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Antioxidant Activity and Phenolic Contents of Peel and Pulp of Different Plum Varieties
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(1. College of Food Science, Southwest University, Chongqing 400715, China;
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Abstract: In order to investigate the phenolic components and in vitro antioxidant activity of the peel and pulp of different
plum varieties, we chose nine plum varieties for the extraction of free and bound phenols from the peel and pulp. The
1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging capacity and oxygen radical absorbance capacity (ORAC) of
the extracts were determined, and the polyphenol composition was analyzed by high performance liquid chromatography
(HPLC). The results showed that total phenolic contents in the peel of nine plum varieties were between 111.52 and
775.88 mg GAE/100 g, and between 120.65 and 301.91 mg GAE/100 g in the pulp. Among the varieties investigated,
both the peel and pulp of red plum had the highest phenolic contents, and the lowest phenolic contents were detected in both tissues
of prune. Free phenols were more abundant than bound ones in all the varieties, and the main phenolic compounds identified were
phenolic acids (protocatechuic acid, chlorogenic acid and caffeic acid). /n vitro antioxidant assays showed that the phenolic extracts
from all nine plum varieties had some antioxidant activity with ICq, values for scavenging of DPPH radical in the range of 4.38-46.46 pg/mL
and ORAC values in the range of 0.24-210.50 umol TE/g. Among these varieties, free phenols extracted from the pulp of Wushan plum
possessed the lowest DPPH radical scavenging capacity and those extracted from the peel of red plum had the highest ORAC value.
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Table1l Geographic origins and varieties of plums
wi o JOEE Bl JE a44% B6% AR R4E IwF 5%

M KR R DU TR DU DO PO PO E s LR

WM EE (fluorescein sodium, FL) . #&#k-1)
X7 (Folin-Ciocalteu) . /K¥&PEVE (Trolox) . DPPH
(X309 53 Hr 4k X ESigmand]; 2.2 -HEA _H
TRk E R £ (2,27-azobis[2-methylpropionamidine]
dihydrochloride, ABAP, 4rHr4li) H 4 Wakofb, 23
FIAF WEE. FILRIR. SEEER. WNHERR . 2EREE.
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Ktk R EENERARAF 1-15PKEEE

OHL FEESigmaFl; 72246 Rk R
BHEAXAS] s LC-20Am 0B AH (1% (high performance
liquid chromatography, HPLC) ¢  HAREAF;
868MpHIT  E[EOrion/A]; Spectra Max M2 DjfENE
b EEMolecularAF]; 96 LR B AR FER  EHE
Corning A &
1.3 ik
1.3.1  JFRAL

9 MZEFRMWE LI E G, PhEH L. Lh
&, ERRRS, KBILEE. T 2 REE5RA
N, BT —40 CUKFRER, & .
132 T2
1321 S HEEL

Z B Adom& "y ik, MRS = A ER B .
HERIFREL2S gfE 5 T-100 mLES .04 o, S50 mL 80%74
VR TR, VKSR CE1k2 min, 527K 1 min, %53
7%0.6 min, FEXERE2 min) J5, T3 500X g 210 min,
B EiEW . PR EERIHIR, &IF LiEm, s T
45 Cliesk s+, MgikeRE25 mL. 15045 um B HLIE
G T —40 ‘CoM N AR
1322 455EMERE

WSO R Ui 5 T B2 B S B9 R, ITAN20 mL 2 mol/L
NaOH W, BECHEENA1.5 h, AWk ER £ pH 2
LA MMAIES K20 mL, #Hi#:10 minf5F &0, BREARN
2, EHEEREW XK. MA20 mLZE 288 I 78 45 3 b i
10 min, 3 500X g0 fg X Fis, BEEHRIS Kk, &L
T, IR T45 Clhelk 75+, HaiKER 210 mL,
10.45 um A HLIEHEL ST —40 CE&H .
133 ZBh&aEiE
1331 WETRARME S HIE

SHEHRITIN T, FRE2S mgl% & TR, IIANGE
BEBTKADEMR, €©25%25mL, 531 mg/mLi%
BRIV .. B5 mL 1 mg/mLEA R TR, HEE
FAREHFZRSO mLAE=HH, EIFH0.1 mg/mLE &1
W, ARJEHECARO0. 20, 40, 60, 80, 100. 150, 200,
300, 400 pg/mLI) ¥ & FRARER . H200 pLbr AN
NREH,  FKIKINA800 nL% BT /K. 200 pLAg AR-)
WA, IRIBAEERE R R G, @ 6IRA76 min, Fi
A2 mL 7% Na,COJZMAN.6 mLEB /K, ARGt
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SE AR MR-y, B200 pLEEEUVR Al R I&E 4
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il &, 45 RLLR100 gFER TS MEE TR Y E
(mg GAE/100 g) £ox, VAEFRET. AR M3 4
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1.3.4.1  DPPHF 37 BRI &

2% AlvarezZ!"™., Vaher" 2 /17535, BU1 mLAS A i &
WP I RERTS mL 0.1 mmol/L I DPPHAR I 310 mL
WRE B, DAVCIENXTIR, JRE SIS A 1F T i
Y6 30 min, ARJ5F517 nmi KA e B4, LLak
KGR, WE S AREROEEA. 1% (D) T ERE
A UDPPH [ B 3675 K .

DPPHH SR R/%= (1— jjf ) X100 (1)
1342 BHrEAGREJfa BB e

%% Alvarez!"", Vaher!" V& 175, 25 Bk
W 20 nLff R Eh 22 vl (=AW « Troloxbr il

(6.25 pmol/L) FI/N [ o Sy BE (O RE i, — 33 40 s
F96 L2 R EE W EEFRAR . 7537 CHRH 10 min, #
B RS E. 1200 pL 0.96 umol/L i) %% % TAEWK
FAE37 CRE 2 /020 mindf (Al BRFE S, SR EEbR R IR B i
F37 Cla, W NHTEFELHI 119 mmol/L ABAP T.1E
W20 uL, TR K485 nm. NS 520 nm &4 R o7
BPER%, 4.5 minidb A7 — Vs, SLRm2.5 he ARSEN
EEITEHEAAE S (oxygen radical absorbance capacity,
ORAC) fH, #%x (2) THHEZ AL FHHE (area
under the curve, AUC) . #%3\ (3) i+ ORACHH.
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AUC= (03X + oot bt 205X

AUCy; —AUCpap % Prrotox
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P NFER R IR/ (mg/mL) . RAMORACH %
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PLIEMERLDE, .
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HE, BAI100%Z.N5; Wii#: 0.7 mL/min; #EFEE:
20 uL; FEiff: 40 °C; Krdl#E: LC-20A = HRE [ 21 o il
# (diode array detector, DAD) , il K280 nm.
BB REVELFEF . 0~5 min, BX10%; 5~50 min, BX
10%~40%; 50~55 min, BN40%~90%; 55~~62 min,
BN90%; 62~65min, BN90%~10%; 65~75 min, B
10%

DUE LR R . SRR WNHERR . FFEEE. Zre iR,
FOT L AR PTRERRAE S TR IR AR AR (), (i
TRCAMAER (YD), ZelbriEh £k
14 FEaes

FHRDEL3 R, SRR AxLs, BIEKH
Excel 200784317 G5 1t 70 #r,  IFFISPSS 2108 R AT Ak
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Table2 Contents of free, bound and total phenolics in
nine plum varieties
mg GAE/100 g
o RESMEE RNEHEE
Uidali Gl B Uat Gih B

FAA 301001617 2243078 383434558 147.05£374° 67310.13° 153, 78+3.84°
B 140304497 474£028° 145.04£469° 11393£059° 7.904022° 12183£0.39°
A 6516011540° 34.8910.94' 6864941455 19126+1.56 11114023 2023741.70°
A% 760081184 15.8040.13 775.88+11.87" 291834217 10.0840.25° 301.9142.01°
A 3718621619 14.14£0.15 386.00£16.12° 140611265 7.04+0.02° 147654265
fitd 93394457 18131047 111524467 112702196 7.94+0.35" 120.65£2.10°
Mg 275384412 24114146° 299.504556" 1372541.03° 43040.24 141.55+1.13°
A 99044632 25584059 1246246.16% 17843+520° 1976067 198.19+551°
EE 7544236 21.08+032° 238614266 14097£051% 113H0.04° 142.10+0.50°

e FSRARNG FREAFRRORZ R B (P<0.05) .

2

FEl 9111.52~775.88 mg GAE/100 g, ¥ &5 Wy 2 & 70 [
993.39~760.08 mg GAE/100 g, 54y & &6 EN
4.74 ~34.89 mg GAE/100 g. 9 NAS[R] i Fl 25 1 L
() S Ty 2 B S 29120.65~301.91 mg GAE/100 g,

T & BV ~N112.70~291.83 mg GAE/100 g, 45
Sy A YR N1.13~19.76 mg GAE/100 g. 21
FzhmEtaLEes TRNZEH, HEESL2E TR
F. RAZMFEALER, HEHEE L A
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Fig.1 DPPH radical scavenging capacity (IC,) of polyphenols in the

peel of nine plum varieties

LRI, A 2R 7 R 2 By 5 DPPH H
MR ZE R K. B B EIC H G
Bl N9.62~41.10 pg/mL, JEFREESIT N: HEA4=>
WAL ZE> WL 2> 2. RS G MIC,fH 26l N
8.79~38.55 ug/mL, IGERAE ST N LA > B>
WA >TERSE, BRI, XTDPPHH HIEERRAE 15
SRR ARG S A, 52 R R RS .
AR 2 S R Ui B Wy, X3 B R 2 Wi bR A1 E FVCH
BEETHMBEFEFREZE (P<0.05) , [MifGfE2s
Ji 45 By X DPPH H I (115 bR AE /18R 2%

B2 0] A1, AN S A2 SR A 2 5 5 DPPH E H
FEMERGE N ZE B K. BT B Y 1C {8 A2 1k 78 [l
J94.38~33.38 pg/mL, JEFREEIIT J: ALILZE> R

MABE>SILEF>TME . RNEE G MIC[H Ty
17.95~46.46 pg/mL, JEERAESINT N: MO ZE>HE>
MR 2> 21 A 2s . BEARTT =, WTDPPH I H 3437 4 Ak )
SR PR AR 1L 2R SR A S T, LS A BR A AR R A
X2 PR 2 WG B 138 i T VC L L3 T At R 2=
FRAZE (P<0.05) , MIEHRFRLEAHFDPPHH
LR B A T i 22
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Fig.2  DPPH radical scavenging capacity (IC;,) of polyphenols in the

pulp of nine plum varieties
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Fig.3  ORAC values of polyphenols in nine plum varieties
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1.45~12.62 umol TE/g, WiFR: B> EH2>
LZE>0m%; &7 RAKFEHORACHEEE N
14.79~93.60 umol TE/g, ¥ A B2 > 4042 >
LZ%>BMAEF, FTRNLEEHORACHTEE N
0.24~7.17 umol TE/g, Wi/FH: VLLEHE>LAAME>HE>
Ml %, BATME, Z27FRE. RRAKFEHORACH
AT EAEH. N THEBMNE, BRIIL2%E. %L
b, ZFREORACH®R THETFRA: X T4 &M
5, BT RILAE LRELI, FEFREORACHS
TRA. 9 FEFo, B, AnFERES KA
BIMORACHES LB m, 5% WMAKRME, 9 MA
[ it Pl K 2= T I L ORACHH & B V5 Fl 8 60.74 (il
Z8) ~299.06 (£L47Z5) umol TE/g, KZH MM H
AR TE ¥R ( (96.21+10.80) umol TE/g) .
ik ( (83.94+14.05) pmol TE/g) .
% ( (83.484+8.88) pmol TE/g) , {H# A4
G OF R ZE TFORACH % K, B & Fh B
2 ( (245.06+10.58) umol TE/g) . ZAi%
( (299.06+16.29) umol TE/g) , Himike T
WRBERE ( (12.624+1.32) pmol TE/g) . &%
( (5.65+0.18) pmol TE/g) /K EFIORACIH".,
24 BT ZEA T

MRIEFLE ISR K, T 2P AAaET fiE &
B R BTy, AR R 45 % A 49 B AR S AR FEHPLC
B, AT T IXT7 PR AR SR AR . 7 FlbR A
HPLCHEI L4, & brif it (1 151 U= 7 F8 L33

5 IIO 1I5 2I0 2I5 3I0 3I5 4IO 4I5
L B 1] 1] /min

LJE LA 2.8 R F: 3R 4. %

B, SZTELE, 6.0 T.HEMEE.,

EH4 ZEkAESHPLCE

Fig.4  Chromatogram of polyphenol standard mixture
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Table3 Regression equations for seven standard substances

Bk i PRk i 2 e ZE (R 3B [A)/min
R LASTR Y=19 721x—12 404 0.999 8 10.660
SRR Y=17 074x—86 442 0.999 1 18.266
TR Y=36 572x+ 168 063.5 1.000 0 22.631
7 HE Y=54 629x—68 118 0.999 7 27.356
K Y=16 663x—13 184 0.999 1 29.271
T Y=10 940x—46 689 0.999 2 34318
FHPEE ¥Y=56 809x—138 222.3 0.999 5 46.848

O FE TR RSB NS E LR, &G
My e oy M BRSO Al Rz SRR B I 3 2

FOLRER . SRR MR . &, 28R, A%
Bz6 F AR AL S5 Ay EEMEILRIR. SRR T
HERR . ZEREE. F9TS MRAEYH L, TR RAZ
By 2l 73 1 ENIIR S .

4 IMETFHERASIMIE

Table4 Contents of free polyphenols in nine plum varieties
uglg
il FIER  4FR R FHE HEZ HEFE
ERE 053540410 80.08£387 874E130° 15702021 103054534 22.734+246°
Wil 330241781 6947H112° 12.924960° 14081030 4740+569%  5.97+0.06"
A 133024923 195474314 66851498 88.53£101° 2021842342 9.7341.92°
Uik 155454018 392.8341599" 78.89£0.10° 147.0214.01° 203.09£21.94 19.8640.72°
R R 19051074' 16824058 5340400 1755E2.04° 5011375 5664072
% 181348340 3265£001° 48414500 8324090° 15204634 2554003
T4 294364320° 131144272 153794173 28.69£049% 45074027 8.174£020°
%A 5954153 29234069 ND 1306147 45274646% 11331016
HE Q65446 30051219 396342400 36734300 22904160 1836£025°

EEAE RMELIT 119413° ND 6654037 T8UL1484  2724001°
Bz 58140300 12354191 ND 8294 111° 19.00£201%  3.02£0.01
BHE 29414109 155541678 10922059 2626+119% 452642.18"  40940.04"
OA% 26134£390% 361843415 9U5E210° 42867057 4586£064°  6.16£0.01°
Bl B 17615078 25251086 45610420 SLS6E524 3639L18TC 4314020°
Pl 03562126 32224129 29344068 1044£183° 11594268 2574001°
% S478+101° 8456217530 24604055 1590+ 111 9704255 377£0.10°
T%% 56441490 17312145 ND 13204050Y 2863+3.01% 3254006
EE 15001048 9894001 3062026 216£009° 13.074£001° 2774009
VE: B AR BEAS [R) 3R [H] — SR AS [ S e ) 22 5 B 3 (P<<0.05) 5
NDARAZME] . T

K5 IMFETr4AOMASTIRE

Table5 Contents of bound polyphenols in nine plum varieties
uglg

W &f RIER SER I HEE BT
FAE BHBEN 15462007 4191033 9384068 5374059
Bl S8I5E13.03 6324025 ND 50540805 5.1540.13°
HOA 169284199 19661064 4045117 6481076 9.50£0.19°

A% 08864134010 21324243 15578434500 47.63+1.35%  1844143054°
B OBAE 488534027 695H001°  1182E101% 139704207 28.73+142°
FilliZE 0447142283 656+0.11°  47914412° 56504063 43784429
M2 406342361 1654+007" 486620260  82.524£025°  12.114004°

T2 3543711560 122340520 41622668 43294035 43654520
BA 1048122037 890£0.62%  ST5E2I8 32454553 24234354
HHEA 151142269 7.68+059¢ ND 7024027¢ 591007
Bl 379.6147.14° 16844003 ND 16.104240°  10294031°
WA 47940+1276°  5424002° 1701155 2684007 39354103
A% 7198894058 67510200 598140760 9I1£050° 7856006
RN A% 40387H006° 159640277 3.18£0.09% 28114083 12.054£0.05°
Fiti% 9695242397 3038+£328° 25914055 28284+071°  17.94+£057
Miaids  263.894£6.88°  5.65+0.02°  4741008° 3804043 570004
% 179264818 1354041 ND 1620£022° 2071081
HE 107544025 6914006 ND ND ND
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Table 6 Correlations between phenolic contents and antioxidant
activity of plum peel and pulp
R R

B Bl TR &4
DPPHEI DPPHEI DPPHE i DPPHEI
s OVACH gy OMCE gy ORACH gy ORACH

IheE 0370 0930% 0000 0830% 0283 002 0102 0.707¢
DPPHEI LR 100 0264 100 —0458 100 —002 100 —0381

Hi

ORAC[H 0264 100 =045 100 —0102 100 —0381 100
FFRAE 0026 0304 —0121 —008 0509 —0.182 =000 —0.248
RERAE 0523 0806 —058 0657 002 0612 0161 —0201
WHER S & 0025 0302 —0543 0114 0482 0197 —0243 0066
HERLE 0477 082%  ND ND  —0.124 0486 ND ND
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FTHE ND  ND  —0654 0071 ND ND O —0380 0369
AEMEAE 0551 020  ND ND —0050  0.686* ND ND
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