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PIFAAE, T 2020 4F 8 Ak Fildua B B ik
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i, WEGE GG R E-80 C MR KA, H—
WA AT T HEAE Y, 105 C A7 30 min, ZJ5
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1.1.2 A4 2. Wl TR (@) %
H Sigma /A #]; ZMEW H Honeywell ATl 5 ik
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il 45 o
113 #FfE% WETMRTHE (CAS: 99-24-
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91-7) WA RKEELEYWARAF.,
1.2 KIS

R I % K Agilent6560Q UHPLC-Q-TOF
WRECFH &4, 3% H Agilent 37 ; PoroshellSB—
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Agilent 23 7] ; KQ-500DE ¥ #8 A s vk, B
T A S A PR 7 s CPA224S 7K, &
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¥ 0.100 g H A% F# K 4 8T 50 mL 4l ,
MR E, FRECIIE 1 500 W, $#2HL 30 min,
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Fig. 2 Total ion chromatograms of water extract of Chinese gallnut under ultrasound method ( A ) and high
temperature method ( B ).
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Fig. 3 Mass spectra of the eight isomers of 2-0O-galloyl-B-D-glucose



fiavkik, %: 3T UHPLC-QTOF-MS BARM HARF 5T B34

15

x1 BFEK 65 CZHTREEFRRIIHBMELEY

Table 1 Phenolic compounds of water extract in Chinese gallnut, as extracted by ultrasound 65 C method
I Rl TR B 1] A R WHAET W
No Compounds Formula Rt/min Measured Calculated Fragments Error
1 BWiR — Ml CyHygO43  2.38 469.0106  469.0048  451.094 3,425.115 4, 407.104 5 2.56
2 1-GG Ci3H1gO10  4.45 331.0703  331.0671 271.047 9, 169.014 4 9.67
331.069 9, 271.047 8, 211.025 8, 169.015 5,
3 2-GG CooH20014  5.17 483.0823  483.0780 11043 105 025 1 8.90
4 BT C/HOs  5.32 169.0155  169.0142  125.025 2, 107.030 3, 79.019 6 7.69
331.069 4, 313.058 6, 271.047 3, 211.025 4,
5 2-GG CyoH20014 6.55 4830822  483.0780  oo'inn’ 15t 0032 125.024 5 8.69
6 2-GG CooH2014  7.32 483.0811  483.0780 331.069 0, 271.045 7, 169.015 0, 125.024 4 6.42
7 AR Ci4HsOs  8.03 301.0002  300.9989  169.014 2, 151.005 0, 123.009 3, 107.013 8 4.32
331.069 9, 313.059 0, 271.047 8, 211.026 1,
8 2-GG CooH20014  9.64 483.0826  483.0780  oo'oris ' 151004 1. 125,025 1 9.52
465.071 3, 331.069 4, 271.047 8, 253.036 4,
9 2-GG CyoH20014 10.68 483.0825  483.0780 211.026 1, 193.015 4, 169.015 3, 151.003 8, 9.32
125.024 9
I 450.997 0, 425.019 0, 407.007 6, 379.012 4,
10 IEBIER_ME CyHioO43 1257 469.0085  469.0048 23135 () 299.903 2. 273.005 3 9.32
423.060 0, 331.069 7, 313.058 8, 195.047 5,
11 2-GG CooH20014 13.19 483.0827  483.0780 271.047 9, 211.026 3, 193.015 4, 169.015 4, 9.73
151.004 6, 125.025 0
483.082 3, 465.071 3, 313.058 9, 271.047 7,
12 3-GG Co/H24015 13.34 6350853 6350889 030153 169015 3 125.025 1 -5.67
423.060 7, 331.069 6, 313.059 4, 271.047 9,
13 2-GG CooH0014 14.65 483.0800  483.0780 211.026 4, 169.015 7, 151.004 9, 125.025 3, 4.14
107.014 6
423.060 9, 313.058 6, 271.047 8, 211.026 3,
i el CaohtzoO1s 15.07 483.0828  483.0780 1930154 169.015 4, 151.004 4. 125.025 0 s
15 X TH  CigHig0g  15.59 321.026 0 321.0252 169.015 5, 125.025 3, 79.019 5 2.49
617.083 0, 465.071 9, 423.060 4, 313.059 0,
16 3-GG Cy7H24015  16.50 6350952 6350889 711055 169015 4. 125.024 9 9.92
483.082 4, 423.060 3, 331.069 3, 211.026 1,
17 3-GG CoH4015 17.27 6350952 6350889  1co'it 4’ 1550250 9.92
635.095 1, 617.084 5, 465.071 3, 295.048 2,
18 4-GG CagHs02, 18.68 7871076  787.0999 oo e o 125024 0 9.78
19 3-GG Cy7H24018  20.05 635.0804  635.0889  465.067 2, 321.024 4 0.79
483.081 9, 465.071 7, 423.060 0, 313.058 8,
20 3-GG Cy7H24018 20.57 6350948 6350889 71105 o' 169015 2. 125,024 9 9.29
. P CotHsOp 2177 7871077 7870999 035094 8,465.0710, 295.048 1, 169.015 2, 25
125.024 9
22 4-GG CaHs02 23.58 7871075  787.0999  635.094 8, 465.071 4, 295.048 0, 169.015 2 9.66
23 4-GG  CayHyOy 24.87 7871008  787.0999 ?23'8?‘5‘ g BUES & SR & o 114
24 BEER® CuHeOs  40.99 301.0018  300.998 9 fig'ggg g A T P2 0, Ul v 9.63
o 283.998 2, 257.011 0, 229.015 8, 201.020 5,
25 AR Ci4HgOs 43.57 3010014 3009989 %o’ ion 5 145030 2. 129.035 3 8.31
769.095 0, 621.078 0, 545.062 5, 469.055 9,
26 9-GG CeoHasOsp 44.33 7730800 7730737 3030404 160014 9 8.15
769.095 0, 697.073 9, 621.068 3, 545.062 4,
27 10-GG CrHs2046 44.38 849.0882 8490792  4eo'ine 4’ 203049 2 169.014 9 10.06
849.087 2, 773.081 4, 697.074 7, 621.068 2,
28 11-GG CgsHs6050  44.55 9250043 9250847 11100 6 460056 1. 393,049 1 10.38
925.090 5, 849.086 4, 773.081 3, 697.075 4,
29 12-GG CooHgoOss  44.62 10011020 1001.0901 (o8 (o ' 545,062 5. 469,056 2. 393,047 6 11.89
30 6-GG CugH36030 44.96 10911224 10911213 939.1105 1.01
- 283.998 1, 257.010 6, 229.015 6, 201.020 3,
31 WAL TR C14HgOs  45.09 3010013 3009989  %ar’ios 5 1450209 129.034 5 7.97
32 PGG*  CuHgOm 45.10 4600528  469.0518 0/-1008,635.0899,617.079 5, 465.068 3, 213

169.014 5




16 Mol B BF R % 36 &
gkl
%5 HEw 7R B I (] 5 fE Hitfd WhHET RE
No Compounds Formula Rt/min Measured Calculated Fragments Error
33 7-GG CssHg0O34 45.13 12431332 1243.1323 1091.121 0, 939.107 7 0.72
34 7-GG Cs5H40034 45.35 12431332 12431323 1091.1237,939.1117 3.46
1699.163 1, 1547.154 1, 1 395.144 4,
35 11-GG CgsHs6050  45.42 925.083 8 925.0847 1243.133 1,849.078 7, 697.067 7, -0.97
621.062 1, 469.051 6, 301.000 O
1243.136 8, 1 091.123 6, 621.064 5,
36 8-GG CeoHaaO35 45.43 1395.1459 1395.1432 545.058 2, 301.000 0 1.94
37 JLE  CisHiuOp 45.49 2800713 2800717 2010055, 242.99406,217.0155,189.0204, 1.38
1395.149 0, 1 243.138 6, 1 091.124 2,
38 9-GG CeoHsg04 45.59 1547.1565 1547.1547 697.070 9, 545.058 7, 301.000 7 1.16
39 10-GG Cr6H50046 45.61 1699.1567 1699.1656 1547.162 4, 1 395.085 8 -5.24
1699.167 1, 1 395.146 6, 849.080 4,
40 12-GG CgoHeoOs4  45.67 1001.0916 1001.090 1 301.000 8, 183.030 6 1.50
41 13-GG Co7HesOs5  45.69 10775986 1077.5973 925.0859, 301.000 8, 183.030 5 1.21
42 14-GG C104HesOs2  45.69 1153.6036 1153.6028 925.0857,301.000 9, 183.030 6 0.69
43 BRAER C14HgOg 47.44 301.0014  300.9989 229.0155 8.31

W IR SR AL S .
Note: “*” Represent identified by the standard compound.

42-60-42—18—44]", m/z169 Iy 2L B TR %k
BUAEERE FRREURZEH, m/z125 R IERE A
BT RMEE TR E 1R (44 Da) B
o ZAL AP0 SR B BRI ] TR
(170Da). ¥k, H,0O (18Da). C,H,0 (60Da)
K 42 Da . (k& 12, 16, 17, 19,
20 FHESY T3 T8N m/z635[M-H~, #iE KT
it 636 Da, ZAb G YA 5 B A m/z617
[M=H-18]". m/z483[M-H-152]". m/z465[M—-H-
18-152]". m/z331[M-H-152-152]". m/z313[M-H-
18 =152 —152]" &% m/z271. m/z211. m/z169.
m/z125 SERHEYERURRE R, mz/152 AREIE P 2%
BB L — R E TR (152 Da) Bk
o ZAL A YA 2 3 B BIE B F IR AY
BRI FOK A F RIS o 456 SCHR B, X i
&5 W% E N 2-GG il 3-GGP,

G518, 21, 22, 23 WILEWIES T8 1
ek miz787, fbEW) 32 (NS> T8 TId m/z469
IM=2HP", PiEFE 2 R R R E T
Mk 3L FOK Bk, 7 A T RRE R B T
m/z169. m/z125, 454 SCEREHR P>, K miFp ik
AW Y% E R 4-GG F1 PGG, X T PGG, m/z787
PR B 2 BRI B T I L
URSEH I — A BEE T HBEIE I A 5 m/z635 TE T,
Tl — KT mIz617 T ), ZJedkF=—A

BB T, WIZE K miz465 B e H, il hE
m/z635 EREE TV (K 4),

5 30 WAL G WS T BT miz1 091
IM=H]", k&% 33, 34 FHES> T8 75 miz1
243[M-H]~, -7 flf 48 1 B v o 22 2k 2o 0% B Tk
5. B 36 ES TR TR miz1395[M-H],
ZTE AR A T RAEE R miz1 243[M-H-152] ",
m/z1 091[M-H-152—152]". m/z621[M-2H-152]*.
m/z545[M—2H-152-152]*", 454 SCHkfE B, X
3F L &YW E N 6-GG. 7-GG FI 8-GG,
A5 26 HES T3 Tk miz773[M-2H]> . 1k
HY 38 kT B TR 1 547[M-H]", PI& 1)
ST RN 1548 Da. fbaY) 27 N T T
Ik 849[M—2H]*, L&) 39 ST B ikl
m/z1 699[M-H]". i Wi 1)/ F B34k 1 700
Da. k&) 35 WS B FI6R m/z925[M-2H],
W %Y R 5T i 1 852 Da, 4Rk i
NEANTARE SRR B B PR £ R,
X 3FE AW o i HEE S 9-GG. 10-GG Al
11-GGP, fk& 4% 40 1415 T & F I miz1
001[M-2H]*". #isE H ik 2 004 Da, Jf7=
AT miz1 699[M=H—-152—152]". m/z1 395[M-H—
152-152-152—-152]" &% m/z301 F1 m/z183.030 %
FRIEM R E 7, e R 12-GG, ham 411
WS T8 F U miz 077[M=2H]> . i€ H
TJifE 2 156 Da, LG 42 Mo+ 2 1 g
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Table 2 Phenolic compounds of water extract in Chinese gallnut, as extracted by
high temperature 121°C method
wme  HEW ST CRERE WE(E LR ME WhHET RE
No Compounds Formula Rt/min Measured Calculated Fragments Error
1 1-GG CisHigO10 341 331.0680 331.067 1 271.858 6, 169.014 1, 125.024 3 2.72
2 WA TR C;HgOs5 3.71 169.0146 169.014 2 125.025 1, 96.960 2 2.37
3 1-GG CisHigO10 424  331.0679 331.067 1 271.048 2 2.42
4 2-GG CpoHz0014  8.44 483.0790 483.078 0 313.056 7,271.942 5, 169.014 1, 125.024 3 2.07
5 BETERHFEE* CgHgOs 12.70 183.0303 183.0294 — 4.92
6 3-GG Cy7H24045  18.32 635.0906 635.088 9 465.068 0, 331.025 4, 169.014 4 2.68
7 XA TE CYHiOy 1854  321.0250 321.0252 169.013 7, 125.024 1 0.88
8 3-GG Cy7H24045  19.21 635.090 3 635.0889 465.0717,423.060 0, 313.058 8, 271.0260, 169.015 2, 125.024 9 2.20
9 3-GG Cy7H24045  20.52 635.0906 635.088 9 465.0709, 313.058 7, 169.015 2 2.68
10 3-GG Cy7H24045 21.62 635.0904 635.0889 483.0819,313.058 7,169.015 3 2.36
11 3-GG Cy7H24045 24.43 635.090 5 635.0889 483.082 3, 195.047 9, 169.015 2 2.52
12 4-GG Ca4H280,, 25.56 787.1019 787.0999 635.094 4, 169.0150 2.54
13 4-GG Ca4H250,, 26.20 787.1019 787.0999 635.094 3,617.084 6, 465.071 4, 169.0150 2.54
14 PGG* Cy1H320,6 27.44 939.1131 939.1109 787.1049, 469.052 9, 393.047 2, 321.0256 2.34
15 PGG* Cy1H3056 28.31 939.1128 939.1109 787.102 5, 625.049 0, 469.052 9, 393.047 1, 169.014 5 2.02
16 PGG* C4qH320,6 29.27 469.053 1 469.0518 787.100 7, 625.051 1, 469.053 0, 393.0469, 169.014 6 2,77
17 PGG* Cy1H320,6 30.47 939.1132 939.1109 621.064 1, 545.059 2, 469.053 0 2.45
18 7-GG CssHyoO34 30.81 1243.134 2 1243.1323 1091.124 8, 939.111 8, 621.065 0, 545.058 9, 469.053 0 1.53
19 6-GG CygH3603 31.02 1091.1247 1091.121 3 939.114 0, 787.188 9, 545.057 4 3.12
20 6-GG CygH36030 31.46 1091.1245 1091.1213 939.112 9 2.93
21 7-GG Cos5Ha0O34 3170 1243.1360 1243.1323 1091.130 9 2.98
22 AR Ci4HgOg  32.02 300.9996 300.9989 — 2.33
23 8-GG Ce2HaaO35  32.25 1395.146 9 1395.1459 1243.1358, 1091.121 9, 697.070 6, 621.064 3, 545.058 5, 300.998 3 0.72

i RIS HRERN R A, RIS RS

Note: “*” Represent identified by the standard compound, “~” indicated as not contain.

FH A RREAR T80 C R RIEAF I REAR, &
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Analysis of Tannin of Galla chinensis by UHPLC- QTOF-MS

NI Bing-bing', LIU Hong", YU Li-yang', ZHANG Guo-yun'?, HE Cai-yun'?, ZHANG Jian-guo'*

(1. State Key Laboratory of Tree Genetics and Breeding, Research Institute of Forestry, Chinese Academy of Forestry, Beijing
100091, China; 2. Co-Innovation Center for Sustainable Forestry in Southern China,
Nanjing Forestry University, Nanjing 210037, Jiangsu, China)

Abstract: [Objective] To develop an effective method for characterizing tannin of Chinese gallnut by ultra-
performance liquid chromatography —quadrupole time of flight mass spectrometry (UHPLC -QTOF -MS),
and analyze the fragmentation behavior of gallotannins. [Methods] High temperature and ultrasonic—as-
sisted methods were implemented for extracting phenolic compounds from Chinese gallnut, and the frag-
mentation pathway of gollotannins were characterized by MS/MS spectrometry. [Results] A total of 20
compounds were identified, including 14 gallotannins, 2 gallagyl esters, 3 phenolic acids, and 1 flavanol.
Gallotannins with molecular mass higher than 1500 Da were not identified when high temperature 121 C
was used as extract method, while they were successfully detected by the ultrasound extract method, in-
cluding 1-O—galloyl-B—-D—glucose to 14—0O-galloyl-8—D-glucose. Under the conditions of ultrasonic power
of 1 500 W and extraction temperature of 65 °C, more gallotannin isomers were identified. The MS/MS
spectrum showed that gallotannins were mainly decomposed by the loss of glucoside, gallic acid, galloyl,
H,O and carboxyl. [Conclusion] In the study, UHPLC—QTOF-MS technology coupled with ultrasonic ex-
traction methods have been proved to determine gallnut tannin comprehensively and efficiently. The identi-
fication of gallnut tannin and the analysis of their fragmentation mechanism can provide a reference for re-
search on the chemical composition of other plants rich in tannin.

Keywords: Chinese gallnut; gallotannins; UHPLC—Q-TOF-MS; fragmentation behavior
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