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%mr4ns, KA DPPH-. ABTS™ A& FRAP AW 2 & W R SM AN E MG, & A € i 5 ik R B A W&
AFRATE R (LC-ESI-Q-TOF) s $ kit 2., R AN, HHRAEZRIMALREAEZLENANA
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Extraction, Purification, Identification of A-type Procyanidine from
Litchi Fruitlet and Its Antioxidant Activity

XIE Chong, LIN Lin, WU Geyi, WANG Kai, HU Zhuoyan, ZHAO Lei”

(College of Food Science, South China Agricultural University, Guangzhou 510642, China)

Abstract: In this study, polyphenol fractions were extracted from litchi fruitlet which drop naturally, then purified by AB-8
macroporous resin and separated by Sephadex LH-20. After comparing the antioxidant activities of each sample in vitro, the
polyphenol components were identified by LC-ESI-Q-TOF. The results showed that the content of total phenols and total
procyanidines in litchi fruitlet were (49.96+2.66) mg GAE/g DW and (27.25+0.44) mg EPE/g DW, respectively. In vitro
antioxidant activity text indicated that the fourth polyphenol component (P4) had strong ABTS"™- and DPPH" scavenging
ability, and its free radical scavenging rate could reach 92.52% and 46.98% in 100 pg/mL respectively. According to LC-
ESI-Q-TOF analysis, PLFE contained 10 types of A procyanidines, which were much more than B procyanidines. P4 was
composed of pure A-type procyanidine, which were procyanidine A,, procyanidine A,, A-type procyanidine dimer and
tetramer. Therefore, A-type procyanidine isolated and purified from litchi fruitlet have remarkable antioxidant activity,
which can be used as an excellent source of new A-type procyanidine.
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TR ZERRY 2 WIS LB, 7508 2 W e 75 A R e |
RAFNRAZ T ER A oA, Hoh SR v S i, R 7
e EFIREME S 2 —B T, KIEEFIT R, 75k
Z iy BT Z R s vE, inbuE e . Bosss o RE OB
SELL AR T 2R Bk 3 IR i Z ik
G, ARYEAS R B TT 4y A BUFAETT 2R (C-O-
C) K B BUFAETE 2 (C-C), MG/ T K/ nf 43
SRR AR AR, |z o0 AT T A IR 1 f2
Rz FEFEY R, A BUFEAET g AU B AU
ETT 2H UL, Z AR DR L A B FAETT 2N
Y=z, R, ZnAE A I AEgl BB e # v,
DAL R AR ER, 545 3~4 IRV A g,
ST R AR e R LS T, AT T N TR,
PAFICEL M/ NIRRT A FRYE R AN T &,
RIS, BAE AR 574 £ 57 KAUR 4501
WFFER I, 75 AL B et B b AR TS 2R
TRERES DRI A A B S AT AR S AR TS 2R R4
iz —. WS, AP O B 12 Fh R
I 6 Fh = ZRAA, Hoh JFAETT 3R A JFAETT R A, X
FILAEE-(4—82—0—7)-FILZEE-(4p—8)-F
JLEERE A BURRIFALT RE5H C W, (HE 5 2R
BB N, W) 53 S A ARt Bt 2 9, B0 T Xk
WA TEAE 3 LU LR AE T 2R 45 F 11 4 e MERE 100,
[RIAT, A ARUEER IR o 25t i sh) st —20 I g
T HB KA S O PRI S A P i LT

ET, Xoh a2 A A2 BRI SR A AP 9T 3= B 48 vh e SR s
F1 SR L 755 (4 T 877 R LA RN K e e P — BB SRR A 1l 43
AOZEAL, 1A AT IR 2 A 21 U R Hh A s PR
Sy A TR I R PR HIE A E R I E . IRA
RIEFH R FRIE R TP I e S A I S HAT
I Z 2 41, AR SCH B E G R 7 A
P R S T A THEER, SR A LA iR A T SR b
EER AT HE B T4y s atifl, SRS ML AT AN
) 2 9 20 4y 4 7 PEHr, FEFFH HPLC & LC-Q-TOF
X} Z W Sy DA T R SR, LIS R A A B R g 1
YR AR SR
1 MRS E*®
1.1 MRIEEE

2020 Tt I ATE A b OB ES) B
44 Y4 R e, K TR 40 °C PUX TR 54 h, FTY S 6
FE T TR L 25 1 ; AB-8 KFLM AR . Sephadex LH-
20 HARES (S3AT2l)  BE TR (brifidsh) . RILASER
ChRifEdt) . JEAETT 2R A, (BRfESh) L JFAETT 3 A, (bRl
i) LR T (BRUESY) IR AR YR A BRI

T (rtral) Bl e AR BR A F];
MR (Eilhal) KRRk R A0 A R w5 R s

(faigal)  FEEEREAF.

Lab-1C-50 BV EZS VR UR TPl Jb e Be sk
A 284 FR S F] 5 1260 Infinity #5955 440 W AH 154X
#I | Agilent6540UHD Q-TOF, Zorbox SB-Ci¢ 1+

(4.6 mmx250 mm 5-Micron) ZHEERIEH R
H]; Uvmini-1240 B S SN0 568 A AR HRA
w]; TDS-THIREE O AL VS MBI ER A R
F]; HO1-1D [EJRME I FlEds Mg as il it
HRRAF]

1.2 LWHE

1.2.1 FpRv BRSO b G =% L1 45
P IRFFREVEAE IR . A BV SRy R FHAE O et
1:10(mg/mL) FRHE LLIE-& )5 # & 1%, 3500 r/min
B0 15 min BREIEC RS, 3 1:10(mg/mL) 1¥PERRE
b5 70% ZBERA S FEETR T 300 r/min @ iF1
PEE, AR E WA IO, S IR, Hedis
UR TR 2 B A B Y% SR 22 W fH $2 97 (Litchi Fruitlet
Extract, LFE), & $& W% A LFE "2 W A AT
1.2.2 AB-8 KFL#Ag4lifb =77 L1 &M kIt
R VEME B . LFE % fift Jo L FF AB-8 K FL W s A
(2.5 cmx60 cm), FifiJ5 FAZEE /K PE I AR 1 5, 77
FH BRGS0 22 1, 08I E (10 mL/4S), 145
M 220 2 i, ARPR VR ZR & - Ve, R T155%
A PR IR Ly 21/ ) (Purity Litchi Fruitlet Extract,
PLFE), 2 W MIFAETHT E .

1.2.3 Sephadex LH-20 #iZRbEHR /T2 =% ZHOU
SEUT (T IR REEIS R . PLFE Bl sk i £
B # (50 mg/mL), KA 20%. 40%. 60%. 80% H
B MR TR BE VR, R IS, 445 10 mL,
T+ 280 nm AL E W SCAE, £ A iR £k, AR HEVE AR
HHERI AR 53, &35 THEFZE RN 40 °C JE
Hedn 25 H

1.2.4  HL 855 V% 5 5K FH DU A AT Bs 18] o 3% (LC-
ESI-Q-TOF) ZZfn[ 454500 04 Jr ik IF AR 2 o
i FHE SRR (3% (HPLC) R G Mrn etk &4, i
FHZHEMS Zorbox SB-C g A, $55M GG RER &5
PR 10 pL, AHRYERFFE 30 °C, i 0.7 mL/min,
Kl 1< 280 nmo FLshAHm 0.4% (v/v) B IR/K S
(EW A)FIHEEGEW B) o Yelis&FUN R : 0~10 min
(15%~35% B); 10~25 min(35%~45% B); 25~40 min
(45%~60% B); 40~45 min(20% B) .

SR TR S RE , TR FE Agilent 6540UHD
Q-TOF #47 ESI 1 & F 437 AT 5087, W shAEFn
VW 2% AF 5 v SO 233 43 AR WD o B e A
ESI BEFIRIKEESA: FLMRAE-30 V; Z51kE T 45 Psi;
PERMBIREL 275 °C; JlE i E m/z 100~1200; T4
RAEA

HRYE LC-ESI-Q-TOF 75-ZAH W H e Hs} (8142 Jo 1)
SrFRD . RE RS, JRE S AR S PR B TRD ) B
e, WIS L JFAETT SO T g T 5T,
PR FERILESER . AT R A, JHAEHF R A,
T,
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1.2.5 2o & B RS MG PRI
1.2.5.1 BB R SFEHETFRSEME =% RAN-
GKADLLOK 5P [ Jy v b Sl & 2 351700 72 o
I 0.1 mL # B )5 IR SR T 10 mL AR A2 R IH
/b KT 0.5 mL AR AMRBR S R, $2 51 S8 #i & 3~
4 min, 7F 8 min PIJJIA 1.5 mL 20% Na,CO; % #,
FHZEW/K R B Z0E, =i N DGR 2 h, £ 765 nm
T SGAE, LAZRIR/K A AS (1, A IE 3 K. LA
TR b i I 22 i AR v 260 «

Y =0.0012X+0.0195, R®=0.9994 A (D

2% ZHANG 522 (kX BRI T E o
AT E o B 1 mL R B o IURE SRR S 2.5 mL 1%
(w/v) 7 B - RS WORT 2.5 mL 20% (v/v) H,SO,-
FI AR S - I URAE 30°C B SR /K Is I
B3 20 mine PUSERESHTE 500 nm AbFYIRGREE, LI
NEASH, EEME 3 K. LARILZNE Mhrdedhirs:
AR AERTZR A .

Y =0.0057X +0.0188, R*>=0.9994 X ()

M 5 SEAR YR AN N A 2 20 A A PR R e B2
B (LFE. PLFE) RS . BURAT RS2,

& (3

o m OIS TS B R AR R A,
mg; M A HEBUIT FH 7 A A PP SR ) o i el <2 T FH
U (LFE ., PLFE)BY)5iHE, mg.
1.2.5.2 RIMUEARTE I DI /B AL RE
J1(FRAP) fIi& K DPPH-, ABTS"- il PEPEHT HoAA 4
PE I TE, 2% ZHOU 41 gy 7 g b Al 2, I
FHYER B B 0.1 mL BEAAIN 3.9 mL H 3L
W, RECIN, IEh Ao PIE I 95% LW R
SRAE R ALL, 10K Ay, LLZEIR/K hZs (A5 1, L
BRI A A BEAHEXT BR, 4351 F 517 nm A1 734 nm
MR . % PA T AT A B ESE R, I
ICs, 1H.

S M
= —x100
[==cN MX

B IR ERR R (%) = % % 100

FRAP B3 ALAEST: BL 0.1 mL A50SS5 mL
HLECL Y FRAP IR FIVR &, #E6G 37 C T /KB
10 min, DL ZEWEK A28 1, DAPLIR IMLER Do BHHE % RE,
7 593 nm AMMIE WS GE . FFIEL5R S Trolox Fr
HEHHZR EL A, KRR S ks B AR BRI ' BE T R% Trolox 1Y
ZEPE IR, PR Fm HB AL TEHE(FRAP {H) .

1.3 IS

>R Origin2018 44 B -5 &, B
ARIRE 3 ASSPATI T SLsG ) E A 3 UK, it SPSS
20.0 FAGFTEHRIES T 40 2 M T (P<0.05) o
2 HBRESH
2.1 HBIHEIEERSEHEEN. ks

ZEWNRE , 755 A A B R b Sy M R AR T R

& @

& 43 9 h (49.96+2.66) mg GAE/g DW 1 (27.25=+
0.44) mg EPE/g DW, $& HUW £ ¥k 4 ¥R 1 )5 15 2]
LFE, .20 & 54 (202.46+£1.94)mg/g, JFAETF 250
HoM(106.75+1.34)mg/g. AMFFEFRA, ML A
£ N 264.36~662.51 mg/kg, JFAETT 2 ME S
7.09~22.76 mg/g, - HEpA Sy & T | &
FEAE 4 PhREOKIER, UK T EHER, FAEE RS =N
T TR ST AR R 723, AT WA A PP R e
T2 MIFAET 2R, "IVE T 28 Bk R o

¥R LFE ey s g, o LFE AR
FLIAE AB-8 #EA T3S RFHENR, el thZkani®l 1 oy
7, YRV HE L & I148 17~35 PR, W4T
% PLFE, £, 4lifk /5 PLFE Z M & & 0] ik |
(545.85+7.84)mg/g, JR AT H S =5 £ (205.92+
3.224)mg/g. AB-8 KFLWAEIE TAARAER AR, 7T A
VR BRE N BB P R, AR Z 1 1)
Sy Al Ao, Fl B T UL, 2 RFLW AR i1k e,
LFE HrJHR 55 B FIER 1 BT 45 4% BT R R 2%, I A &K
TREE T RERSTEZEY))TT T PLFE Hi,
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B 1 KALWAE AB-8 UEirhZE

Fig.1 Elution curve of AB-8 macroporous resin

5+ (mg GAE/L)

Stk —25%F PLFE H &2 2% 0 8 250 04385, 1%
PLFE [ #£ Sephadex LH-20 #f & % {% ( 1.6 cmx
45 cm). Sephadex LH-20 43 ESAE Y S50 R 5 45
FHERH i SRR, A8 B AR 5575 F AN
AT s B3 — 4 E itk iy H P, SRl B
BRI, ARPEAE S AE 280 nm R AWK IR, K5
ShAToA P1, P2, P3 Fil P4 PU-2H 4%, Pk ith2edan i 2
FIs o

280 nm"¥GAH
o o o
= > >

.o
o
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Fig.2 Sephadex LH-20 elution curve
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22 AEEEDSEMEIMIE L TEE LR
2.2.1 IRAMCEARTEYE BRSO RE AR
T A RSB, X Lefb S HeNS M T B G A m S T,
TG m bl A, BN R A R Y,

P1~P4 ZH 43 . PLFE & ¥t I Ifil fig Xf ABTS™.
DPPH-I# kR HE )1 M B P E LB 1 an &l 3~5 FioR. H
AT 025 1E S AR S BT AR A T P 34 3R B0 D R B AR
M. P1~P4 £H4r#1 PLFE Y ABTS 754568 14
TP IR (P<0.05), Hip P4 4143 H 7B R
BE S ERTR, FIFE 100 pg/mL B ABTS' 158 BE ST &9t
RIMBRM 1.5 5. &FE5 DPPH-VERRE IR 5
ABTS"- ML a3, P1~P3 ZH43 A L35 5 BE S8k
%, 24 ¥ BETE 20~60 pg/mL I}, P4 2H 53X DPPH- %
BREE T W2 THUIRINER (P<0.05), 1fii PLFE M54t
PRIMPRAH 24, T BEAE 80~100 pg/mL B, P4 24 H
VS BRGE ) SPiR MR AE L. #5405 ABTS™ &
DPPH-& % 68 71 ICs, fH K /N HEJF 43 51 2 - P4
(38.21 ug/mL >»>PLFE@7.03 ng/mL)>»>P2(55.11 pg/mL)
>P3( 56.90 ug/mL) >P1( 57.17 pg/mL) >HT I Il AR
( 81.24 pg/mL) 1 HT IK 1M B ( 100.73 pg/mL) >P4
(102.50 ng/mL) >PLFE( 111.70 ng/mL) >P3( 144.98
pg/mL)>P2(166.85 ng/mL)>P1(285.29 png/mL), M
FaARRL, ULIA P4 L5 BENE A RIS I 3 2L
100 |2 p2

= P3
80 {EHH P4
= PLFE

=1 Ve
60 A

ABTS™ {5 3%(%)

-
o

T

40 1
20 A
0 40 60 80 100
HeBE (ng/mL)
K3 25 KPURINER ABTS Ti5RRAE
Fig.3 ABTS" free radical scavenging ability of each
component and ascorbic acid
TE: AFVNG RN AN 0 1835 P22 520 (P<0.05), -k
H1 a~e FUFAEHIE M/NEI 18] 4~ 5 [

N}

50 |2 P
2 P2
= P3
40 {EH P4
B PLFE
= Ve

30 +

20 4

DPPH {5 FRAE T (%)

107 b

0

4'0 60 80
B (ug/mL)
Kl 4 H415y XTI DPPH-Ti5BRAE
Fig.4 DPPH- free radical scavenging ability of each
component and ascorbic acid

FRAP (umol/L TE)

4'0 6'0 8'0 160
W (ug/mL)
K5 A0 KU St b hg
Fig.5 Total antioxidant capacity of each component and
ascorbic acid

5, A BSRAPUEAIE . e BB TEILRE S
ZEE, P1 2Ry eI SR P L BTG TR, 7R ik
T 2 s T A Z WA S ACBTIR LR (P<0.05), T
P4 F1 P2 ¢4y BB A AL EE J1AH 2, £ 100 pg/mL
LREPIRIMBRAY 1.06 15, P3 Fll PLFEFTEALAE 1 AL
259, A W 2 S THUR MR (P<0.05) .

A e B 2 WS BT, AN RS R 25 A B AN
[T A5 2 i 7= S g A RS MR A AR ] . F
TR IRAS [EIS 70 $ B A 723 A SR Bk 22 By 1 P 55 e
IR, KFLM AR 264105 DPPH-JE R HE /1 S5 Hrinii
BRAA Y, iE—2E 4 BSAS 2l Z ik & b T e g vk
ZERNELA, -5 B 35 T HUIR LR M ) RE T 3303
K(BHT)P» N, Al Wz 22k & Ha —
RE P EEAIE TR, (8 R T 22 W Fh 2 X 4548 i ASTA],
HATE G AT E— B 25 . 275 3 DS MTA
AR e 25 2% 1, P4 4153 R B bt A Ak g
PiHE I AB-8 KFLWAE A& LH-20 43 alifb 5153
M) P4 U5 e A smbrEfb it . hik—4
IT P4 P ROTETERSY, X P4 Sy Th 2k & H
AT LC-ESI-Q-TOF 4347
222 Y%k K 6k PLFE B9 HPLC E., AT
PE— 25 B o ) S 4H 0, 2R LC-Q-TOF #£47 ESI
TS T4, XA 22 G i T4 E . PLFE
HAANER 1 TN, G BT 4 A vl 4552 Y 15 PRIk,
BrES 10 1975 T 46, HoAs ¥y h 5 AT 3 LR
Yo Hrhgm's 6 HRILAE, w5 3-2. 4. 5-2. 7-3.
8.9 MIFATT R MK, g5 1, 2. 3-1, 5-1. 5-3. 7-
1. 7-2 NIFAET 3R =R, 1EIRAET ZIKRY b,
AR 10 B, B B 3 Fh. XA ATE R
JFAETHE EZ2Z8LL A BRIIRYIETiTe . FEE
BRSO Z L A BIF TS 2 o8 EK IR
—o LI 2:B2 5@ 55 LC-ESI-MS 4T &30 A B AL
E N IR AR AL T E IR 41.7%, 11
B 2y 24.1%. MA 550 J GONG 4P @ it 2=
TR B AR A3 8 T IR R
AL FAEE R A, BILER T . MAN 550 1
R B G AR, D101 RFLW g 4lifk, 4 UPLC-
MS K RILESER . AEE R A ST o XA
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Fig.6 The liquid chromatogram of PLFE

Bl 7 24 P4 £H 43 B9 HPLC &, P4 £ i) 2H A% 4N
2% 2 Ui, —3R¥E 4 R, R a] R BEE
TE 15~25 min, FH P % 88 B 6] R 16.102., 20.122 Fl
23.959 min Y ¥ JIT £ Q-TOF % & , . m/z ¥ Ky
575.1, Hi 2R Gl & 449.0. 423.0 % 285.03 (%
FETE, FF S A BURET R T IRIR B a™,
Wi A% B8 W 6] 76 20.122 min 9 %5 — D8 BT m/z ly
1151.2, H. & Fiib & 575.1. 423.0 }% 285.0 AU
FE T, PLHNZY) BT SR — 1 C-O-C SEHEN
JFAET BRI, &l 56T ZAnER I T INbR
FEM Rt B, 25 O B8 I [H] AE 16.102 min Fl

20.122 min PR IETE R _RMGHIEFEEH R
A, FIFAEE R A, CAMIERI G A PR
B IR T AL BT AL, JRAETE R A,
A R = IRARI B 58 [ AR IRV BRAE S0, AR
i 2.2 RSN RS B 25 5L, P4 204717 DPPH- Fll
ABTS" 1R HE J1 34 2 & THUIRIMLER (P<0.05), iX
5 SCHR TP ST G SR AR, BEEH A BUFEIE T R LA
ARG ARG M A A

>0 2-1 JFAEH KA,

W | 2-2 AU
40 hu
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i 30 iy
= T ]
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Fig.7 The liquid chromatogram of P4

EHICTT UL, ZH A BRI R b e & A BUFAEHR =R,
BT AB-8 RFLBAE4li{k . Sephadex LH-20 2R W
BERE A2 5 7] B A B4l A TR AL T R iy IRy),
FAVER A BFEAT FHIUFRIEITE ] -

# 1 PLFE ZMBdHsusis 54t
Table 1 The polyphenols composition analysis of PLFE
G AR B4 (min) AT L (m/z) S HEIETE
1 4.826 863.1834 CysHy0,5 ARIFAEE R = RIK
2 7.796 863.1815 CysHy60,5 ARIFIEE R = JIK
3-1 10.943 863.1834 CsHy60,5 ARIFAEE R TR
3-2 10.943 575.1195 CyH,,0,, ABIFEAEH R R IE
4 11.516 577.1356 C3Hy0, BARIFAEH % Rk
5-1 12.313 865.1968 CysH30 ¢ BAUFALT R =K
52 12.313 575.0647 C3H,,0,, ARIFIEE R RIK
53 12313 863.1826 CysH;0 ¢ ABIFEEH R =R K
6 14.273 289.0725 C,5H,,04 FILEE
7-1 16.743 863.1828 CysH;0 15 ABFEAEE R =Rk
7-2 16.743 863.6838 CsH;604 ARIFIEE R =3k
7-3 16.743 575.1206 CyH,,0,, ARIFIEE R ZRIK
8 17.289 577.1358 CyH50,5 BRIFAET % Rk
9 19.099 575.1197 Cy0H,,0,, ABIJEAET 7 Rk
10 23.343 609.1475 C,;H;0046 T
2 P4 Mo A NS T
Table 2 The polyphenols composition analysis of P4
S5 BB B} 1] (min) JBifif b (m/z) F AL RS
1 16.102 575.1203 C,sHy 05 JFAETTRA,
2-1 20.122 575.1204 CysHy0pg JFAETH RA,
2-2 20.122 1151.2437 CygoHus054 ABUJEAETE 2 U R A
3 23.959 575.1197 CysHy015 ARIFIEE R BRIK
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3 g

AR BEVE R S S 2 W MIFAEE R, S
47 (49.96+2.66) mg GAE/g DW F1(27.25+0.44) mg
EPE/g DW; #2HU12: AB-8 RFLMARLlfL, LH-20 %5
BT A5 4 DM eH oy, 20 LUK ST AT
P, P4 415 HAG B IY) ABTS' - Fil DPPH -5 B fiE
TE 100 pg/mL B, 3 BR 2 AT 43 51 ik 2 92.52% Fi
46.98%, SPUEALRE ) B2 W THUR LR (P<0.05);
K LC-ESI-Q-TOF %} Z B¢l 43 % 8 & 80, 75 A4
By R Z o ey b A KRR IFE R =R,
10 F A BUJFAETT 2R M 3 Fh B BUFEAETE 21, 11 P4 21
S EZEHEAETR A, BUERR A, &k A BIFER
R IRARRIDUSRARZH i, P UL, Z5 A= B R i
A BUFAET 2R BA DTS A, A 12— 2L &)
FHSCAR A S BT T T o T T A B4R SR ATy
B RUJSAET 28, RIS —, ARSCE R SR W5,
B AR R s & K A BUFAET R, g AR
HEPE IR TV —FgT i) A RUFAETT 2R
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