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Abstract: A method of electrospray ionization with quadrupole time-of-flight tandem
mass spectrometry (ESI-Q-TOF MS/MS) was used to detect 13 gingerol compounds of
6 types at positive and negative ion modes, then analysis of the secondary fragments was
carried out, and the fragmentation pathway of gingerol compounds was speculated. The
results showed that 13 gingerol compounds in the ESI-MS can produce [M+ H ] and
[M—H]  quasi-molecular ion peaks at positive and negative ion modes. By analyzing

the MS/MS data of gingerol compounds, it was found that the same type of gingerol
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compounds have similar fragmentation pathways. Acetoxy-6-gingerol and acetoxy-8-gin-
gerol had two fragmentation pathways at positive ion mode. One fragmentation pathway
was to remove the hydroxyl group on the benzene ring to produce fragment loss of H,O,
and then the side chain was broken. Another fragmentation pathway was the loss of the
substituent on C;, and then the side chain was broken and provided characteristic frag-
ment ions m/z 179, m/z 137. Acetoxy-6-gingerol and acetoxy-8-gingerol had three frag-
mentation pathways at negative ion mode. One fragmentation pathway was brokenness
of O—CH; on the benzene ring, losing a CH;, and then the side chain was broken to
provide characteristic fragment ions m/z 135, m/z 121. The second fragmentation path-
way was the loss of substituents on C;, and then the side chain was broken. The other
fragmentation pathway was brokenness of C,—C, bond on the side chain to provide high
abundance of fragment ions. At positive ion mode, 6-shogaol and 10-shogaol only pro-
vided fragment ions of m/z 137. At negative ion mode, one of the fragmentation path-
ways was that the brokenness of O—CH; on the benzene ring, losing a CH;, and then
the side chain was broken, another fragmentation pathway was the brokenness of
C,—C, bond, losing 136 u (CsHgO,) to provide high abundance of fragment ions m/z
139, m/z 195. (4E, 6Z)-4-paradoldiene, (4E, 6E)-6-paradoldiene, (4E, 6E)-8-parad-
oldiene could provide high abundance of fragment ion m/z 137 at positive ion mode,
C,—C, bond was broken at negative ion mode, losing CsH;O, to provide high abundance
of fragment ions m/z 137, 165, 193, other gingerol compounds also had similar frag-
mentation pathways. These fragmentation behaviors are helpful to analyze and identify
the structure of other gingerol compounds in Zingiberis Rhizoma , and will also provide
a basis for the rapid analysis and identification of Chinese medicines which contain
gingerol components.

Key words: Zingiberis Rhizoma ; electrospray ionization with quadrupole time-of-flight

mass spectrometry (ESI-Q-TOF MS/MS); gingerol; fragmentation pathway
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Table 1 Chemical structures of 13 gingerol compounds

= x| 11| B3 Substituent group
No. Compound Type R, R,
1 HSE-6-22 1 —OCH; —(CH;),CH;,
2 LTS - 6- 22 T OCOCH; (CH2),CH;
3 T A -8 T —OCOCH; —(CH3)4CHj
4 6-2 4 Il —(CH>),CH; —
5 10-2 v By 1} (CH»)5CH; —
6 (E)-4-5 15 W I —(CH»)>CHj
7 (E)-6-5 22 19 M —(CH»),CHj; —
8 (2)-6-%R-8- LI Ty Il CO(CH;)5CH;, —
9 E] I\
10 (UE, 62)-4- I F2 R i vV (CH»),CH; —
11 (4E, 6E)-6- 4 2 il By V ~—(CH;),CH; —
12 (AE, 6E)-8- s 2 i i vV —(CH:)sCH; —
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e L. 22 0. ZMEmAE . RRBEWAE V. LW V. ZHLmm: 1. L8

1.3 LWHEH

EST f B U8 , 1F 7 B A 4l 38 %5 U
88 3. 1X10° Pas Sl By i3S FE 38 3. 5X 10° Pa;
AR RR 2.4 X 10° Pa; 245 IE 80 V(ESI),

—80 V(EST ) ¥ J& 500 C s —ZJ5iil 31
B m/z 100~1 000, 2% G %3 4530 B m/=z
50~1 000; ¥ 5 R AL H L 10 L/ min; R 5
o5 W 2 A e B 5 3 B il R VRS



A2 AFS% LT ESFQ TOTF MS/MS R i 2 U8 2 1 43 ot 1

ST RLAL 5T 221

1.4 FAaE

AR 1 mg & FRifES T 10 mL 25 &
O PSR E R R ZI RS, o 0,22
pen AL B PR . S T 4 0 A N N A AR O
WA IE 7B AR TR IE SO s R i A
B ER ORI AR . T R B 43 B IR 2y 200
p L AR UEVS W 1 S AE IE B R R A AT
52 UG D)4z 4008 1R RE A AT
2 Z#RE5ITiE

IE A FRR & o B BE R R

B IEURAE B 8 T4k 2 fEk 3,
2.1 EMEUESYHRBAE

TEIE B F R AR BE-6-22 Wy i fE 49+
BT RIMA+H]T m/z 309, HH KR 1% K R

*x2

TH 2. HEDH AR R BT m/z 309 43
MER 141 H,O Ff1 CH,O H [ m/=z 291 F1
m/z 27T R B F.m/z 277 4% C,H,, JE i
m/z 179 B K & F,m/z 179 #F — # F &k
C,H,O42 w) A B m/= 137 B F 8+,
291 2k 2 CH,O@32 WA K, m/= 259 WA B 1,
m/z 115 J& m/z 291 %) C,—C, 8 C;—C,
M’”Fiﬁ%ﬁé}#%%wz 259 1y C,—C, M

—C T2 B m/ = 83 W B F.om/= 83
ﬁ%?ﬁ C.H, (28 WA m/= 55 i Fr 8+,
ATREM 2R iE R T 2, SR 3E-6-2 B (1)
W T3 T N [M+H]" m/z 337, #fE H 3
A N BE B F m/= 337 Syl R 1 Gp
H,O #1 C,H,0, (60 w) A % m/=z 319 Fl m/=
277 WE B F wm/= 3194k 22 C, H, 0, (60 w) 4=

m/z

EBFREAT . ERIMNBEFREERRBT

Table 2 Parent ions and major fragment ions of compounds at positive ion mode

gy ¥ AAXT 43 T o MS? 3 22U CFE X 3 B
ETRE =27
Molecular Relative Main peak of MS?
No. Compound
formulas molecular mass (relative intensity/ %)

1 F AR - 6- 35 1 Cis Has Oy 309. 2072 291.1985(42), 277. 1829 (13), 259. 1719 (6),
179.0718(14),137. 0608 (100), 115. 1126 (48),
83.0860(41),55.0548(27)

2 A H-6-2 ) Ciy Has O5 337. 2003 319.2245(7), 277.1802 (100), 259. 1681 (9),
137.0583(11)

3 LA HE-8-% Co1 Hyp O5 365. 2331 347.2241(6), 305.2121 (100), 287.2002 (9),
179.0703(6),137. 0599(13)

4 6-22 4 Ci7H2: 03 277.1797 137.0597(100)

5 10-25 15 Cao1 Hy Oy 333. 2424 137.0600(100)

6 (E)-4-5 151 Cis Hao O5 249. 1496 163.0764(100) ,137. 0603(39),131. 0492(7)

7 (E)-6-53 F2 15 Ci7 Hay Oy 277.1777 259.1653(7), 177.0891 (9), 163. 0745 (100),
137.0589(73),131.0475(11)

8 (2)-6-8A-8-Z i Wy CioH6 04 319. 1899 301. 1804 (18), 259. 1688 (13), 191. 0961 (62),
189.0910(34), 165.1278 (7), 163. 0745 (11),
151. 0748(32),137. 0597(100)

9 e Ci1 Hy, Oy 195.1021 137.0598(100)

10 (4E, 62)-4- 17 Z= 1 Ci17Hz O 275. 1642 257.1527(6),179. 0698(9),137. 0596(100)

11 (4E, 6E)-6-—"4 % i B Ci9Hz6 O3 303.1955 285.1857(5),179.0712(10),137. 0604(100)

12 (UE, 6E)-8-— I iy Ca1 Hi0 O3 331. 2276 313.2172(6),179.0709(8),137. 0607(100)

13 6-32 T Cir Hys04 297. 2061 261.1853(13), 177. 0910 (21), 163. 0754 (26) ,

. 0597(100)
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Table 3 Parent ions and major fragment ions of compounds at negative ion mode

a2y AR 43 F o it MS? 5= 520 CRH X 58 J3)
P (%t
Molecular Relative Main peak of MS?
No. Compound
formulas molecular mass (relative intensity/ %)
1 4R 3L -6-22 CigHas 0, 307.1913 292.1701(7), 171. 1386 (32), 139. 1127 (100) ,
135.0430(6),121. 0292(11),57. 0342(12)
2 A S -6-2 Cio Hag O5 335. 1868 320.1622 (4), 293.1760 (7), 275.1656 (22),
199. 1344 (19), 193. 0868 (8), 139.1129 (12),
135. 0455 (4), 121.0296 (5), 99.0461 (71),
57.0354(100)
3 LA HE-8- %W Co1 H32 05 363.2192 348.1834 (5), 321.2177 (7), 303.2021 (14),
227.1667(23), 193. 0887 (14), 167. 1428 (11),
135.0428 (8), 121.0294 (7), 99.0465 (73),
57.0356(100)
4 6-35 75 Ty Ci7Ha, Oy 275.1653 260.1412(5), 139. 1133 (100), 135. 0442 (8),
121. 0295(7)
5 10-F M5 By Co1 H32 03 331. 2283 316.2045(4 ), 195. 1758 (100), 135. 0449 (9),
121.0296(8),83. 0502(8)
6 (E)-4-5 2 W5 Ci5 Hao O3 247.1336 232.1102 (6), 135.0437 (5), 121.0297 (4),
111.0821(100) ,83. 0499(7)
7 (E)-6-5¢ 4 Ci7 Hz, Oy 275.1656 260.1414(4), 139. 1132 (100), 135.0439 (5),
121.0293(6),97. 0658(8) ,83. 0504(6)
8 (2)-6-5A0-8-Z I Wy Ci9 Hazs Oy 317. 1757 302.1478(6), 181. 1237 (100), 153.1288 (21),
135.0451(7) ,121. 0293(6),95. 0123(5)
9 Z Cii Hy, O 193. 0876 178.0637(42),121.0295(17) ,57. 0350(100)
10 (4E, 62)-4-ZJ% 22 1 By Ci17Hz O 273.1500 258.1270(4), 137.0975 (100), 135. 0450 (5),
121. 0299(4)
11 (4E, 6E)-6- 4% 2 i By Ci9 Ha O 301. 1806 286.1604(5), 165.1287 (100), 135. 0455 (8),
121.0307(7)
12 (UE, 6E)-8- I % Fi By Co1 H30 03 329. 2127 314.1883(4), 193. 1597 (100), 135. 0450 (6),
121.0289(5)
13 6-35 " Ci7 Has O, 295.1908 280.1796 (6), 165. 0643 (13), 159. 1374 (100) ,

. 0451(7),121.0306(6)
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Fig.2 ESI-MS/MS spectrum (a) and proposed fragmentation pathways (b)

of methoxy-6-gingerol at positive ion mode
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Fig.3 ESI-MS/MS spectrum of acetoxy-6-gingerol (a) and proposed fragmentation pathways

of acetoxy-6-gingerol and acetoxy-8-gingerol (b) at negative ion mode
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Fig. 4 ESI-MS/MS spectrum (a) and proposed fragmentation pathways (b)

of (Z)-6-ox0-8-shogaol at positive ion mode
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CH, ##Wr2d , B8 1 m/2 273 £ 1 /0 F CH,
W om/= 258 WE B F.om/z 258 R &
CeH,O123 WA m/z 135 BB F,.m/z
135 g — kX 1 pF CH, £l m/= 121 %
REF;32) C—C, MR B Fm/2 273 &
2 CoH O, (136 WA m/z 137 fE g5 . Xf
(4E, 6E)-6-_ffi 22l My . (4E, 6E)-8-_ )& 2
i) 53 ) — R W S AT AR AT T T 1 2
kit 5 (4E, 62)-4- M2l % i — 2.

2.4 EBRELEVNRMENE

EIEEFHA T, 6-% NS 75T
WM+ HT m/z 297, W A P Fh 2416 &
) IR BRI C BRI 5
m/z 261 B BT m/ = 261 PRk 25 C, Hy, (98 u)
AR m/z 163 BE R B T2 C—C; BWR, A
Co FMBERZR AR m/= 177 W 7 8+,
m/z 177 9 2= CoH, (40 w) A= i m/z 137 #%
HET.

TR PR, 628 NS T3 T
W[ M—H ] m/=x 295, #E M 45 P§ Fh 24 ff &
B DRR B O CH, #WR, B8 1 m/=
295 ER 1 40F CH;y A m/x 280 W & 1,

m/z 280 Bk £ C,H,; OC(115 w) Al m/z 165
BB F,m/z 165 B EJ CH,O A i m/=
I35 R B Fom/= 135 #E— Rk X147
CH, A m/= 121 B 5 B 73 2) C,—C, H
BT m/z 295 k£ CeH O, (136 w) 4K
m/z 159 B &1,

3 it

SR T R WS 55 - U Bl -6 AT B T 5 33 3k F 5
T2 13 A LR KA S W0 T % 2L A AL
RIS R LR BACS Wy 2L i AR AE AL
IE B PR B PR AT AR 0 2R R AR D R
W R R R IR G s & A 20 2) D4
HERAEZMR, 5 m/ 2 179,163,137 $RAFE
FE . 5B FRCN, WA W R AT AR Y
fFREie . D RABCH &M O—CH, H#W
2, ER 14y F CH, 885 MgE & 2F 2417 :2) il
HEEC—C, BEWTR, 7k FEARIER A BT
AWETE G T 2 PR AL A W0 T 2L i
A BT X T 2 A Z B R KA B WSS
A AT fi7E BT RV HEE DB Al AT Sy BRI o BT R S
A ZHER IS 1 b 2GR AR .
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