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SB-400 DTY #HIEEENL, W T T 38 24
PR O A FR S 7] 5 LGI-10 EL28 ¥ R TR AL,
W AL 3 b U A DR R R AT BR A B s RE-52AA
T 7% J AN W F 0 5@ A AR T 5 L #AEE XL
THRAE W T b —fE R AL AR A FR 2 7] s Thermo
QE PLUS VU #T/# H S 18 B &5 40 9% i | Uli-
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1.3.2 IECKERUKERR I PRI BRGE 0 4 1
FHR 50 g, JH 250 mL IEC b IR 4E 4 Wk, &
Wi 12 h, AIFIEG B A e ik 28 KR A4y
F- 1 3R T 60 CHIAT I 12 h,

PR e BRI L R 1:20(m/V ) BT 50 °C.,
pH Hh 4 BFE R KD S AL 2 6 h, D=5
H 350 W, B3R S 40 kHaz, 5 B v b BRI 3
EHERE R R WA, B UR T RIS ARG A 4y F- 11
7 AbBR AR 22 60 CHAK T 12 h, RS 4 4)
F-1I,
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25 WG 28 KR AR JG Vo R T M AR AR 2 4 F-T1-2,
134 KALW A4t  AB-8 K FLA I5 & i kb
FHUOS R W v 8 AT 48 78 31 2 M A (30 mmx200
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10 mL 7848 /K I+ _LFEZE AB-8 KALI I 2 i,
R 2548 K 30% & BE .50% £ T 75% 4B
100% & B A7 40 FE VR, VB 33 B2 4 mL/min,
VEMLAARFR R 10 AR (500 mL) o W8 eI L
FLAS G AR R AR S VR OR T, RS AL P11 -
1-MR1 .F- 1l -1-MR2 F- Il -1-MR3 . F- 1 -1-
MR4 #l F- [ -1-MR5,
1.3.5 BEEVFM L BHIE T 004 &3 B &
BRECE N 2R N BLHETT IR, AR E 20~35 B 2
], DAERARZE TR W A S H WA RO (£ 1),
W1 mL R R R AR R 2 TR T R B A Sk
EE /N B DR AE 11 e B e e R, AR
Je B Fenk 2R IRk

o F- 1 A F- 1 BB E Ve Ah o dl 4y
H 4% W & T WO iR O € 45 2 200 mL, R )5 H
TRCE N, BCE/NAR R LSRR 2 TR A S
HEHE 0~10 Z [ PFA R AR YO 430 # ok
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Table 1 Grade and scores of bitter
ERF R N B 2
AT REREg L 0.2 6 20
EoR A 0 5 10

HIE R KR 788K, SR 3 A7 BB AL AR A
iy A ERE R EE 3 W, BRI 10
min,
1.3.6 IR RMIFR WA SRR IA K
(DHFTITE

%Wﬁéﬁ%%(%):%xm (1)

K X—— R4 53 BT i, g Xo——4E JHFF
WA g,
1.3.7 WA 5 - B 4 by
1.3.7.1 WAHEIE M &0 Kk F- 1 -
1-MR2 il F= I —=1-MR3 43 51| F &8 4l 7K F1 50% &,
BV i, 0 0.22 wm BB AR, &5 H . R Agilent E-
clipse Plus C18 f& 3% #£ (2.1 nm x100 nm,1.8
wm) ; i BIAH :0.1% R K IS (A) FI 2 (B) 5 I
0.3 mL/min; EEE R 1 pL; AR 30 °C; PE AL B
J# :0~5 min, 5% ~10% (B) ;5~25 min, 10% ~45%
(B);25~30 min,45%~75% (B) ;30~35 min,75% ~
95% (B) ;35~36 min,95%~5% (B) ;36~40 min, 5%
(B).
1.37.2 B ordr &0 R w5 2 1 06 (ES
D) FARB R e T TS F . m/z 80~
1 200; B4 HL )T 2 500 V; #EFLHL T 440 V;
PSR EE 350 C; TR 600 Lih; #ESHL
JE :30 F150 eV,
1.3.8  Hdiab 50 45 B S e bR ofE 22 R
/N, 3K, Origin 2018 4%t s it 47 4b
L

2 HZR5HH
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AW B R ME AT R 2,
IECkefe B oy F- T ARz | BR 24 ki
G I A2 J0w R A BCY PR IE
O bt 7k 1A 22 K S AT i 2 0 K- v BRI, ik
feskit F-MJCHA W35k, U0 pH = 4 BIKE
RERS A P U PHFF TR B S R W o, AT AE T
Btk — P2 MR oy - 11 3R A5 08 T B2 5 F- 11 -
1 FKZEH sy F-TT-2, B F-11-2 Eon
WR, UL AL PR IR TR AR AR IR T )R F- 11 -1
it AB-8 KA B xS 1E T BEdL sy F- 11 -1 3
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Table 2 Sensory evaluation results and the yield

of bitter components

212 FE ok o i B R A F P
F-1 0 -
F-1 5.71 £0.24 11.82
F-1I 0 -
F-1-2 0 -
F-1-1-MR1 0 -
F-1I-1-MR2 7.56 +0.08 0.73
F-1I-1-MR3 2.71 £0.16 0.004
F-11-1-MR4 0 -
F- I -1-MR5 0 -

T =R R M 0, W R FORIT 3

— e aifh K18 5 AN, H4r F-11-1-MR1
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MR2 J&—F F B AR Y BT, 15 8 e i, v DR R B
e 49 F— 11 -1-MR3 2 —Fl 8 (o 8 R R W it
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T EARD ST N R DR B R
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1 20 A PR R A, AR R — 2 o b
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Fig.1 Total ion current chromatograms

of F-11-1-MR2
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3,

k&Y Cl, PREEEY 1.94 min, 7E m/z
405.1396[M-H] &b 7 A= 73 - 15 W AR 95 70 = 41 il
HHEHD TN CHuO0,, 7E miz 359,197,178 kb
FAAE3 D ZHBgwE . H, 7B mhk
405.1396[M-H] it £ — 73 F H 2 (46 u) 15 2| m/z
359[M-H-HCOO-T ,# F m/z 197.08 [M—H-HCOO-
Glu]~hy 2 W R J5 - 24 ¢ 25 1 43 i 268 i 5 5k
5 1R mlz 179 [M=H-HCOO-Glu—H,0] % Jij 2&
221 50T oK Gt X L O B B ] 0 SCRR AR 12
WAL Wi E AL A C1 A PRI 1-0-B—D—% %5 B
1o

&Y C2, PREBEIES 7.06 min, MS & 7R
B RAE mlz 495.1505 [M—H]4b 4 43 785 7
JETE MS2 JR % A7 R m/lz 495,465,281,
165,137, M H 4> T H CxHuO01no BEA miz 465
[M-H-CH,O 1 573 F &+ 2 30 u, s MliLH
ML B pg AR (B0 w) 3K AR ,miz 333[M-H-
Glu| 540 F 8 1M 2 — 4> A AW 5 A OC 76 m/
z 165 Kb (AHE 7 9 55 0 AT 2 1 R R IR ——
TRIEFEAE AL miz 137 b 17 W7 24 )5 Fr 80 f) Xof 3
IR R AER 5 SCHR[14], [15)F R B AL AT 25 4
T e i — 20, 25 L E 3a, s b A C2
HEMATE

b4 % C3.C5 F1 C6 1 i W I 8] 43 51 78
9.25,10.16 F1 14.45 min, 7 ESI (=) B R, B
S BE AN [m] Y FR I RN S T 6 m/z 5251607 [M+
HCOO], RN 7FEAE m/z 479[M-H]| 4y T & T Ug | #fE
W A~T 25 R gk, Horb A5 9 C5 B MS2
T R R4 N mlz 449,327,165,121 (WL A
2a), T F m/z 449]M-H-CH,O] i % H R /> T mlz
AT79[M—H -2 2 45 % 1 3 v iy B 400 (30 w) I K,
gL 1 ADEHBR (122 0) B IERE A mlz
327[M-H-CH,0-C-Hy0, ] ;m/z 327[M-H] %%k 1
3 A R AR A IR ot B A B SR A A B R (mlz
165) fie J YR Bt S A MG 24, i 2 1 AR
BREL, P2 mlz 121 [M=H& iR, 53k
[16-17) 77 38 A7 245 17 Jot 3% 24 i R — 350, 25 45X
3b, WAL G W) C5 AATEGH o ML i g e ] T
¥ MEW L& C3 RTRE AT 25 R AT (35 718
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UL, 85X I IE 3e) , fb G Co M4t AFL,

b Cca, PREEIEH 9.47 min,MS E &R
ZY) R A mlz 687.2128 [M-H] & T F ,MS2
E & A R AERE R mlz 593,471,323,165,121,5
53 T3 CaHuOus FHXT R o 129 o HA Ll 9 e B
ZUAREERE - mlz 165, HEM HOoN AT 25 8 0, 4
5 SCHRI18-19188 F Xt Lo, 97 28 Wi o b 53 42 ZF A5 24
1 (isomaltopaeoniflorin) ,

&% C7, LR B B IE 2 31.04 min, MS % K]
WoREEENWER miz 265.16]M-H], %A N JC
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Fig.2 MS2 spectra generated from some bitter compounds of F-II -1-MR2
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Fig.3 Structure of some monoterpene glycosides in F-1II -1-MR2

222 Moy F-TM-1-MR3 %% M4 F-1-1-
MR3 455 i 21 Frib &9, fG% C3.C5.C6 il
C7 WAEEF F-1-1-MR2 45y b &9+ C13
J&F sk &9 ,C15 MAMLERZE ,C17 .C18 A
ERLEY ,C19-C24 = IMR R 5 9,
HARB 2R E Y, W% 3,

k&% C8, fE I A A 11.02 min, MS & 7w
ZW R BA mlz 597.1821 [M-H] B 71 H , i)

5 F XK CrH30 5, IRIE ChemSpider £ 4k )22 VT AL,
W2 BT AR J 2% 37,5 -Di- A F AT .

A CO-C11 1 437 5t it AR BA B[R] 4R
], A EATHS EA AR R ZIAFERE 5 m/z 285,
PRl 2 S AR PR R T LA . AW C9
{45 B8 I 18] & 11.77 min, MS & 77 78 &5 3 B i
A mlz 655.1009 [M—-H]", Aiz¥) ik o 70, i 2
7 TN CxHn0, MS? B & A FRAE R R miz
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Fig.4 Total ion current chromatograms of F-II-1-MR3

447,285,151,133, HEMH AR BB RAED
&% C10, fAEBFE Y 13.89 min, 7 m/z
477.1030 [M-H| HFESFE 7%, 557X
CpHnOp XF N, 2T HEEF F B m/z 314,285,
271,257,243,151, 5 ChemSpider $U4 2 17 Lt
X, S5 HOh 6P AR 3 R R 3 -7 A R
S ZER 3-0-H & pET™, Horh m/z 285 HH T
BT T E T miz 477.1030 [M-H] 7> 192
u, B ER s FRIARA 1 PR EE, kG
Y C11 £ BB uFE K 13.93 min, F m/z 447.2593
M-H] &b 7 e £ 8 7, it B H S 78
CoHyOyy o He g i i P faf LA 285 H U
WEF, B m/z 447[M-H-Glu] 2k 2= 1 /> %5 %) B 5L 15
BB Y CL AR R R

k& C12, fREEESY 14.30 min, £ ESI
(=) BEUF L MS B = A T —A m/z 449.1082
1 R 0 A = N 4 3 B N o a1
3 ey ol 449,287,269, 151,135 %, H
o, BER mlz 449 i 1 4y TR A BRI B m/z
287.06 [M-H-Glu]~, W% 1 5 F /KB H] m/z
269.05 [M-H]", it RDA 2%, 53R m/z
151.00[M-H-Glu-H,0-CsH O FI#E A m/z 135.04
[M-H-Glu-H,0-CsH,0-0], i & % kb SCiik[24]F1
Pubchem ¥4 P, 720 % 7 by 48 R 24 0y ot ) HL Y
(marein)

& C13, PREEFEISY 14.99 min, MS 5] &
IRIZYEAE mlz 509.1660 [M-H] 4k =4 5 1
ﬂ'%,?ﬁ(ﬂﬂéj‘?f@b C24H30012,ﬁ7£ M52 Eiljaﬁﬁgﬁ}fl_ m/
z 463,331,161,121, i iz A [ SCHR[ 18], 4= =
PP D,

&Y Cl4, R B EY 16.87 min, 7+ FHh

CisH 06, 7E ESI(=) 50 F , 7E m/z 287.0557 [M-
H] 7= 4 4y F 8 F F BE,MS2 i3 [ 772 7 mz
287,151,135,107 %5 & T K (WL 5a) , 7 R m/z
287[M-H] Bt 25 1 317K, 14 RDA 2%, 77 A i
F mlz 151 [M-H-H,0-CHO]-,m/z 135 H m/z
151 L2 1 47 F 58045 o 1) i 5 SE IR 92 3 B 4 P
MEEX R ARGy, WiEEaY Cl14
S,

& C15, PREARIIE R 17.27 min,MS i
F B R ZY R T mlz 121.0281[M—H] &b 77 16 4 43
T Y AR,

&Y C16, LRE BRI 17.46 min, MS &
T m/z 285.0401 [M-H|fF7E4r F & F, 501X
CisHio06 VT L ,MS2 Jit 3% & /7 7E m/z 285,151,
133,107 55 TR (WWE 5h), HA iR m/z
151 [M-H-CgHO,]" I FAZTE A5 5 B 5 4k
22 RDA 2@ s mlz 151 2 1 4> PRS2 m/z
133 [M-H-H,01-, 5 SCHk i 2 18 — 0>, %) 20 5
HARBEZER

G C17, PREEHE 17.83 min, MS [&] &
NEYRAFAE mlz 227.1281 [M-H] % & T4,
55370 CsHiOs XTI, 75 MS? 235 B 7= 26 mi/z
227,185,143 ,117 5 & ¥l (WL 5¢) , Horh m/z
143 R R I 2410 S HEJS A RPIE B 1 i, BI2b %
SE A L R

k&9 C18, 1A EHE] 19.24 min, fF7E m/z
453.0773 [M-H| 4> ¥ & F i A, #:0 H 00
CosHpOs, A T TR m/z 453,435,359,
347,253,225 % (UL 5d), i it 55 Pubchem 5 &
PEHAT LU W %0 R e- R

& C19, CREAETE 19.82 min, MS & &
NEWET mlz 3272171 [M-H]” #1E T8 T
g MS2 F P2 A mlz 327,291,229,211,171 S5 4%
MEE ¥ Fr, 500120 CgHanOs X0, 455275 3
BR[27]F1 ChemSpider U4 FEXT LY , #1209,
12,13-= #2310, 15—+ /\ g _Jaiiz . fb &4 C22
(PREERFA] R 21.81 min) A4 F B F 06 A — 9% i
TERE R Y5 RAY C19 MR, I A H R 43 S48
R——(10E,15Z)- 9,12,13-=# % -10,15-1
I\ TR

&9 C20, PREAETEH 21.23 min, T m/z
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329.2328 [M-H| AL AFTE 7 F 125 F g B T — 0 o
WEWE A mlz 329,229,211,171,139, #0437 K4
CisHy0s, 4545 2% SCHR[27]#1 ChemSpider %4 &
XL, 9128 W Az Ak S W o (157)-9,12,13- =
FRHE-15-T /MR .t C21 (PR BTy
21.48 min) HA A [R] 1Y HE 5 1 25 06 HEI
(157)-9,12, 13— = F 15—+ /\ Gk Js 1R 7] 43 5%
IEE NN

&% €23, PREEETEISY 26.83 min, MS &
TEAE mlz 309.3873 [M-H] /> T & Tl ,MS® i %
B & A F R m/z 309,291,221,195,179, 5
533 CgHyOy #HXT I, 28 Pubchem 1 ChemSpi-
der Bt ZEXT L, %5 13(S)-HpOTrE

& C24, LREEETEISY 30.01 min, MS JiTH%
E BA mlz 293.1790 [M-H] %> T & T# H ,MS2
T3 S AR AE RO om/z 293,275,223,195,
179, A4 o0 R 4 i 5> T 308 CgHau05, &
Pubchem FI ChemSpider £ FEXT Lk, %% 4 13
(S)-HOT:E,,

1001
135.04
o
]
H."_d‘
g
"H'% 15100
=7
Z .z
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MR Ry, AN 4043 F-TT-1-MR3 i &4 =%
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10, 15— /\ e 0 12 S 4 22 T4 B 1) R B 4328
FE B W R AR G R 5 R
SRR AR 9,10,13-F19,12, 13- = £ 3k
NI R B A W a] 51 A R, Hamberg S5°0A
by, = FRSETR SR AR B ) 0T RE R AN A [R]  #f
MU o 9,10,13 F19,12,13- =K+ /\E R K
S RGPV AT GRS 3 O R 0 SRR 9(s),
12(s),13(s)-=FFH-10(E)- T /MR % £ 5 =
FRELTR SRR, B RAERIYE BB 9,10,
13- =FH-N1(E)-T/IFHER N 9,12,13- = 53—
(E)—T /IS i v S R AR Ak 5 . A
LI = 5% I Al D T, v R 2 A PR 1 R R R
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Fig.5 MS? spectra generated from some bitter compounds of F-1II-1-MR3
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Isolation and Identification of Bitter Components in Peony Seeds

Cao Kangning, Peng Bangzhu”
(College of Food Science and Technology, Huazhong Agricultural University, Wuhan 430070)

Abstract The unclear composition of bitter substances in peony seeds limits the comprehensive development and efficient
utilization of peony seeds. In this study, a combination of organic solvent extraction and sensory evaluation was used to
separate and identify the bitter substances in peony seeds by ultra—high performance liquid chromatography—quadrupole/or-
bitrap high-resolution mass spectrometry (UPLC-HRMS). The results of the study showed that the peony seed sample
was extracted by n-—hexane, citric acid aqueous solution, n—butanol, and purified by AB-8 macroporous resin. 5 compo-
nents were obtained: F-I-1-MR1, F-II-1-MR2, F-1-1-MR3, F-II-1-MR4, F-II-1-MR5. Two bitter components
were screened by sensory evaluation: F-I[-1-MR2, F-1II -1-MR3. UPLC-HRMS was used to analyze and identify those
bitter components. A total of 24 compounds were identified, including 7 monoterpene glycosides, such as paeoniflorin, 7
flavonoids, such as luteolin, 2 stilbene, such as resveratrol, 6 fatty acids, such as 9,12,13—trihydroxy—10, 15-octadeca-
dienoic acid, and 1 kind of organic acids was benzoic acid. Among them, paeoniflorin is the highest yield component in
peony seed extract, and it is also the main bitter compound in peony seeds.

Keywords peony seeds; bitter components; ultra-high performance liquid chromatography (UPLC); high-resolution mass

spectrometry (HRMS); solvent extraction; sensory evaluation



