LR
4 Fh v A bABMA 2 e fl A B S ARSI AR A R
AT 6 FE A 38 3 R R S LRI S 25 R Il
W RN 94. 4% ~ 98. 7%, Bl PSA, C18, GCB %t |3k 3 Fif
G Wy 4 TC A S W MR T 5 ABLTE AR At S B Ak B i
HI2 R0 R B AR A6, BiE GCB YA, 5 (AR
W, IR B I, 320 GCB XA B b 1 8, 25 W B
RO AR i — D B 5 2 R T 38 )5 K L, GCB &%
H 7.5 mg 2 50 mg, (ERE VA R 04 € R Il i e 8
T E R LA HIR, T B AR 50 mg PSA +
50mg C18 + 7. 5 mg GCB + 150 mg MgSO,.
3.3 QuEChERS/GC - MS ix5& M A XML
Hl, ZKH GC - FID A= K& & ab{—h 24
Bic 75 il i v B R e MR FR D2 160, GC - FID AR
il ) 5 © A0 B AR G 1 B AR B R ) R AT MR
S, ARl A I 4 5 Lk B b B €03 0 1) i 7
LU AR AT 8 S 2 o o M A I R e, e DU A 1) i
WA I B 1 4 8 R RN L 2 43 B AR BT
KA 2 | Tovk A AT TR IR R A e M L
FID X 76 € 1% _F £ B B ) A [R] 19 2 Fh Ak & 1 3 i 3
A WAL, JC R R 1 o H 2 T R
W GC — FID [ ] g 31 55 1R A 0k St v T 6 3% 51
rPRRE I e I L 2 TR R I I X R A € 3% 04, oAt AR
F & AR F AR, Homg B (B AE GC - FID & 23 T o4k
T HR VP 2R HE VR A T R TR AN I
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FEE, B AGES, PTG A e e 4 1 A
H S IR, TR

GC — MS¥: Al SEHLR AL S W 53 B8 e PERE
AT R GC - MS LA TR 1) 22 153 4 A an
TR 1) GC - MS e W 5 L GC - MS 5 Y 2 1
SR, BEFE AL O BRI 1] | B I A 0 1
i A R R T AN IR VA S R I e e e
1) I 1 [ 4545 L Ll GC = MS B 5E P 1L GC — FID ¥ 1]
fE.2)GC - MSTERBUE W 5 T 24 GC - FID Lk
R A6 A4, T GC — MS 3R ARG i 18 - 191 b ()
BT F AR R 8 2 e LA AR A0 G B
PE 2, H GC - MS 75 AT i i R 4 B 1
TR  AREE NIST J5Tis A5 40 2 FAE G SCRR% Bl e
I3 2o R A — b R B A A A L SR R
TR XRS5 KT 19 (4% & M4 w0 A7 32 %
Oy O3 AT BT E T B A A [R) 7 DA B Ay 25
5120-31.3)GC - MSYE R THLRE ) Bk 4 T2 24 L
JoT , A [R] £ B B I f) €, 35 0 S gt g 2 SRR &R T A
B2 —, & R MH AL (GC x GO A R T h—4E<,
AH 5 I L P 1 e [ 24 - 25T kA R GC - MS
R B A 2t T i e i e R g s 0 T e ]
RO T PR T AR R B A MIS 3 U 2 B — S e ARAE
B w5 T R E B B T Ak
) 0 TG ARUR L, ok B A 0 g T /N S R, LR
TE — N ANAEAE T IR P ) R R AR B, (A s
15 B (5 A AT L At R A o ko P L L AT RV RN
A fii 1 2T T i P 10 2 e REAE B AR 95, (A T
AT At AR 0 5 %) o e ORI 7 20 33 A R 7 B st [ R
7], R FH 2 B e 0 1k i R AT, R o) [) A o
AR BARME A YIRS IE 7 BT b o, e
HER o fH GC = MSIEAEFELL T AN : 1) GC - MS 43 Hr
1) B ARG PR T 300 °C M UL T AT S Ak BB T4k
FIAE A, A ARG B T B o e A KSR AR B )
(A MLIR S 56 ) W5 e F A7 BR A AT A= b 3, 45 D) 75 2R
OB €033 1% 40 B9 B LA 5 1 A B 20 - 2705 2) GC - MS
IR AR A BOA 5T HP R GC - MS Tk
LA MR~ AR G L i A 2 P T i 3k 3 b 2 2454
A3 L e A v 4 R MRy
3.3 FAEEM

AT 5 F A ST AR i A B B A AT 4
re R SRR O A I A A A AR, W]
FH TR~ B b A 285 i 5 o i e il 0 2 1R e i i
A3 BRI 55 434, a4 o 4
5% Lk
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