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Difference analysis of chemical constituents of Lonicerae Japonicae Flos before
and after sulfur fumigation based on UHPLC-Q-TOF-MS and chemometrics
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Abstract: Objective To comprehensively investigate the effect of sulfur fumigation on the chemical composition of Jinyinhua
(Lonicerae Japonicae Flos, LIF) and seek the typical chemical markers of sulfur-fumigated LJF. Methods Both non-sulfur and
sulfur-fumigated LJF were analyzed by UHPLC-Q-TOF-MS. The separation was conducted using a gradient elution program with
0.1% formic acid aqueous solution and 0.1% formic acid acetonitrile as mobile phases on a Waters HSS T3 column. In addition, ESI
negative ion mode was employed for the mass spectrometry analysis. Chemometrics such as principal component analysis (PCA) and
t-test were used to examine the variations in the chemical components of LJF before and after sulfur fumigation combined with Mass
Profiler Professional software. The main differential components were subjected for the identification. The Weight assignment method
was employed to screen chemical markers of sulfur fumigation. Results The results indicated that the non-sulfur and sulfur-fumigated
LJF samples could be clearly distinguished, and significant difference was observed among the principal components. Sixty-five

differential components were screened out, 23 of which were identified as the sulfonated products and sulfite acid addition products of
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phenolic acid compounds, and sulfite esters and sulfite addition products of iridoid compounds of LJF. Thirteen sulfur-containing

derivatives were not reported in the literature. The structure of the sulfonated product of chlorogenic acid was characterized by the

preparative chromatography separation and "H NMR method. Three compounds including secologanic acid sulfite, sulfonated product

of chlorogenic acid and strychnine A sulfite addition product got higher scores by the weight assignment method. Conclusion The

principal differential components of LIF before and after sulfur fumigation were screened and identified. Three sulfur-containing

derivatives were recommended as candidates of chemical markers of sulfur fumigation. This study provides a reference for the

illustration of the transformation mechanism of chemical components in LJF during the sulfur fumigation and provided a basis for the

rapid screening of sulfur-fumigated LJF and the quality control of LJF.

Keywords: UHPLC-Q-TOF-MS; chemometrics; sulfur fumigation; Lonicerae Japonicae Flos; sulfur-containing derivatives; chemical

markers of sulfur fumigation
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Table 1 Sample information of LJF and results of SOz

residue

o THER SO HHE HELR SO KHE

V% (X109 fEHRY (X107)
1 ] 1-1 FN ok 12 1250
2 ] 21 FN ok 22 845
3 ] 31 N o 32 2631
4 ] 41 N o 4-2 1951
5 IIER 5-1 N o 52 631
6 R 6-1 N o 6-2 608
7 R 7-1 N o 7-2 915
8 R 8-1 Fhr 8-2 909

¥ Bk 8 LA SR AL T4 40 kg 39514l T-42
T b, U8R 3.6 ke Bufif, %IAME 3d, WX, MFE
3d, WFEAARCT YR A4S, RIS B R 2R 1 4
RACZIHM, 3R ([ 24 1) 2020 2R 75 E SO
e, 5EIE 1.
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BRI TR « WINMERR AN LB 55 Wk S e 10 0t
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R BE I MBE 2 2R, #2580, Bl et 1 mL &
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PREUARR L) 1 g, KEEME, BEREHVIRT, FE%
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500 W. 4% 53kHz) 5min, 240 18h, FH4ksk
(TR 500 W, 4% 53 kHz) 60 min, #8EF
(30£5) C, WA, MoEhisE, thEmkriE, H
0.22 pm JEMEGELE, HUELIERAE AR AR
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¥ ] Waters UPLC HSS T3 (100 mm X 2.1 mm,
1.8 um) il ks, L 0.1%FHER/KIEBCNTEIA A,
0.1% W IR L IEHE BN B, BREEGERL: 0~2
min, 5% B; 2~5 min, 5%~8% B; 5~13 min,
8%~12% B; 13~20 min, 12%~26% B; 20~31
min, 26%~70% B; 31~36 min, 70%~95% B;
36~38 min, 95% B; 38~38.1 min, 95%~5% B;
38.1~40 min, 5% B; Hi 40 C; AFRUE 0.40
mL/min; #FEE 5 ul.
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Fig.3 Volcano map of #test for differential components
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& 1 F 2 MHlED T8 TIEHR m:z
435.060 7 [M—H]", {& BB [8] 735319 0.79+1.40 min,
T 731208 CieH20012S. 7E 2Rl b, P&
BI72 4 mlz 353.088 7 [M—H—H,S0:]+ 80.964 5
[H2SO3;—H] "+ 260.989 6 [MNHEER —H-+HSOs] [I4F
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Table 2 Mass spectrometry data and identification results of 23 sulfur-containing derivatives
&% tmin BER MoHD (X‘*je) R It Pl Rl VP gﬁwﬂ >
1 079 CyHaOnS 4350607 092  3530887,2609896,80.9645  HMEEETRUMEIM 26X102 400674 13278 467653 18
1)
2 140 CyHaOwnS 4350602 023  3530882,2608890,80.9652  HMMEMZTRUMEIM 26X102 400674 13278 468309 18
i/
3 587 CuHOpS 4330449 069  258.9952,240.9854, 2150045  GRBMIL“1) 12X10% 65677 13285 928753 /
4 743 CpHs0sS 5970021 047  515.1171,80.9649 TS TRATRREAIA 17X107% 494226 13275 592554 20-23
=1
5 1052 CoHxOiS 597.0020 0 515.1166,80.964 7 TR TRERERME 17X107 600471 13279 717472 20-23
/]
6 1098 CxsHxOmS 597.0023 050 5151142809633 TR R TR 73X1072 949330 13276 1381774 203
)
7 1165 CosHxsOsS 5970021 017  5151166,80.9643 T ETRRERRINN 72X10% 463458 13276 551052 20-23
=1
8 1527 CxHuOuS 5950765 034  433.0455,258.9925,240.9820  “WIMEBCETRRBAMLAZY  47X10% 36905 13286 41548 |
9 1597 CxHuOuS 5950766 050  433.0445,258.9919,240.9808, “WIMEECETERBAMLAY  18X10% 31146 13286 34927 |
215.002 6
10 1681 CsHuOiS 5950765 034  433.0438,258.9916,2409810 MUEREZ TREELA M 34X10% 20200 13273 23661 /
11 1680 CsHuOwS 5950764 017  433.0445,258.9917,2409816 —WIUEREZ TREELA M 24X10% 20466 09953 23370 /
12 329 CuHpOuS 4370761 046  373.1147,275.0235,257.0129 Wi 4k FRATRiMR: 9.0X10° 30 13285 40016473 16-17,
%
13 191  CuHuOuS 4550863 044  373.1101,80.9645 WORTRURRNEG 16X102 76879 13279 89076 16-17
14 196 CuHxsOuS 4850073 062  453.0780,291.0215 DEAWANDEFHTR 39107 147850 13267 179988 /
B
15 267 CoHxOuS 4850071 021 4530732 2910152 PEEMALDEFHER 11X10% 401906 13271 489128 /
B
16 502 CrHx0sS 4691019 043 3871300 WS HERRMATY 93X10% 103748 13173 307539 1617,
2,2
17 1533 CgHeOzS 8252132 036 7432354 DETH ATREIMAY  23X10% 3485903 13281 4151728 20,23
18 1615 CauMiOnS 8252131 024 7432359 LT A TR 12X10% 2293440 13285 2614252 20,23
19 949 CpHuOnS 8111977 062 7292183 FRADETH ATH®R  42X10% 1935470 13286 2192782 23
M=
20 1216 CpHuOnS 8111970 025 7292196 FRADETH ATH®R  53X10% 1889675 13287 2119657 23
=4
21 1465 CgHpOxS 7931864 038 7292233 FREDHTHATREE 65X102 131089 13283 150358 23
22 1687 CxHeOzS 7931870 038 7292247 FREOETHA TRME  86x10% 394045 13284 451139 23
23 1790 CaHaOnS 7931868 013 7202247 FREDETHATRME 09X10% 427689 13284 490143 23

AEWE T, EHEWT AR IR =4 . e miz

191.0572 M
H—H,SOs3

—H—H,S0;
—C7H100s] AT HEWHAL &4 1 A1 2

—CoHeOs] -

179.033 1 [M—
ks

YA UNHERR I S AN 28 IR IR AL, m/z 179.033 1 3

B WKEE HHEE COL AR m/z 161.024 0 [M—

H—H,>SO3;—
H—H,>SO3;—

C7H100:5
C7H100:5

—CO]

—HO] Fl m/z 135.044 9 [M—

H Lk 4 AR 55
B R B — 0P — B, SRR H 0,



2025422 H $56% £ 4 Chinese Traditional and Herbal Drugs 2025 Feburary Vol. 56 No. 4
8 y

* 1151 -

A 1N 2 AR g BRI P 2 e i ST B
W, H AR L TT BE 9 WmHERE SR o, B- AN RN Bk
WA KA T 1,4 FEYEMEEL 1,2 SN

WEY 3 IS T BTN m/iz 433.044 9 [M—
H]", T 57308 CieHi1s012S. 7E it B+,
PR T miz 258.995 2 [WNMERZ —H+-SOs] ™ 240.985 4
[MHHERE —H+SO3;—H20] 7+ 215.004 5 [MiHERE —H -+
SO3—CO2] MIFHIERE Fr s FARW Ul m/z 191.058 4
161.025 4. 135.045 3 543 JR X I8 S — R —
B AE Y 3 WD HEI g S E I 2 T B AR AL A
Ho A AL 40 20 HE DU AT e g mnE e B B R IR
AR R A AL SN

W& 4~T7 WHED T BI85 m/z 597.092 1
[M—H]", fREI 6] 5 54 7.43. 10.52. 10.98. 11.65
min, TN 5> KA CosHa015S. 7E ik,
724 m/z 515.117 1 [M—H—H2S05] F1 m/z 80.964 9
[H2SOs—H] FIRFIERE v, HH G HE BT oA AR R 0 s
W, Horbm/z 515.117 1 5 3CHRFRIERO-231 — ninm
FEBETIRIE T W5 WH m/z435.056 1 [M—
H—CoHeOs] 5HAY 1A 2 [ T3 106 — 2L
A m/z353.0853+ 191.0539. 179.0332. 161.0211,
135.043 3 A& 1 A0 2 (K - 2me Fr —50, e
Wrik &4 4~7 tAb & 1 F1 2 2 1 A nHEBE R,
R MMET 2 T RO R I ), AR L] 54k
AWML 2280, RIS RATAEY) .

&4 8~11 (m/z595.076 5 [M—H]~, {REFIA]
AN 1527, 15.97. 16.61. 16.80 min) Tl 412
A CosHuO15S, R m/z 433.044 5 [M—H—
CoHeOs] 5HEW 3 TR T —3, HARH
WEWEY) 3 W2 A 8~11 Sy —nink
W2 TR =, AL S E9 3 2B

EY 12 e T E T8N m/z 437.076 1
M—H], T8 CieH2012S. HIRFERE A
m/z373.114 7 [M—H— SO, HEM A A% BRE 2K A7 A4
Y. &Y 12 BIREF mlz 275.023 5 [M—H—Glc]
Al m/z257.012 9 [M—H—Glc—H,0] 73 51l 5 W B4
TR R — R m/z 211.058 6 [M—H—Gle] Al
m/z 193.051 2 [M—H—Glec—H,0] #1Z 64 (SO»).
AN, B m/z 211.058 5 [M—H—S0,—Glc]
193.051 1 [M—H—S0,—Glc—H,0]"« 179.056 4[M—
H—S0,—Glc—H,0—CHy]". 149.061 1 [M—H—
SO —Gle —H,0 — CO,] 55 Wy By B 7 & 0 HE o — 4%
W —8, W EGSCERRIEN 1724, HERTL A 12 9

T £ B R T R T

&Y 13 Wl T BTN m/z 455.086 3
[M—H], T+ 3N CieH24013S. HHRFERE A
m/z 373.110 1 [M—H — HSOs] Al m/z 80.964 5
[HoSOs — HI#E Wr 4 V6% BR I B r= 4« W6/ m/z
275.023 5 [M—H—Glc—H,0] 5 Wi &£ 1 iR % i
i R miz 193.051 2 A% 82 (HaS03), WA
m/z 211.058 5 [M—H—H,S0;—Glc] 5 Wi S8k 7%
SRR R A B, X B SCRRARIE D), HEWT L
HY) 13 AW ER T ER/K MR 2B () S R B v ) 44
55 R R A 0 R RE = )

&Y 14 F1 15 HED T3 TIEN miz
485.097 1 [M—H]", fREIEY 1.96. 2.67 min, Tii
Mo CriH2601aS LAY 14 F1 15 (IRE R m/z
453.073 2 [M—H—CH;OH] #1 m/z 291.015 2 [M—
H— CH3OH — Gle] 73 il 5 4l A% 2 Wi 480 5 8% 7 7 X
W R m/z371.097 5 [M—H— CH;OH] #
m/z 209.101 0 [M—H—CH;OH—Glc] #lZ% m/z 82
(H2S03). BbAk, &Y 14 A1 15 R mi/z
179.039 0 [M—H—H,S0;— Glc—H,0—CO,] 1%
B2 WAL S R T X R R m/z 179.039 0
[M—H—Glc—H,0—CO:] —&(, ket &4
14 F1 15 A& W A B 8 7 BRI 0 =4
S Ly SRR, FLAE BRI T BE R S 2 W 4 AL
LBERTHM o p-NAMBRES MR ALET 14 3
OB 1,2 SEAZINR, R RIS AT A o
DL 1,4 SEREIEC G, FERTRE 45 MR R R 15 0
4, TFTREMIA AL LK S,

B0 16 HIHE B8N m/z 469.101 9 [M—
HI» 2 73508 CiiH26013S « HIRFIERE - mi/z
387.130 0 [M—H—H,SOs] HEM A AR N =4 -
m/z387.130 0 5 SCHERFRIE R Wy BBk E
W —3, HABREF m/z 225.077 1 [M—H—H,S03—
Glc] '+ 179.056 5 [M—H—H>S0;—Glc—H,0—COJ 5
SCRRFRE 20 I S B RO 80 X B SCHERTR
AN AP 16 W TR T 4 R rh 1 S
5PERER R AE 1,2 IRk BRER =40 o

BP0 17 F18 (ST B TR m/z 825.213 1
[M—H]", fREEE2508 15.33. 16.15 min, Tl
73 F RN C33Ha6022S. HRFIERE T m/z 743.235 9
[M—H—H,SOs] HEM A AR BRI =4, e 5
SCRRFRE OB AR T A A T TFIE—5, K
A IR 1 m/z 563.180 7 [M—H—H,S03—Gle—
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Fig. 4 Possible chemical structures and fragmentation pathways of compounds 14 and 15
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Fig. 5 Possible formationpathway of compounds 14 and 15
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Fig. 6 Possible chemical structures and fragmentation pathways of compounds 21—23
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Fig. 7 Extract ion chromatograms of preparative compound (A) and compound 3 in sample solution (B)
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Fig. 8 ESI-MS/MS spectra of preparative compound (A) and compound 3 in sample solution (B)
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Fig. 9 'H-NMR spectra of compound 3 and chlorogenic acid
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®3 (S 3 MERRE 'H-NMR IEES)3E
Table 3 "H-NMR peaks assignment of compound 3 and chlorogenic acid

. OH

el F AR

2 1.93,2.08 (2H, m) 1.97, 2.08 (2H, m)

6 1.97, 2.12 (2H, m) 1.99, 2.11 (2H, m)

4 3.81 (1H, dd, J = 2.8, 9.2 Hz) 3.74 (1H, dd, J = 3.2, 8.8 Hz)

5 4.15 (1H, m) 4.12 (1H, m)

3 5.23 (1H, td, J = 4.4, 10.4 Hz) 5.15 (1H, td, J = 4.4, 8.8 Hz)

8 6.24 (1H, d, J = 15.6 Hz) 6.14 (1H, d, J = 16.0 Hz)

5 6.89 (1H, d, J = 8.8 Hz) 6.77 (1H, d, J = 8.4 Hz)

6 7.10 (1H, d, J = 8.8 Hz) 6.92 (1H, d, J = 8.4 Hz)

> _ 6.98 (1H, brs)
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Fig. 10 Fragmentation pathways of compound 3
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Fig. 11 Transformation pathway of compound 3
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AHP- AHP-
HF &Y CRITIC | #)F &% CRITIC
N N

1 12 58.92 13 7 39.37

2 3 53.16 14 6 38.79

3 17 52.41 15 13 36.99

4 18 46.47 16 23 34.36

5 45.60 17 22 32.45

6 44.86 18 21 32.40

7 20 42.74 19 10 28.13

8 19 41.55 20 8 27.36

9 4 41.32 21 9 26.46

10 15 40.11 22 11 18.55

11 14 39.85 23 16 14.37

12 5 39.51
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