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[ABSTRACT] Lonicerae  Japonicae  Flos  (LJF),  a  kind  of  traditional  Chinese  medicines  (TCMs),  has  functions  of  detoxifying  and
evacuating heat. In the study, a method based on ultra-high performance liquid chromatography coupled with linear ion trap-Orbitrap
mass  spectrometry  (UHPLC-LTQ-Orbitrap  MS)  was  developed  for  the  chemical  constituent  analysis  of  organic  acids,  flavonoids,
iridoids and new-generated compounds in sulfur-fumigated LJF (SF-LJF). Based on the accurate mass measurement (< ± 5 ppm), chro-
matographic behavior and diagnostic product ions (DPIs), 113 constituents were unambiguously or tentatively characterized from SF-
LJF extract, including 46 chlorogenic acids, 19 flavonoids, 29 iridoid glycosides and 19 newly-generated compounds (including 17 sul-
fur-containing derivatives). In addition, 5-CQA (5-caffeoylquinic acid, chlorogenic acid) was chosen to be sulfur-fumigated for the res-
ult validation. It was found that the most significant change of LJF after sulfur fumigation was the occurrence of sulfate or sulfite ester-
ification reactions, which resulted in the emergence of many new sulfur-containing components. Our results demonstrated that the es-
tablished method was a useful and efficient analytical tool to comprehensively characterize the material basis of SF-LJF, and also an
excellent guidance of quality control about LJF.

[KEY WORDS] Sulfur fumigation; Lonicerae Japonicae Flos; Chemical components analysis; UHPLC-LTQ-Orbitrap MS
[CLC Number] R917       [Document code] A       [Article ID] 2095-6975(2020)02-0148-13

Introduction

Lonicerae Japonicae Flos (LJF, also named as Jinyinhua
in  Chinese)  originates  from  the  dried  buds  or  blooming
flowers of Lonicera japonica Thunb. [1]. As a kind of famous
traditional Chinese  medicine  (TCM),  LJF  is  mainly  distrib-

uted in China,  Japan and Southeast  Asia.  It  has been widely
used  as  TCM  owing  to  its  various  pharmacological  effects
such as anti-inflammatory, anti-allergic, anti-virus, anti-oxid-
ation,  which  was  also  commonly  known  as  “antibiotics  in
TCMs ”  [2-4].  Additionally,  LJF  containing  organic  acids,
flavonoids, iridoids and volatile oils has been universally em-
ployed  to  treat  carbuncle,  throat  arthralgia,  erysipelas,  heat
toxin,  hemorrhagic  dysentery,  wind-heat  cold,  febrile  fever
and the other symptoms for several thousands of years [5-7]. In
a word, LJF is proverbially applied in food, cosmetics, spices
and ornamental plants, and so on.

The  traditional  processing  methods  of  LJF  are  sun  or
shade drying,  while  the  modern  methods  have  spring  up  in-
cluding steam drying, hot air drying, hot air-microwave com-
bination drying and sulfur fumigation, etc. Among them, sul-
fur  fumigation has been applied to pretreat  LJF during post-
harvest handling  stage  in  order  to  preserve  color  and  fresh-
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ness,  keep  moist  and  prevent  moulds  and  insects [8]. Al-
though sulfur fumigation has been also applied to many other
TCMs,  such  as  Dioscoreae  Rhizome  (Shan-Yao),  Angelicae
Dahuricae Radix (Bai-Zhi) and Chrysanthemi Flos (Ju-Hua),
the  quality  problems  including  chemical  transformation,
heavy metal  and sulfur-dioxide residues  brought  from sulfur
fumigation have  frequently  occurred,  which  may  cause  seri-
ous  harm  to  human  liver,  kidney  and  the  other  organs [9-10].
Although  sulfur  fumigation  has  been  officially  restricted  in
China since 2005 [11], some illicit  herbal  farmers  and whole-
salers  still  misuse  it  during  the  post-harvest  handling  and
storage of LJF. To our best knowledgement, the comprehens-
ive chemical transformations in SF-LJF have not been avail-
able until now.

As more and more attentions have been paid to the food
and drug safety, various satisfactory analytical methods have
been developed in last two decades. Recently, ultra-high per-
formance  liquid  chromatography  coupled  with  high-resolu-
tion  mass  spectrometry  (UHPLC-HRMS)  has  bloomed  into
a powerful  approach  for  the  rapid  identification  of  constitu-
ents  in  TCMs.  LTQ-Orbitrap  analytical  platform,  which
could offer multi-stage ESI-MSn mass spectra using data-de-
pendent  analysis  and  accurate  mass  measurements  within
mass error of 5 ppm, benefits the analysis of small molecules
in  TCMs [12-15]. Meanwhile,  a  full  scan  mass  spectrum  ac-
quired with a mass resolution of 30 000 (FWHM, calculated
for m/z 200)  for  Orbitrap  only  needs  0.4  s,  and  provides  no
less than 25 data points across a peak of width at baseline of
10  s.  Based  on  the  above  superiorities,  UHPLC-LTQ-Orbit-
rap  MS  can  provide  reliable  and  effective  technical  support
for TCMs component analysis.

In this study, we firstly established the laboratory simula-
tion method to obtain SF-LJF samples, and then developed an
UHPLC-LTQ-Orbitrap MS-based  analytical  method to  com-
prehensively  profile  the  chemical  constituents  in  non-sulfur-
fumigated LJF (NSF-LJF) and SF-LJF (Fig. 1).

Materials and Methods

Chemicals and reagents
NSF-LJF sample  (specification:  500  g/bag,  batch  num-

ber:  20170526)  was  purchased  from co-operative  farmers  in
authenticated  region  named  Pingyi  city,  Shandong  province
in China. The identity of NSF-LJF sample was authenticated

to be the dried buds or blooming flowers of Lonicera japon-
ica Thunb. by  histological  and  morphological  methods  ac-
cording  to  monograph  of  Chinese  Pharmacopoeia  (version
2015) by Prof. ZHANG Yuan in Beijing University of Tradi-
tional Chinese Medicine. The voucher specimen of NSF-LJF
was deposited in  School  of  Chinese  Pharmacy,  Beijing Uni-
versity of  Chinese  Medicine,  Beijing  city,  China.  Acetoni-
trile, methanol and formic acid of LC-MS grade were all pur-
chased from Thermo Fisher Scientific (Fair Lawn, NJ, USA).
All the other chemicals of analytical grade were provided by
Beijing  Chemical  Works  (Beijing,  China).  Deionized  water
used  throughout  the  experiment  was  purified  by  Milli-Q
Gradient  Å  10  System  (Millipore,  Billerica,  MA,  USA).
Grace PureTM SPE C18-Low solid-phase extraction cartridges
(200  mg/3  mL,  59  μm,  70  Å)  were  purchased  from  Grace
Davison Discovery Science (Deerfield, IL, USA).

Sixteen  reference  substances  including  seven  organic
acids, i.e. caffeic  acid,  chlorogenic  acid  (5-caffeoylquinic
acid, 5-CQA), neochlorogenic acid (3-caffeoylquinic acid, 3-
CQA),  cryptochlorogenic  acid  (4-caffeoylquinic  acid,  4-
CQA),  isochlorogenic  acid  A  (3,  5-dicaffeoylquinic  acid,  3,
5-CQA), isochlorogenic acid B (3, 4-dicaffeoylquinic acid, 3,
4-CQA)  and  isochlorogenic  acid  C  (4,  5-dicaffeoylquinic
acid, 4, 5-CQA); six flavonoids, i.e. chrysoeriol-7-O-neohes-
peridin, hyperoside, lonicerin, rutin, luteolin-7-O-β-D-glucos-
ide and tricin-7-O-β-D-glucopyranoside; three iridoid glycos-
ides, i.e. sweroside,  secologanoside  and  secoxyloganin  were
purchased  from  Chengdu  Must  Biotechnology  Co.,  Ltd.
(Sichuan, China). All of their purities were determined to be
no less than 98% by HPLC-DAD normalization of the chro-
matographic peak areas.
Preparation of SF-LJF and SF-5-CQA using laboratory sim-
ulation method

The obtained NSF-LJF sample was evaluated using acid
distillation-iodimetric  titration  method  according  to  Chinese
Pharmacopoeia (version  2015).  SF-LJF  samples  were  pre-
pared in laboratory following the modified procedures simil-
ar  to  that  performed  by  illicit  wholesalers [16]:  LJF  powders
(200 g) were wetted with 20 mL water, and then put to stand
for 0.5 h. Sulfur powders (20 g) were heated until it  burned,
and then the burning sulfur and wetted LJF powders were re-
spectively put into the lower and upper layer of a desiccator.
The desiccator was kept closed for 12 h. The SF-LJF samples
were dried in a ventilated drying oven at 40 ºC for 12 h. In or-
der  to  eliminate  the  differences  generated  from  sample
sampling,  the  SF  procedure  was  carried  out  three  times  in
parallel, and then the equivalent samples were mixed finally.

The preparation method of SF-5-CQA: 5-CQA reference
substances  (0.5,  1.0,  2.0,  2.5  and  5  mg)  were  respectively
weighed,  and  each  sample  was  then  thoroughly  mixed  with
5.0  mg  dextrin.  Then  SF-5-CQA  was  prepared  according  to
the abovementioned preparation method.
Preparation of SF and NSF-LJF extract

The NSF-LJF (50 g) was extracted three times with 500
mL  water  under  reflux  for  2  h  each.  The  combined  solvent
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Fig.  1     The  samples  of  Lonicerae  Japonicae  Flos  (LJF,  A)
and sulfur-fumigated Lonicerae Japonicae Flos (SF-LJF, B)
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was  evaporated  under  reduced  pressure  to  obtain  100  mL
solution. Adequate ethanol was added in the mixture until the
ethanol concentration reached up to 75%. And then, the mix-
ture was stored under 4 ºC for 24 h. Finally, the solution was
filtered and concentrated into the volume of 10 mL. Further-
more, the preparation method for SF-LJF extract was carried
out using the same method mentioned above.
Solution preparation

Standard solution:  Each  reference  standard  was  accur-
ately weighed, dissolved in methanol to produce the standard
solutions,  which were stored in the refrigerator  at  4 ºC prior
to  analysis.  The  mixed  standard  solution  was  diluted  into  a
suitable working solution before it was used.

Sample  solution:  NSF-LJF  (1  mL)  and  SF-LJF  samples
(1  mL)  were  respectively  added  into  SPE  cartridges  which
were orderly pretreated with methanol (5 mL) and deionized
water (5  mL).  And  then,  the  SPE  cartridges  were  success-
ively  washed  with  deionized  water  (5  mL)  and  methanol  (3
mL). The  methanol  eluates  were  collected  and  then  centri-
fuged at 14 000 r·min−1 for 15 min, respectively. The super-
natants were used for the successive LC-MS analysis.

The solution of SF-5-CQA: The proper amount of SF-5-
CQA reference  substance  was  weighed and then its  solution
was made in the same way as above.
LC-MS conditions

The chromatographic analysis was performed on an Ulti-
mate  3000  UHPLC  system  (Thermo  Fisher  Scientific,  MA,
USA),  which  was  equipped  with  a  binary  pump,  an  auto-
sampler,  and  a  column  compartment.  The  chromatographic
separation  was  carried  out  using  Waters  ACQUITY  UPLC
HSS T3 C18 column (2.1 mm × 100 mm, 1.8 μm; Waters Cor-
poration,  Milford,  MA, USA) at  40 ºC.  Acetonitrile  (solvent
B)  and  0.5% formic  acid  (FA)  aqueous  solution  (solvent  A)
were used as the mobile phases. The flow rate was set to 0.30
mL·min−1 with a linear gradient as follows: 0−2 min, 5%−8%
B;  2−7  min,  8%−10% B;  7−12  min,  10%−12% B;  12−15
min,  12%−16% B;  15−24  min,  16%−25% B;  24−26  min,
25%−95% B;  26−29  min,  95% B;  29−30  min,  95%−5% B;
30−33 min, 5% B. The injection volume was 5 μL.

HRMS spectral analysis was executed on an LTQ-Orbit-
rap Velos Pro  mass  spectrometer  (Thermo  Fisher  Scientific,
MA,  USA)  equipped  with  an  electrospray  ion  (ESI)  source.
The  optimized  operating  parameters  in  negative  ion  mode
were set as follows: sheath gas flow rate of 30 arb, auxiliary
gas flow rate of 10 arb, capillary voltage of −35 V, electros-
pray voltage of 3.0 kV, tube lens voltage of −110 V and ca-
pillary temperature of 300 ºC. The constituents were detected
using full-scan MS analysis  from m/z 100−1500 at  a  resolv-
ing power of 30 000. Data-dependent ESI-MS2 analyses were
triggered by the top three abundant ions while ESI-MS3 ana-
lyses  of  the  most-abundant  product  ions  were  followed.  The
collision energy for  CID which was performed in LTQ with
an activation of 0.25q and activation time of 30 ms was set to
40%. The isolation width was 2 amu, and the normalized col-
lision  energy  was  set  to  35%.  The  dynamic  exclusion  (DE)

was used to prevent duplication. The repeat count was set at 5
and the dynamic repeat  time was 30 s  with the dynamic ex-
clusion duration at 60 s.
Data processing

Thermo Xcalibur  2.1  workstation  (Thermo  Fisher  Sci-
entific, MA,  USA)  was  used  for  data  acquisition  and  pro-
cessing. In  order  to  acquire  as  many  fragment  ions  as  pos-
sible, we targeted the peaks with intensity over 10 000 in neg-
ative ion mode for structural identification. Based on the ac-
curate measurement,  potential  element  compositions  and oc-
currence of possible reactions, the predicted atoms for chem-
ical formulas of all the deprotonated molecular ions were set
as follows: C [0−50], H [0−100], O [0−30], S [0−2], N [0−3]
and Ring Double Bond (RDB) equivalent  value [0−15].  The
maximum mass  errors  between  the  measured  and  calculated
values were fixed within 5 ppm. All the relevant data includ-
ing  peak  number,  retention  time,  accurate  mass,  predicted
chemical formula  and  corresponding  mass  error  were  recor-
ded.

Results and Discussion

A  sensitive  and  validated  method  based  on  UHPLC-
LTQ-  Orbitrap  MS  was  developed  for  the  comprehensive
analysis of chemical constituents in SF-LJF (Fig. 2). The total
ion chromatograms (TICs) of NSF-LJF and SF-LJF were ob-
tained in negative ion mode (Fig.  3). According to the chro-
matographic retention  behaviors,  accurate  mass  measure-
ments, mass fragmentation patterns and previous relevant lit-
eratures, 113 chemical constituents were positively and tent-
atively  characterized  from  SF-LJF  extract,  including  46
chlorogenic acids  (CGAs),  19  flavonoids,  29  iridoid  glycos-
ides and  19  newly-generated  compounds  (including  17  sul-
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Fig.  2     The  summary  diagram  of  analytical  strategy  for
identification of chemical constituents in SF-LJF
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fur-containing  derivatives).  Among  them,  16  constituents
were unambiguously identified (Table 1).
Structural identification of CGAs in SF-LJF extract

We have previously summarized the DPIs for  CGAs on
the basis  of  high-resolution  and  low-resolution  MS  data  ac-
quired.  For  example,  DPIs  for  CQAs were  determined to  be
the characteristic ions at m/z 191 [quinic acid − H]–, 179 [caf-
feic acid − H]– and 173 [quinic acid − H − H2O]–. Meanwhile,
the fragment ions at m/z 677 [TriCQA − H]–, 515 [DiCQAs −
H]– and 353  [CQA − H]– were also  determined  as  the  addi-
tional DPIs. As CGAs could be regarded as a series of esters
which are formed by quinic acid and one or more certain cin-
namic  acids,  the  fragmentation  pathways  of  the  other  CGAs
such  as pCoQA,  FQA,  and  SQA  should  possess  the  similar
mass fragmentation pathways with those of CQAs. Therefore,
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Fig.  3     The  TIC  chromatograms  of  SF-LJF  (A)  and  NSF-
LJF (B) in negative ion mode
 

 
Table 1    Identification of chemical constituents in SF-LJF using UPLC-LTQ-Orbitrap MS

Peak tR/min
Formula
[M − H]–

Theoretical
mass m/z

Experimental
mass m/z

Error
(ppm)

MS/MS Fragment ions Identification/Reactions

A1 6.18 C16H17O8 337.0918 337.0926 –0.59 163 (100), 191 (9), 173 (5) 3-pCoQA

A2 10.42 C16H17O8 337.0918 337.0926 –0.59 191 (100), 163 (6) 5-pCoQA

A3 10.93 C16H17O8 337.0918 337.0924 –1.19 173 (100), 191(68), 163(10) 4-pCoQA

A4# 4.45 C16H17O9 353.0867 353.0864 –0.96 191(100), 179 (52), 135 (9) 3-CQA

A5# 6.95 C16H17O9 353.0867 353.0865 –0.44 191 (100), 179 (4), 135 (1) 5-CQA

A6# 7.77 C16H17O9 353.0867 353.0872 1.53
173 (100), 179 (61),

191(17)
4-CQA

A7 7.71 C17H19O9 367.1024 367.1021 –0.71 193 (100), 173 (8) 3-FQA

A8 12.94 C17H19O9 367.1024 367.1021 –0.71 191 (100), 193 (5) 5-FQA

A9 13.28 C17H19O9 367.1024 367.1022 –0.54 173 (100), 191 (21) 4-FQA

A10 5.84 C18H21O10 397.1129 397.1128 –0.28 191 (100), 173 (14) 3-SQA

A11 6.63 C18H21O10 397.1129 397.1127 –0.58 223 (100), 173 (19) 5-SQA

A12 17.69 C25H23O11 499.1235 499.1232 –0.66
353 (100), 335 (27), 337

(28)
5-pCo-4-CQA

A13 18.88 C25H23O11 499.1235 499.1233 –0.48 353 (100), 337 (8) 1-pCo-4-CQA

A14 22.61 C25H23O11 499.1235 499.1231 –0.72 337 (100), 173 (2) 4-pCo-1-CQA

A15 23.00 C25H23O11 499.1235 499.1233 –0.48 337 (100), 173 (6) 4-pCo-1-CQA

A16 23.21 C25H23O11 499.1235 499.1234 –0.12 353 (100), 337 (25) 5-pCo-3-CQA

A17 23.46 C25H23O11 499.1235 499.1233 –0.48 353 (100), 337 (17) 5-pCo-3-CQA

A18 24.89 C25H23O11 499.1235 499.1233 –0.48 337 (100), 335 (7) 3-pCo-5-CQA

A19 25.15 C25H23O11 499.1235 499.1230 –1.02 353 (100), 337 (17), 337 (9) 3-pCo-4-CQA

A20# 20.30 C25H23O12 515.1184 515.1176 –1.53 353 (100), 335 (9) 3, 4-DiCQA

A21# 20.80 C25H23O12 515.1184 515.1177 –1.28 353 (100), 434 (5) 3, 5-DiCQA

A22# 22.39 C25H23O12 515.1184 515.1180 –0.82 353 (100), 173 (5) 4, 5-DiCQA

A23 3.26 C22H27O14 515.1395 515.1387 –1.49
353 (100), 191 (25), 179

(20)
1/5-CQA glycoside

A24 4.23 C22H27O14 515.1395 515.1392 –0.54 353 (100), 191 (75), 323 (6) 1/5-CQA glycoside

A25 5.26 C22H27O14 515.1395 515.1391 –0.78
353 (100), 341 (35), 455

(29)
3-CQA glycoside
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Continued        

Peak tR/min
Formula
[M − H]–

Theoretical
mass m/z

Experimental
mass m/z

Error
(ppm)

MS/MS Fragment ions Identification/Reactions

A26 5.92 C22H27O14 515.1395 515.1394 –0.19
353 (100), 323 (28), 191

(25)
4-CQA glycoside

A27 7.06 C22H27O14 515.1395 515.1391 –0.78
353 (100), 191 (84), 395

(23)
3-CQA glycoside

A28 7.45 C22H27O14 515.1395 515.1391 –0.78
323 (100), 191 (32), 353

(24)
4-CQA glycoside

A29 23.78 C26H25O12 529.1341 529.1337 –0.81
367 (100), 173 (35), 335

(18)
3-C-4-FQA

A30 24.55 C26H25O12 529.1341 529.1333 –1.51 367 (100), 349 (4) 5-C-3-FQA

A31 25.81 C26H25O12 529.1341 529.1332 –1.63 367 (100), 179 (9) cis-5-C-3-FQA

A32 5.40 C23H29O14 529.1552 529.1542 –1.81
367 (100), 485 (82), 191

(69)
4-FQA glycoside

A33 6.65 C23H29O14 529.1552 529.1542 –1.81
367 (100), 191 (66), 409

(13)
1/5-FQA glycoside

A34 14.85 C23H29O14 529.1552 529.1545 –1.36 367 (100), 337 (51) 4-FQA glycoside

A35 15.36 C23H29O14 529.1552 529.1545 –1.36 367 (100) 4-FQA glycoside

A36 19.22 C23H29O14 529.1552 529.1545 –1.36 367 (100), 191 (51) 1/5-FQA glycoside

A37 16.67 C31H33O17 677.1712 677.1716 0.63 515 (100), (75), 225 (20) DiCQA-glycoside

A38 18.04 C31H33O17 677.1712 677.1693 –2.79
515 (100), 353 (64), 335

(60)
DiCQA-glycoside

A39 26.55 C34H29O15 677.1501 677.1484 –2.54 515 (100), 353 (6) cis-1, 3, 5-TriCQA

A40 4.49 C9H7O4 179.0339 179.0344 2.76 135 (100), 161 (7) caffeic acid isomer

A41# 7.77 C9H7O4 179.0339 179.0435 3.71 135 (100), 161 (2) caffeic acid

A42 3.72 C7H5O4 153.0182 153.0191 3.45 109 (100) PCA isomer

A43 6.22 C7H5O4 153.0182 153.0191 3.45 109 (100), 125 (3) PCA isomer

A44 7.80 C7H5O4 153.0182 153.0193 3.69 135 (100), 109 (77), 125 (2) PCA isomer

A45 8.27 C9H7O2 147.0441 147.0454 4.20
103 (100), 129 (41), 119

(12)
cinnamic acid isomer

A46 14.32 C9H7O2 147.0441 147.0449 4.46
129 (100), 119 (60), 103

(48)
cinnamic acid isomer

B1# 19.00 C21H19O11 447.0921 447.0900 –4.89
285 (100), 327 (3), 401 (1),

285 (1)
luteolin-7-O-glucoside

B2 21.00 C21H19O11 447.0921 447.0901 –4.62
285 (100), 284 (78), 327

(15), 255 (8)
luteolin-7-O-glucoside

isomer

B3 18.80 C27H29O15 593.1501 593.1472 –4.85
285 (100), 269 (2), 447 (1),

327 (1)
lonicerin isomer

B4 19.71 C27H29O15 593.1501 593.1467 –3.67
285 (100), 447 (67), 284

(22), 327 (9), 429 (5)
lonicerin isomer

B5# 20.50 C27H29O15 593.1501 593.1471 –3.06
285 (100), 284 (7), 257 (4),

327 (3)
lonicerin

B6# 22.78 C23H23O12 491.1184 491.1170 –1.40
476 (100), 329 (46), 328

(8), 314 (6)
tricin-7-O-D-

glucopyranoside

B7 18.19 C21H19O12 463.0871 463.0842 –3.95
301 (100), 342 (6), 300 (3),

445 (1)
hyperoside isomer

B8# 18.72 C21H19O12 463.0871 463.0841 –3.52
301 (100), 300 (29), 343

(3), 179 (2)
hyperoside

B9 16.67 C27H29O16 609.1450 609.1436 –2.39 285 (100), 447 (3), 301 (1) rutin isomer

B10 17.84 C27H29O16 609.1450 609.1429 –3.40
301 (100), 300 (64), 271

(10)
rutin isomer

B11# 18.29 C27H29O16 609.1450 609.1408 –3.99
301 (100), 300 (40), 342

(8), 271 (6), 255 (4)
rutin

B12# 22.67 C28H31O15 607.1657 607.1632 –4.27
299 (100), 284 (28), 443

(5), 285 (4), 487 (3)
chrysoeriol-7-O-β-D-

neohesperidoside
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Peak tR/min
Formula
[M − H]–

Theoretical
mass m/z

Experimental
mass m/z

Error
(ppm)

MS/MS Fragment ions Identification/Reactions

B13 20.61 C22H21O11 461.1078 461.1066 –2.68
299 (100), 432 (86), 280
(81), 270 (51), 227 (42)

chrysoeriol-7-O-β-D-
glucopyranosyl isomer

B14 22.51 C22H21O11 461.1078 461.1064 –3.16
299 (100), 446 (96), 284

(7), 341 (5)
chrysoeriol-7-O-β-D-

glucopyranosyl isomer

B15 22.77 C22H21O11 461.1078 461.1062 –3.48
299 (100), 446 (75), 225
(42), 207 (20), 425 (20)

chrysoeriol-7-O-β-D-
glucopyranosyl isomer

B16 21.19 C28H31O16 623.1607 623.1590 –2.67
315(100), 300(18), 271(5),

255(3), 314(3)
isorhamnetin-3-O-β-D-

rutinoside
B17 20.95 C27H29O14 577.1551 577.1527 –4.28 269 (100), 531 (2), 559 (1) rhoifolin isomer

B18 21.81 C27H29O14 577.1551 577.1525 –4.69 269 (100), 413 (5), 431 (3) rhoifolin isomer

B19 21.74 C22H21O12 477.1027 477.1017 –1.07
314 (100), 315 (30), 357

(20), 285 (7)
isorhamnetin-3-O-β-D-

glucopyranoside

C1 10.71 C17H23O11 403.1235 403.1277 –2.07
357 (100), 195 (55), 179
(39), 125 (24), 161 (7)

secologanin isomer

C2# 14.35 C17H23O11 403.1235 403.1233 –0.57
371 (100), 223 (39), 179

(26), 121 (5), 333 (5)
secologanin

C3 4.27 C17H23O10 387.1286 387.1276 –2.54
225 (100), 343 (31), 355
(23), 181 (17), 197 (18)

7-epi-vogeloside isomer

C4 13.77 C17H23O10 387.1286 387.1275 –2.69
225 (100), 355 (28), 181

(21), 343 (17)
7-epi-vogeloside isomer

C5 14.55 C17H23O10 387.1286 387.1281 –1.27
225 (100), 355 (27), 343

(23), 181 (22)
7-epi-vogeloside isomer

C6 2.99 C16H21O11 389.1078 389.1066 –3.25
165 (100), 209 (97), 227
(72), 345 (72), 139 (69)

secologanoside isomer

C7 3.82 C16H21O11 389.1078 389.1071 –1.99
227 (100), 183 (92), 165
(51), 121 (25), 209 (15)

secologanoside isomer

C8# 7.29 C16H21O11 389.1078 389.1062 –4.13
345 (100), 209 (21), 121

(14), 165 (13)
secologanoside

C9 7.57 C16H21O9 357.1180 357.1186 –0.55 195 (100), 237 (2), 313 (1) sweroside isomer

C10# 10.67 C16H21O9 357.1180 357.1178 –0.17 195 (100), 237 (8), 313 (2) sweroside

C11 10.76 C16H21O9 357.1180 357.1177 –0.29 195 (100), 237 (5), 313 (3) sweroside isomer

C12 4.19 C16H23O10 375.1286 375.1281 –1.23
213 (100), 125 (30), 169

(9), 151 (8), 315 (5)
loganin acid isomer

C13 4.84 C16H23O10 375.1286 375.1279 –1.17
213 (100), 169 (63), 151

(19), 125 (5)
loganin acid

C14 5.84 C16H23O10 375.1286 375.1273 –3.34 213 (100), 169 (17), 151 (4) loganin acid isomer

C15 6.62 C16H23O10 375.1286 375.1278 –2.03
195 (100), 151 (79), 121

(23)
loganin acid isomer

C16 6.62 C17H25O11 405.1391 405.1393 0.27
243 (100), 373 (87), 225
(34), 285 (26), 387 (7),

7α-morroniside isomer

C17 7.22 C17H25O11 405.1391 405.1398 –0.61
373 (100), 225 (31), 387

(11), 193 (10)
7α-morroniside isomer

C18 13.70 C17H25O11 405.1391 405.1389 –0.46
373 (100), 179 (68), 211
(36), 225 (33), 387 (10)

7α-morroniside isomer

C19 14.48 C17H25O11 405.1391 405.1388 –0.93
373 (100), 225 (17), 371

(9), 179 (8), 387 (2)
7α-morroniside isomer

C20 2.14 C16H21O10 373.1129 373.1119 –1.01
193 (100), 149 (28), 167

(7), 179 (4)
swertiamarin isomer

C21 7.89 C16H21H10 373.1129 373.1128 –0.16
193 (100), 149 (27), 167

(7), 179 (3), 123 (3)
swertiamarin

C22 5.30 C16H21H10 373.1129 373.1128 –0.16
211 (100), 167 (38), 149
(16), 123 (12), 193 (11)

secologanic acid

C23 22.45 C34H45O19 757.2549 757.2529 –2.02
595 (100), 525 (93), 493

(49), 577 (20)
centauroside isomer

C24 23.67 C34H45O19 757.2549 757.2526 –2.26
595 (100), 525 (53), 493

(34), 577 (11)
centauroside isomer
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Peak tR/min
Formula
[M − H]–

Theoretical
mass m/z

Experimental
mass m/z

Error
(ppm)

MS/MS Fragment ions Identification/Reactions

C25 4.20 C17H25O12 421.1340 421.1339 –0.48
241 (100), 375 (99), 165
(44), 377 (24), 331 (18),

403 (16), 259 (15)
alpigenoside isomer

C26 4.57 C17H25O12 421.1340 421.1347 1.53
241 (100), 389 (18), 139

(12), 127 (6), 179 (5), 165
(6), 259 (2)

alpigenoside isomer

C27 4.81 C17H25O12 421.1340 421.1335 –1.21
241 (100), 389 (21), 139

(12), 179 (8), 127 (8), 259
(4)

alpigenoside isomer

C28 5.84 C17H25O12 421.1340 421.1338 –0.55
241 (100), 389 (17), 139

(11), 179 (8), 377 (11), 127
(6), 259 (2)

alpigenoside isomer

C29 16.33 C18H25O11 417.1391 417.1390 –0.06
341 (100), 237 (10), 179

(9), 255 (6)
dimethyl-secologanoside

D1* 3.15 C16H21O12S 437.0748 437.0720 –1.52
193 (100), 149 (46), 373

(19), 355 (5)
secologanic acid + SO2

D2* 1.93 C16H23O13S 455.0854 455.0836 –0.69
373 (100), 411 (32), 437
(29), 193 (17), 211 (8)

secologanic acid sulfite
esterification

D3* 2.15 C16H23O13S 455.0854 455.0822 –0.80
373 (100), 437 (62), 411
(37), 193 (22), 211 (19)

secologanic acid sulfite
esterification

D4* 1.81 C16H23O11 391.1234 391.1231 –1.62
229 (100), 211 (39), 193
(20), 185 (17), 167 (10),

149 (8)

secologanic acid +
H/H2Odification

D5* 2.45 C16H23O11 391.1234 391.1255 –0.80
211 (100), 229 (27), 193

(15), 167 (10), 149 (8), 185
(2)

secologanic acid +
H/H2Oacidification

D6* 1.63 C16H17O12S 433.0435 433.0429 –1.34
241 (100), 415 (25), 353

(21), 161 (7), 191 (7), 287
(7)

CQA sulfation

D7* 2.53 C16H17O12S 433.0435 433.0427 –1.99
415 (100), 387 (32), 353
(21), 241 (18), 353 (13)

CQA sulfation

D8* 2.66 C16H17O12S 433.0435 433.0433 –0.44
241 (100), 415 (24), 387
(19), 259 (11), 353 (10)

CQA sulfation

D9* 4.62 C16H17O12S 433.0435 433.0430 –1.14
415 (100), 387 (15), 259

(10)
CQA sulfation

D10* 5.01 C16H17O12S 433.0435 433.0424 –2.74
415 (100), 241 (23), 161

(12), 259 (8), 387 (3)
CQA sulfation

D11* 1.12 C16H19O12S 435.0591 435.0574 –1.74 353 (100), 191 (12), 179 (5) CQA sulfite esterification

D12* 16.70 C25H23O15S 595.0752 595.0750 –0.44
549 (100), 577 (91), 415

(9), 241 (5), 259 (4)
DiCQA sulfation

D13* 16.98 C25H23O15S 595.0752 595.0748 –0.65
549 (100), 577 (77), 415

(7), 301 (4), 397 (2)
DiCQA sulfation

D14* 17.61 C25H23O15S 595.0752 595.0737 –2.49
577 (100), 549 (22), 415

(18), 433 (15), 241 (4), 259
(4)

DiCQA sulfation

D15* 17.89 C25H23O15S 595.0752 595.0745 –1.27
577 (100), 549 (21), 415

(8), 433 (5), 259 (2)
DiCQA sulfation

D16* 19.38 C25H23O15S 595.0752 595.0745 –1.27
577 (100), 549 (77), 415

(11), 433 (6), 397 (3)
DiCQA sulfation

D17* 8.73 C21H19O15S 543.0439 543.0431 –1.41
463 (100), 381 (75), 453
(35), 423 (32), 525 (18),

301 (14)
hyperoside sulfation

D18* 12.76 C21H19O15S 543.0439 543.0432 –1.30
381 (100), 301 (18), 381

(9), 463 (1)
hyperoside sulfation

D19* 17.34 C21H19O14S 527.0490 527.0494 0.83 447 (100), 285 (7), 481 (3)
luteolin-7-O-glucoside

sulfation

A: chlorogenic acids; B: flavonoids; C: iridoid; D*: newly-generated compounds#: Unambiguously identification
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[M − H]– ions of CGAs could easily eliminate cinnamic acid
moiety, quinic acid moiety and H2O to afford their respective
DPIs, which could provide supplementary information for the
structural identification  of  CGAs.  In  brief,  there  were  four-
teen  kinds  of  identified  CGAs  including  three  CQAs,  three
pCoQAs,  three  FQAs,  two  SQAs,  three  DiCQAs,  six  CQA
glycosides,  three CFQAs,  five FQA glycosides,  two DiCQA
glycosides,  two  cinnamic  acids,  three  PCAs,  two  caffeic
acids, eight pCoCQAs and one TriCQA from the SF-LJF ex-
tract.

Compounds A4−A6 produced  [M  −  H]–  ions  at m/z
353.0864,  353.0865  and 353.0872  (C16H17O9,  mass  error
within ± 5 ppm), orderly. In the ESI-MS/MS spectra, they all
generated  the  significant  ESI-MS2 DPIs  at m/z 191  [quinic
acid − H]–, 179 [caffiec acid − H]– and 173 [quinic acid − H −
H2O]– ,  which  could  be  adopted  to  confirm  compounds
A4−A6 as CQAs. According to the previous reports, the rel-
ative  intensities  of  ESI-MS2 base  peak  ion  and  dominant
product  ions  could  ascertain  the  linkage  position  of  caffeoyl
group  on  quinic  acid [17-18].  When  the  caffeoyl  group  was
linked at 4-OH position, m/z 173 would be the ESI-MS2 base
peak. When caffeoyl group was linked to quinic acid at 3-OH
or 5-OH position, m/z 191 would be the ESI-MS2 base peak
ion,  and m/z 179 was much more important  for 3-CQA than
5-CQA.  Therefore,  compounds A4−A6 were  respectively
identified  as  3-CQA,  5-CQA  and  4-CQA,  which  were  all
confirmed  by  comparison  with  the  corresponding  reference
standards.

Compounds A20−A22 possessed  their  respective  [M  −
H]–  ions  at m/z 515.1176,  515.1177  and 515.1180
(C25H23O11,  mass  error  within  ±  5  ppm).  They all  generated
[M − H − caffeoyl]– ion at m/z 353 in their ESI-MS2 spectra.
However,  their  ESI-MS3 spectra were significantly different.
A21 yielded  its  ESI-MS3 base  peak  ion  at m/z 191 and  sec-
ondary peak ion at m/z 179 (> 40%), indicating it could be at-

tributed to 3-substituted quinic acid. By comparison with the
reference  substance, A21 were  interpreted  as  3,  5-DiCQA.
The  other  product  ion  just  like  [M −  H −  Caffeoyl  −  H2O]–

ion at m/z 173 was also observed. Therefore, combined with
reference  comparison,  fragmentation  pathway  analysis  and
bibliography data [19-20], A22 was unambiguously assigned as
4,  5-DiCQA,  while A20 was  tentatively  determined  as  3,  4-
DiCQA (Fig. 4).

Compounds A23-A28 possessed  [M  −  H]–  ions  at m/z
515.1387,  515.1392  and 515.1391  (C22H27O14,  mass  error
within  ±  5  ppm),  respectively.  The HRMS data  showed that
their  [M  −  H]–  ions  could  be  reduced  by  162  Da  owing  to
CID  cracking  to  afford  [M  −  H  −  caffeoyl/Glu]–  ion  at m/z
353, [M − H − caffeoyl/Glu − H2O]– ion at m/z 335, [quinic
acid − H]– ion at m/z 191, and so on. Therefore, compounds
A23−A28 were inferred to be monocaffeyl quinic acid glyc-
osides  (CQA  glycosides).  Likewise,  compounds A37−A38
which gave [M − H]– ions at m/z 677.1716 (C31H33O17, mass
error within  ±  5  ppm)  and  similar  mass  fragmentation  path-
ways  could  be  deduced  as  DiCQA  glycosides.  Meanwhile,
compound A39 generated  its  [M −  H]– ion  at m/z 677.1501
(C34H29O15,  mass  error  within  ±  5  ppm).  After  the  collision
induced  dissociation  (CID)  cleavage,  fragment  ions  like m/z
515 [M − H − caffeoyl]– and 353 [M − H − 2caffeoyl]– could
be  observed  in  the  ESI-MS2 spectrum  indicating  the  neutral
loss of caffeoyl moiety. According to the proposed fragment-
ation patterns, compound A39 could be inferred as TriCQA.

Compounds A40−A41 possessed  their  respective  [M  −
H]– ions at m/z 179.0344 and 179.0435 (C9H7O4,  mass error
within  ±  5  ppm).  Both  compounds  yielded [M − H − CO2]

–

ion  at m/z 135  and  [M  −  H  −  H2O]–  ion  at m/z 161,  which
were consistent with caffeic acid or its isomers. Therefore, by
comparison with the standard substance, compound A41 was
accurately  interpreted  as  caffeic  acid,  while A40 was tentat-
ively deduced as caffeic acid isomer.
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Fig. 4    The proposed fragmentation pathways of 3, 4-DiCQA

 

LIU Zi-Han, et al. / Chin J Nat Med, 2020, 18(2): 148–160

– 155 –



Structural identification of flavonoids in SF-LJF extract
Flavonoids  glycosides  are  one  important  category  of

components  existing  in  LJF.  During  the  CID-MS/MS  ex-
periment,  flavonoid  glycosides  usually  first  split  up  the
glycosidic bond  and  then  produce  aglycone  ions.  Sub-
sequently,  the  aglycone  ions  would  be  cleaved  to  form  a
series  of  fragment  ion  peaks [21].  Dehydration,  successive
losses  of  CO  owing  to  the  presence  of  a  ketone  group  and
phenolic hydroxyl  groups,  Retro  Diels-Alder  (RDA)  frag-
mentation,  C-ring  fragmentation  and  loss  of  CHO·  are  the
most  possible  fragmentation  pathways [22]. For  example,  tri-
cin-7-O-β-D-glucopyranoside  generated  [M  −  Glu]–  ion  at
m/z 329  and  [M  −  H  −  Glu]–  ion  at m/z 328  in  its  CID-
MS/MS fragment  cleavage.  Meanwhile,  rhoifolin  further  re-
spectively  generated  [M  −  H  −  Rha  −  Glu]– ,  [M  −  H  −
CH2OH]– and  [M −  H −  Glu]– ion  at m/z 269,  531  and 431
upon  CID  mode.  Finally,  the  structures  of  19  flavonoids  in
the SF-LJF extract were characterized.

The  compounds B1−B2 generated  the  respective  [M  −
H]– ions at m/z 447.0900 and 447.0901 (C21H19O11, mass er-
ror within ± 5 ppm). They yielded a fragment [M − H − Glu]–

ion at m/z 285 through losing one molecule of glucose in the
ESI-MS2 spectrum, which were consistent with luteolin-7-O-
glucoside.  Therefore,  according  to  the  previous  report  and
reference,  compound B1 was  assigned  as  luteolin-7-O-gluc-
oside and B2 was inferred to be its isomer.

Compounds B3−B5 possessed  the  identical  [M  −  H]–

ions  at m/z 593.1472, 593.1467  and 593.1471  (C27H29O15,
mass  error  within  ±  5  ppm).  Upon  CID  mode,  they  further
generated  [M − H − Rha −  Glu]– at m/z 285  and [M − H −
Rha]– ion  at m/z 447,  respectively.  The  appearance  of  [M −
H − 308]– ion was corresponding to the neutral loss of one ru-
tinose  unit.  Compared  with  the  reference  standard, B5 was
positively  deduced  to  be  lonicerin.  Meanwhile,  combined
with bibliography data and fragmentation pathways, the oth-
er  two  compounds B3−B4 were  tentatively  ascertained  as
lonicerin isomers.

The  compound B6 generated  [M  −  H]–  ion  at m/z
491.1170 (C23H23O12, mass error within ± 5 ppm). In the MS2

spectrum, it produced [M − H − CH3]
– at m/z 476, [M − Glu]–

ion at m/z 329 and [M − H − Glu]– ion at m/z 328. Compared
with  the  standard  substance,  compound B6 was  accurately
deduced as a tricin- 7-O-β-D-glucopyranoside.

Compounds B7−B8 yielded  [M  −  H]–  ions  at m/z
463.0842  and 463.0841  (C21H19O12,  mass  error  within  ±  5
ppm). They further generated [M − H − Glu]– at m/z 301 and
[M − 2H − Glu]– ion at m/z 300, respectively. By comparison
with  the  standard  substance,  compound B8 was  positively
characterized as hyperoside, and B7 was inferred to be hyper-
oside isomer.

Compounds B9−B11 possessed  [M  −  H]–  ions  at m/z
609.1436, 609.1429  and 609.1408  (C27H29O16,  mass  error
within ± 5 ppm).  They all  generated [M − H − Rha − Glu]–

ion  at m/z 301  with  a  high  intensity  and  [M  −  2H  −  Rha  −
Glu]–  ion  at m/z 300  in  the  MS2 spectrum.  Compound B11

was accurately identified as rutin by comparison with the cor-
responding  reference  standard.  In  addition,  according  to  the
fragmentation  pathways  from  the  literature  data [23], com-
pounds B9−B10 were tentatively  assigned  to  be  rutin  iso-
mers.

Compounds B17−B18 yielded  [M  −  H]–  ions  at m/z
577.1527  and 577.1525  (C27H29O14,  mass  error  within  ±
5  ppm).  Upon  CID  mode,  they  further  generated  [M  −  H  −
Rha − Glu]–, [M − H − CH2OH]– and [M − H − Glu]– ion at
m/z 269,  531  and 431,  respectively.  And  thus,  compounds
B17−B18 were deduced to be quercetin or isomeric quercet-
in.

Compound B19 gave  [M  −  H]–  ion  at m/z 477.1017
(C23H23O12, mass error within ± 5 ppm). After the CID cleav-
age, its further fragmentation resulted in [[M − H − Glu]– ion
at m/z 315 and [M − H − Glu − CH3]

– ion at m/z 300, which
were consistent  with  the  characteristic  fragmentation  path-
ways of flavonoid glycosides. Based on this, compound B19
was plausibly characterized as isorhamnetin-3-O-rutinoside.
Structural identification  of  iridoid  glycosides  in  SF-LJF   ex-
tract

In this experiment, a total of 29 constituents attributed to
iridoid glycosides were screened and identified from SF-LJF
sample  according  to  their  retention  times,  ESI-MS and  ESI-
MS/MS  data.  Iridoid  glycosides  generally  contain  a  glucose
moiety attached to C-1 position in their pyran ring. The mass
spectrometry cleavage of iridoid glycosides usually lose gluc-
ose  (162  Da),  H2O  (18  Da),  CO2 (44  Da)  and  CO  (28  Da),
etc. In  addition,  methoxyl-containing  iridoid  glycosides  or-
dinarily  lose  CH3OH  (32  Da).  According  to  the  literature
data,  most  of  iridoid  glycosides  gave  [M  −  H]–  ions  as  the
base peak ions in their ESI-MS spectra [24-26].

Compounds C1−C2 possessed  predominant  [M  −  H]–

ions  at m/z 403.1277  and 403.1233  (C17H23O11,  mass  error
within ± 5 ppm). In the ESI-MS2 spectrum, C1 yielded char-
acteristic  fragment  ion  at m/z 125  originating  from  RDA
cleavage while  [M − H − Glu]– ion at m/z 195 through suc-
cessive  loss  of  one  glucose.  In  addition,  C2  further  yielded
[M − H − H2O − CO]– ion at m/z 371, [M − H − Glu − H2O]–

ion at m/z 223 and [M − H − Glu − H2O − CO2]
– ion at m/z

179, which were consistent with the characteristic fragmenta-
tion  pathways  of  secoxyloganin.  Therefore, C2 was tentat-
ively ascertained as secoxyloganin, while C1 was tentatively
presumed to be secoxyloganin isomer.

Compounds C6−C8 gave  rise  to  their  respective  [M  −
H]–  ions  at m/z 389.1066,  389.1071  and 389.1062
(C16H21O11,  mass  error  within  ±  5  ppm).  In  their  ESI-MS2

spectra, C6−C8 produced  [M  −  H  −  CO2]
–  ion  at m/z 345,

[M − H − Glu − H2O]– ion at m/z 209, [M − H − Glu − CO2]
–

ion  at m/z 165  and  [M −  H −  Glu]– ion  at m/z 227.  Further
neutral losses of H2O and CO generated [M − H − Glu − H2O
−  CO2 −  CO]–  ion  at m/z 121. According  to  the  fragmenta-
tion cleavage pathways and related literature [27],  compounds
C6−C7 were characterized to be loganin isomers. After com-
paring with the reference standard, compound C8 was accur-
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ately judged as secologanin.
Compounds C9−C11 yielded  [M  −  H]–  ions  at m/z

357.1186,  357.1178  and 357.1177  (C16H21O9,  mass  error
within  ±  5  ppm).  They all  possessed [M − H − Glu]– ion  at
m/z 195 and [M − H − CO2]

– ion at m/z 313 through losing
glucose  and  CO2 in  their  ESI-MS2 spectra.  Combined  with
standard comparison, C10 was accurately deduced as sweros-
ide,  while C9 and C11 were  characterized  to  be  sweroside
isomers.

Compounds C12−C15 gave  their  respective  [M  −  H]–

ions  at m/z 375.1281, 375.1279,   375.1273  and  375.1278
(C16H23O10,  mass  error  within  ±  5  ppm).  Upon  CID  mode,
they further generated [M − H − Glu]– ion at m/z 213, [M −
H − Glu − CO2]

– ion at m/z 169 and [M − H − Glu − CO2 −
H2O]– ion at m/z 151. However, C15 appeared to be different
from the other two compounds might due to its characteristic
[M  −  H  −  Glu  −  H2O]–  ion  at m/z 195.  Finally,  compound
C13 was accurately judged as loganic acid. Compounds C12,
C14 and C15 were characterized to be the isomers of loganic
acid.

Compounds C20−C22 gave  [M  −  H]–  ions  at m/z
373.1119, 373.1128  and 373.1118  (C16H21O10,  mass  error
within ± 5 ppm) as their respective base peak ion. In the ESI-
MS2 spectrum, C20 fragmentation pathways were quite simil-
ar  to  those  of C21 producing [M − H − Glu − H2O]– ion at
m/z 193,  [M −  H −  Glu  −  H2O − CO2]

– ion  at m/z 149  and
[M − H − Glu − CO2]

– ion at m/z 167 through losing one mo-
lecule  of  glucose,  H2O  and  CO2, orderly.  In  addition,  com-
pound C22 yielded [M − H − Glu]– ion at m/z 211, [M − H −
Glu − CO2]

– ion at m/z 169 and [M − H − Glu − CO2 − H2O]–

ion at m/z 151, respectively. And then, C21 and C20 were re-
spectively  deduced  to  be  swertiamarin  and  its  isomer,  while
C22 was deduced to be secologanic acid.

Structural  identification  of  newly-generated  compounds  in
SF-LJF extract

In  this  study,  an  UHPLC-LTQ-Orbitrap-based  method
was successfully developed for the structural identification of
sulfur-containing  constituents  in  the  SF-LJF  extract.  The
resolving  power,  accurate  mass-measurement  capability  and
full spectral sensitivity were fully reflected in this study. As a
result,  19  newly-generated  compounds  (including  17  sulfur-
containing  derivatives)  were  finally  identified  according  to
the chromatographic behavior, ESI-MS and ESI-MS/MS data
and literature reports (Fig.  5). Some original  compounds ex-
isting in NSF-LJF could generally lead to the reactions such
as  sulfation  esterification  or  sulfitation  esterification  during
the sulfur  fumigation  process.  These  new-generated  com-
pounds further  yielded  the  characteristic  fragment  ions  in-
cluding [M − H − SO2]

–,  [M − H − H2SO3]
– and [M − H −

SO3]
– in their ESI-MS2 spectra.
Secologanic  acid  is  one  of  the  main  iridoid  terpenoids

contained  in  LJF  with  hemiacetal  hydroxyl  group  in  their
molecular structures. Sulfur fumigation could reduce the con-
tent of secologanic acid and then produced sulfite derivatives
B-E [26, 28]. The possible chemical transformation mechanisms
were illustrated in Fig. 6.

Compound D1 gave rise to [M − H]– ion at m/z 437.0720
(C16H21O12S,  mass  error  within  ±  5  ppm).  It  further  yielded
[M − H − SO2 − Glu − H2O]– ion at m/z 193 and [M − H −
SO2 − Glu − H2O − CO2]

– ion at m/z 149 through successive
loss of glucose, H2O or CO2. The characteristic fragment ion
at m/z 373 [M − H − SO2]

– with the highest abundance in the
ESI-MS2 spectrum indicated that sulfur dioxide should be in-
troduced into secologanic acid. Therefore, compound D1 was
tentatively presumed to be the sulfate esterification product of
secologanic acid.
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Fig.  5     HREIC  chromatograms  of  sulfur-containing  compounds  (mass  error  within  ±  5  ppm):  (A) m/z 437.0748;  (B) m/z
455.0854; (C) m/z 391.1234; (D) m/z 433.0435, 435.0591; (E) m/z 595.0762; (F) m/z 543.0439, 527.0490
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Compounds D2−D3 yielded  [M  −  H]–  ions  at m/z
455.0836  and 455.0822  (C16H23O13S,  mass  error  within  ±  5
ppm).  In  their  ESI-MS2 spectra, the  ESI-MS/MS fragmenta-
tion  pathways  of D2 were  also  quite  similar  to  those  of D3,
since  both  of  their  further  fragmentations  resulted  in  [M  −
H − H2SO3]

– ion at m/z 373, [M − H − H2O]– ion at m/z 437,
[M − H −  CO2]

– ion  at m/z 411,  [M − H −  H2SO3 −  Glu  −
H2O]– ion at m/z 193 and [M − H − H2SO3 − Glu]– ion at m/z
211.  The  distinctive  fragment  ion  at m/z 373  [M  −  H  −
H2SO3]

– due to the introduction of sulfite esterification could
confirm D2 and D3 to  be  sulfite  esterification  products  of
secologanic acid.

Compounds D4 and D5 possessed their respective [M −
H]– ions at m/z 391.1231 and 391.1255 (C16H23O11, mass er-
ror within  ±  5  ppm).  They  possessed  the  similar  fragmenta-
tion  pathways  in  ESI-MS2 spectra  as  for  the  produced  [M −
H − Glu]– ion at m/z 229, [M − H − Glu − H2O]– ion at m/z
211, [M − H − Glu − 2H2O]– ion at m/z 193, [M − H − Glu −
H2O  −  CO2]

–  ion  at m/z 167  and  [M  −  H  −  Glu  −  2H2O  −
CO2]

– ion at m/z 149, respectively. Therefore, compounds D4
and D5 were interpreted  to  be  acidified  products  of  secolo-
ganic acid.

Compounds D6−D10 yielded  [M  −  H]–  ions  at m/z
433.0429, 433.0427, 433.0433  and 433.0430  (C16H17O12S,
mass error within ± 5 ppm), respectively. Their further frag-
mentation resulted in [M − H − SO3]

– ion at m/z 353, [caffeic
acid − H + SO3]

– ion at m/z 259, [caffeic acid − H + SO3 −
H2O]–  ion  at m/z 241,  [M  −  H  −  H2O]–  ion  at m/z 415  and
[M − H − H2O − CO]– ion at m/z 387 in their ESI-MS2 spec-
tra.  Moreover,  the  characteristic  fragment  ions  at m/z
353, 259 and 241  suggested  the  occurrence  of  sulfate  esteri-
fication reaction. And thus, compounds D6−D10 were all in-

ferred to  the  sulfated  products  of  CQA.  Meanwhile,  com-
pound D11 yielded  [M  −  H]–  ion  at m/z 435.0574
(C16H19O12S, mass  error  within  ± 5  ppm).  It  also  further  af-
forded  the  distinctive  [M  −  H2SO3]

–  ion  at m/z 353. There-
fore, compound D11 were identified to be the sulfite esterific-
ation product of CQA.

Compounds D12−D16 generated  their  respective  [M  −
H]–  ions  at m/z 595.0750,  595.0748,  595.0737,  595.0745
and 595.0745  (C25H23O15S,  mass  error  within  ±  5  ppm).  In
their  ESI-MS2 spectra,  it  generated  a  serial  of  fragment  ions
at m/z 577 [M − H − H2O]–, m/z 549 [M − H − H2O − CO]–,
m/z 259  [caffeic  −  H  +  SO3]

–  and m/z 241  [caffeic  −  H  +
SO3 − H2O]–. The presence of distinctive ions [caffeic − H +
SO3]

– at m/z 259 and [caffeic − H + SO3 − H2O]– at m/z 241
also suggested  that  the  occurrence  of  sulfation  reaction.  Ac-
cording to  the  fragmentation  pathways  and  reference  stand-
ard,  compounds D12−D16 were  tentatively  presumed  to  be
DiCQAs sulfation.

Compounds D17−D18 gave pesudomolecular ions [M −
H]–  at m/z 543.0431  and 543.0432  (C21H19O15S,  mass  error
within ± 5 ppm) as the base peak ions. In the ESI-MS2 spec-
tra, they all further yielded characteristic [M − H − SO3]

– ion
at m/z 463,  which  indicated  the  sulfation  reaction  occurred.
Finally,  compounds D17−D18 were  deduced  as  the  sulfated
products of hyperoside.

Compound D19 possessed [M − H]– ion at m/z 527.0490
(C21H19O14S,  mass  error  within  ±  5  ppm).  In  its  ESI-MS2

spectrum,  the  [M − H − CH2OH]– ion  at m/z 447 and [M −
H −SO3 − Glu]– ion at m/z 285 were all formed. In addition,
compound D19 also  generated  the  fragment  ion  at m/z 447
[M − H − SO3]

–, which suggested the occurrence of sulfite re-
action. Therefore, D19 was characterized to be luteolin-7-O-
glucoside sulfation.

Meanwhile,  5-CQA,  one  of  the  representative  chemical
constitutes  existing  in  LJF  was  chosen  for  the  validation  of
those new-generated sulfur-containing derivatives. Under the
premise that it did not influence the result reliability, both SF-
5-CQA  and  5-CQA  were  synchronously  analyzed  using  the
same method. As a result, the existence of new-generated sul-
fur-containing derivatives, such as 5-CQA sulfation could be
observed  (Fig.  7).  The  structures  of  these  newly  emerged
peaks  were  confirmed  as  the  rudimentary  sulfur-containing
derivatives of 5-CQA, which were 79.95 Da (SO3) more than
that of 5-CQA. Therefore, all the results demonstrated the oc-
currence of 5-CQA sulfation during the process of sulfur fu-
migation, which further validated that the SF transformations
really occurred to the constituents existing in LJF to some ex-
tent.

Conclusions

Sulfur was reported to cause chemical transformation of
original bioactive components in TCMs or their extracts lead-
ing to the bioactivities,  pharmacokinetics and even toxicities
consequently [29-32]. Based on this, it is of great significance to
study  the  sulfur-fumigation  state  of  TCMs  for  the  sake  of
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controlling quality. It is worth noting that SF-LJF used in this
paper  was  excessive  sulfur  fumigation  in  the  laboratory,
which imitated the operation method in producing area. In ad-
dition,  UHPLC-LTQ-Orbitrap  MS  was  used  to  acquire  data
about SF-LJF, which greatly improved natural  products ana-
lysis. Combining  with  the  fragmentation  rule,  chromato-
graphic  behavior,  diagnostic  ions  and  related  literature  data,
the  patterns  of  fragmentation  observed  were  compared  with
those  of  the  reference  substances.  Finally,  113  compounds
were identified from SF-LJF. These components included 46
CGAs,  19  flavonoids,  29  iridoid  glycosides  and  19  newly-
generated compounds  (including  17  sulfur-containing  deriv-
atives).  Among  them,  the  new  sulfur-containing  derivatives
compounds  were  new  generated  and  other  most  compounds
were both discovered in the two kind samples. By comparis-
on with LJF, the components of SF-LJF were having signific-
ant  changes  such  as  the  reduction  of  iridoid  terpenoids  and
the formation of sulfate esters, which was consistent with the
previous reports. In addition, it was discovered that the occur-
rence of sulfate or  sulfite  esterification reactions resulting in
the  emergence  of  many  new  sulfur-containing  components
during SF process.  In  conclusion,  the  detailed  mass  spectro-
metric fragmentation regularities of various compounds were
elaborated and the material basis of SF-LJF was comprehens-
ively characterized, which provided a solid foundation for the
quality control of SF-LJF and its related drugs and foods. SF
is a considerable problem that can not be neglected in TCMs
industry. This  paper  owing  to  its  abundant  information  ex-
pounds  the  detailed  changes  of  chemical  composition  in  the
process of SF by taking LJF as an example. Then, the secret
behind changes has been revealed which relys on using UH-
PLC-LTQ-Orbitrap  MS  method  under  our  in-depth  study.
Moreover,  this  study  sets  a  good  example  for  the  accurate
identification  of  chemical  constituents  after  SF  and  further
provides guidance for quality control of TCMs.

Abbreviations

Lonicerae japonicae Flos: LJF; traditional Chinese medi-
cines:  TCMs;  ultra-high  performance  liquid  chromatography
coupled with linear ion trap-Orbitrap mass spectrometry: UH-

PLC-LTQ-Orbitrap MS; sulfur-fumigated LJF: SF-LJF; non-
sulfur-fumigated  LJF:  NSF-LJF;  diagnostic  product  ions:
DPIs;  high-resolution  mass  spectrometry:  UHPLC-HRMS;
chlorogenic acids:  CGAs;  caffeoylquinic  acid:  CQA;  dicaf-
feoylquinic  acid:  DiCQA; p-coumaroylquinic  acid: pCoQA;
feruloylquinic acid:  FQA;  sinapoylquinic  acid:  SQA;  caf-
feoylferuloylquinic acid: CFQA; p-coumaroyl-caffeoylquinic
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