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Abstract: Fermented traditional Chinese medicines (TCMs) dated to classic age and its
modern research develops more in-depth. Fermentation plays an important role in toxici-
ty reducing and efficacy enhancing for TCMs, but its material basis is inadequate.
Hibiscus sabdarif fa L. is a homology of medicine and food plant that has a good devel-

opment of medicinal and utilization of value with its rich nutrient. It has too much con-
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tent of phenolic acid to taste sour and hard to accept. Studies have shown that fermenta-
tion broth from Hibiscus sabdarif fa L. developed a nutrient-rich, sweet and sour and
refreshing, unique flavor, with good stability product. In order to demonstrate which
constituent has been changed during fermentation, ultra-high performance liquid chro-
matography coupled with linear ion trap-Orbitrap mass spectrometry (UHPLC-LTQ-
Orbitrap MS) equipped with an ESI ion source at negative mode was used for compre-
hensive study of the chemical constituents of aqueous extracts and fermentation broth
from Hibiscus sabdarif fa L. Separation was performed with an Agilent Zorbax SB C18
column (250 mm>4. 6 mmX5 pm) with 0. 1% formic aqueous solution and methanol as
the mobile phase with the speed of 1 mL/min under the gradient condition. Based on the
accurate mass measurement (error<<5>X10""), MS/MS fragmentation pathways, differ-
ent chromatographic behaviors and compared with the standards and references, a total
of 41 compounds, including 34 organic acids, 4 flavonoids, 2 anthocyanins and 1 lignan
are tentatively identified and characterized. The results showed that the varieties and
concentration of Hibiscus sabdarif fa L. change in different degrees and they provide

the scientific basis for the statement for Hibiscus sabdarif fa 1.. and the changes of its

chemical constituents after fermentation.
Key words:
LTQ-Orbitrap MS

BB i (Hibiscus sabdarif fa 1. ) X 4 % 4§
T 2T M DA M 21 fA 28 45, iR 25 B (Malvaceae)
ARME R — A B 5 T PR R R I B
JZ A T A BR G AT A b XL TR B
R 7R R 2 T A R MR S AR
VS — b 24 1 I R AR P BOB & & 19 A AL
2 BN ACHE R i e A s LS IR AE . A
PR Je BUH Al AE =5 TP ) — RS SR ) 3 o X U
e LI 2l K A A 55 A B0 9T 8. e Ak, B
A 2R AE AR R IE R K R R
B3 %) i A 1 AR L O RE A 2R RELT 23
g O AR . B B R A L
FATHEE.

PO AR 8 TN R0 1 S 25
e sE 7 EA T R 8N JT KR . R
7 BB & BRI A, R IR B
PSR X 08 B — 5 0 B . S 2o
ST il 1 T i B R B — L BRI AR RS
GyHY L BB R TG F R R R NS HL
W12 T AR & I ORI R A
ST UL A T I Ak 2 ) SRR T v A B
AW 5 F UHPLC-LTQ-Orbitrap MS 3%
AR i) B B il A T o A v T A A ) Y

Hibiscus sabdariffa L.; fermentation; chemical constituents; UHPLC-

A U 3t BBt 95 5 B0 O e AN AT S O D
S BERIE T S AR AR S B3l

1 SLIGHERSY
1.1 UHEEE

DIONEX Ultimate 3000 & % i M & 3%
AL, LTQ-Orbitrap XL JFii% .3 E Thermo Sci-
entific 22w 77 i, B A HLWE %5 5 1 IR (ESD #l
Xcalibur 2. 1 T¥E % ; R200D B B 4 #1 K
(+Ho4rzZ—) 482 E Sartorius 2 & 7= & s Milli-
pore Synergy UV R 4 /K #1 . 32 & Millipore
AT s KQ-250 DE Y 8045 88 7 I 15 vk #%
B 1L i B P A A B W 7
1.2 \FS5H#

BB IR LA R M R s L AS R F R
FG-3-O- M HBETE S5 5 Fhoud B8 5 - 4l B 2 A%
T 9800, LA 2 SRR MR A B |
HEE . HIR - 34y BT 3% 2. 36 [ Fisher 24 w) 7
a3 2K - i Millipore 46 K B %

BORA LM B =M s IR A
BR 2% W]+ 22 b 5t v PR 28 R K IR R B 2 e R
IR AR M @ A A Y BUPE i (Hibiscus sab-
dariffa L)W THEAEE,



52

=

L I

a0t

1.3 A&EH

TR G % Bl V2 9 ) ) < 2 ) BB & | 3R
5 FfouT HEh ORGE 85 BRI PR S R B 2 Dy
100 mg/ L Bt 4 R o {3 P Bef 4 R i o B vk B )
TR A X A .

B A A i I R A 30 g BOER A
YRR AR L REEFR A2 . A 300 mL KR A it FE
¥A R ImA—E &1 K, HPO, .NaHCO, %,
WA pH 5. 8~6. 08K F A 20 g H .80 g
HAMHE, E 2SR 1 000 mL;7E 90 CRI &1 TF
K 30 min J5, LA 0. 22 pen SCFL 8 5 g L B
A5 3t VR

R T BT 30 A 3 Y VR o A%< L 30 g B
A 25 R RS % PR E S A 300 mL KR &
WA 5 5. in A K, HPO, 8 & pH 4.5 ~
5. 0:RJGTEIRA WP IIN 1 g F4E R .1 g R
e E . T 50 °C R Efi# 90 min; il A K, HPO, |
NaHCO; 5,8 % pH 5.8~6.0, FH M A 20 g
B 80 g FEPHE, EAE 1 000 mL; ¥ I AE
90 “CrKIE Z&AF T KT 30 min, £ B 2=
T+ F22 780 i FEE W 3 ok 4 i OB ST o A o (B 5 0 2
25 °C R 20 KD 5 BUK I J5 1 WAL 8 U8R ik
0. 22 pm FCFL B BE  BP AR AR5 0 VA VR
1.4 LWEH
1.4.1 5% Agilent Zorbax SB C18 &
%A (250 mm X 4. 6 mm X5 pm) s FEIAH 0. 1%

FH R K 5 T CAD - 2 (B 5 6 B U B 25 F . 0 ~
10 min(5%B),10~16 min(5%~11%B),16~
66 min(11% ~51% B), 66 ~ 70 min (51% ~
55%6B) s 3k 1 ml/min; 3l 25 C#FFERE 10 pL,
1.4.2 Fui skt ESI 10 78 # AR
25 W BN AH 2L 5 43It 2E A 00 5 1 Sy
0.3 mL/min; & 4 & W B 350 C; #§ < i ik
9 L/min; 4 BI A # 3 L/min; B{ %5 LK 3.0
kV; B E—35 V@R E—110 V34
PG 93 15 4 it b il 4R B A (CTID) 3506, B R
FE P FT 17 &8 (full scan, FS) ,—Z ]
i3 HER 30 000, JFi s AL ] m/ = 50~1 000,
1.5 #HiEE

FIH] Xealibur2. 1 T AF ufi i 17 896 40 3L, %
FH 32 F I A e st iy A BF 25 19 = A4
K BB E N CL0-35] HL0-50],0[0-30], 3F A
T AW %L (RDB equivalent value) [0-15], Ji
R IRZETE 5X10 "I,
2 ERSH®R
¥ HPLC-LTQ-Orbitrap MS 3 43 #7 %
FE B R IS AR 2R LA . AR i R AT Y
KB 5 0o 45 5 AH I A 60 OR BE AT 2R T3
SR AL VRRAE6E R B DL RS 0] BR LY B
LUEE 41 P2 E Ly H A S R gy
BMERR S E A AUR TR 1 fEk 1,

x10°
= S
5_
— R
7 R
2
s 3F
5
h=
- S
2f g
TS Y o & by
220 Sl = ©
: i B I
N - A
T T T T T T
0 10 20 30 40 50 60 70
tp/min
Bl BHBEMEZBIENASTFRE

Fig. 1

TIC of water extract and fermentation broth of Hibiscus sabdarif fa L.
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Fig.2 Proposed fragmentation pathway for caffeoylquinic acid in negative ion mode
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WREETELS5X10 “JEE N, 78 ESEMS 3% [ rh 1
Yo m/z 179 M—H]™ .m/z 135 M—H—CO, |~
Flm/z 107[M—H—CO—CO, | $Fi% F 8+,
AT © ] S el I B G [ 43 S A 1A

M12 . M15 1 M36 [ 5> F 8 7 W[ M—
HT 4 %4 m/x 197.045 68, 197. 045 79,
197. 045 90, #fE Wy H Al ge 9 73 U G HL 05,
HIRZEAALSX10 JuE M. =#FK ESIMS
PR e m/z 182 M—H—CH, | . m/z
153 [ M—H—CO, ]~ fl m/z 138 [M—H—
CH;—CO, ] FE#HERF B HIEENTF
1 X L8] 43 S5k A

M17 F1 M26 iS85 FiE[M—H] 45
WIH m/z 163. 040 18.163. 040 21, 4 W7 1 ] g
B TR K CH, Oy HiR2E7E+5 X 10 ° Y5
W. =% 1 ESIMS 3% & 3 7 4 m/z 119
[M—H-—CO, ] {505 B . Hh 0 5 S X 7
R M LR oy SR AR

M25 Fil M30 iy ey 8§ FIE[M—H] 43
Wk m/x 193. 050 48.,193. 050 89, i W7 HL 7] fig
#1573 HN CoH O, HAR 2 £5X10 "5
W. &M ESIMS” 3% K ¥ 5= 4 m/z 178
[M—HCH,] .m/2 149[M—H—CO, ] I
m/z 134 M—H—CO,—CH, | &M B, Hit
YeaE M25 il M30 y BTER R Je H[R) oy S RD
2.2 EMERSHEE

BCHR AT 0 TR 28 45 ) 2 Sy T
B, 2 LB AR SR B W 2. A
5% D\ BB b T s 4 2 A
B Al A T R e S 2 T 2 A

M2l s F 8 F I [M—H] H m/=
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289. 071 66, #EWr KT REMY 0 T 250 Cis His Og s
BN 3.443 X 10 °, £ ESIMS % & A,
m/z 289 BWhHIEER 1 071 CO, .\ P2 EHE R
BT m/z 245 M—H—CO, |~ , F =4 m/=
203lM—H—C,H,0—CO, ]~ Ml m/z 179[M—
H—C,H,0—C,0, ] SFFrIE B 1, 45 & X B
Xt HG B DG SR o M21 S LA &

M39 W 8 FiE[M—H] H m/=z
609. 146 42, #EWT H T BEM 43 F 2R Cpr Hyy Oy 5 12
220 2.313X 10, piy SCHRL20 ] m] 40, 25 R
Loy BRAMES 1 20 74w 52, 12 CID g
R B A E R S A AR AR B D 308 u,
M39 % CID Z4fi# )5 72 4= m/ 2 301 M—H—Rha—
Glu] .m/z 300 M—2H—Rha—Glu] .m/z 255
[M—H—Rha—Glu—H,O—CO] }igs 1, H
Hiom/z 301 4 C R ILTE |, m/=2 273[M—
H—Rha—Glu—CO]J ,m/z 255 & &\ I3 £ &
CO i m/z 227 M—H—Rha—Glu—H,O0—
2COJ MR B 1. mIpk M39 &N T, [
BLMAO B HE S T T IELM-H]T b m/=
593. 151 67, 4fEWTH AT BB 43 128 G Hy Oys 4 152
FH 2.653X 10, m/=z 593 4 CID R )5 = =
m/z 285 M—H—Rha—Glu] Fl m/z 284 M—
2H—Rha—Glu] R&E -+, Hd,m/z 285 F5%&
C ¥ ¥ ¥ I i m/z 257 [ M—H—Rha—Glu—
COJ W R B 7 8T 35 5 HE 42 B m/ = 185[M—
H—Rha—Glu—C,H, 0, ]~ # 1 & F., i1 I #i Wr
M40 Sy LA B 2 B

M4l S FBE T IM—H] h m/z
301. 035 06, fEWT v T GE A 0 Tk Cis Ho Oy,
WEHR 2.594 X 10", £ ESIMS” % & 1,
m/z 301 i@ 15 RDA FHHE % m/z 151 M—
H—C,H,0.—H,O], [ If,m/z 301 £5%& C
W I L m/= 273[M—H—COJ ", I 4k £k
LR 13T Ho O m/z 257[M—H—CO—
H, Ol o 454 % B e oxh A ek [22], 7] 4%
MA1 %5 W R R .
2.3 BREHITWETE

BOAAE TS 2R 0] BB i A6 o L BB
ZLA R S BUBLM AL =5 op O ) — b AR B
By EE LS WM RS- A R EH
RS- AT KGR R -3 5 A OB T AR 4
B R -3-F AT BUME 45 . AW 5T I\ B A IR

Wrh S 2 B AE T R SO s BB i T
WS E N 1 FEHE KL .

M31 s> 78 7 [M—H] N m/=x
447.094 18, HEWTH T RERY 431N G Hi Oy 5 152
2 4,456 X107°, £ ESEMS % &K 1, m/z 447
BRI 1 2> TR AR, 7 A m/ = 285
[M—H—Glu] flm/z 284 M—2H—Glu] #F
B S5 X IR U RS TR M3 % E S R 7
HR-3-O-H AT .

M37 [ sy T8 T [M—H] 5 m/x
595. 130 80, HEWTH AT REMY 73 F 2R G Hay Oy 532
2N 2.418 X107 °, 4 ESI-MS* & th, m/=
595 Fy BR 1 43 ¥ F A BUOBE (Sam) JE B m/ = 301
[M—H—Sam]| #1 m/z 300[ M—2H—Sam ]| ,
FHH: R m/z 255 M—H—Sam—H,O—CO ]~
SR T e M37 % E o TR K-
3-O-F A AUBEH .

2.4 KEEZEBITHEE

BOAE R B EREY) . S H — 2 /A
NEZR LI . A5 DN B it 2 IO 0 B3 Aot
R S 1 R IR R ) .

AR FIr SR AT 1 175 23 9% o3 K 4 - M38 114 1
B TFIEIM—H] B m/z417. 155 85, #EWT
HATREM 73 F A Co Hos O 3R 250 3. 490 X
107°, ¥ ESI-MS? £ & ,M38 B T 774 m/=z
402[M—H—CHy | #& )y 5 7, £ WL 5
e AR m/z 191 BR 14 F HO
m/z 166, [a] B} 38 77 A= m/z 371 [ M—H—CO,—
H, Ol it rlfs M38 %5 W T HIF K.

3 4£ig

AKWFE Nl UHPLC-LTQ-Orbitrap & 43
B I 1 B AR BB Al & R S A LR L B
B = MARNE R IAC= B A7 o0tk il . A
It T AR AT ARG B 4y o o R E 2 A A IR B
A7 0y Ui S i AR VRRAE B R B X R T
XF LA B A G SCHER 8 , 3R 580 41 Bl Ak AR
1 ALHE 34 A HLIRZE 4 Fh e 2R .2 Fh AL
BB I FARIERIE. Hod, & BERT B A
PRI 28 41 Bk 27 B0 D\ I8 BB A
PRI 2 33 Mk i . BEE A R &R
T B B Al A A o A BILER B A3 I P S
TR AR R RS Ak, AN B A Ak I
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