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WE: ZHRMNETEATIORLMAAREER, T BT 3IAFEOEH, EXWMAZTHH, A ER
1,1 -=2(4-2-Z# A B (DPPH) |, 4 & Fi& R4k A M 2 (FRAP), 2,2 - R -=(3-C A -FK foknk-6 -#8R)
4R (ABTS) £ 3 A7 ks A R A FEREATT 0, FRE—F 2N T RARFLOBHED AR T LS L RAA
EMG AN, ZREAN. B0, EXRARAETSHRIOFRELANZTRAHT. SR, B, HF=Z3 A%
ERRESBRROOSANRELEM, AAMI ST RALMII T EEXFR T LRGN MNAEELEMH, 2F
M 78-8 FardiymAn. ok, HAR B LI, REAAERE AN F kA %, A DPPH,FRAP, ABTS % 3 # 7
FHRANFTERBAFRALSANZITE, TP ER, SARABRDIHEN, BELEMER, BT 788
Jo. A mAR FHRANERERR. RAREELS LR, EARRA T HROMEAR SN ERAN, ERE
B, EEMAETSHS ABTSHHARBAEAATFEL(p<<0.01); T EEH. ¥ XWKE 5 %5 DPPH.
FRAP,ABTS #9480 %t A A 47 % & L (p<<0.05); #F & &8 K &5 %5 DPPH,.FRAP.ABTS, ¥ MR & o &K
5 FRAP #9468 % % B A 44t 3 & L (p<<0.05).

x @& A MF; EE; REE; AALER; mAR

FESES: Q949.752.7 XHEFRERG: A XEHS: 1673 -9868(2015)05 - 0058 - 08
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1.1 #&# #
MR F AR, K F VD A, BT R, AL, B, SR REEM, REREEM 1 5. 2F

O WRHEWH. 2013-11-21
RETWH. ERH AR S (31171930); &R T H A B2 3 4 (CSTC2013JCYJTA8002) 5 M e & % Jk A Bl WF Mk 45 9% & T
(XDJK2014C091) 5 P4 KA i1 F 4 (SWU112016).
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VMl 78-8. b Vb H A . B E B R 3 5

MR T EHRTAN X, B F 7K, DA AT, ERRKHEAR - ARKEAET RIFWE
PR TERMAR LS AT R /N A1 L IR E R . Josk HU3 Y UaUR 52,

.2 X 7

DPPH (2B 99%), TPTZ(4EE 99%), ABTS(ZiE 99%), Gallic Acid (45 99%), Rutin (&l &
99%), Trolox(4fifF 97 %) ¥y [ Sigma 24 (St Louis, MO, USA); HAbKHI 2 Ry 40 Hraiilk w1, W[ b
ESQI DI K i A | A
1.3 UR5E&

% P Milli-Q Advantage A10 B 4liK & 4. 35 % 2 {# (Millipore) A Al ; LT K (& & 0.1 mg,
Sartorius BSA 224S Max 220 g) : 5[ 38 Z F| i 4 41 ; KQ5200DE R4 5 iE Ve A - B 1Lt A5 A3 A7
RS ) 5 %8 40 0] UL 43 % 56 BE 31 (Perkin ElmerLambd 25 #1) . 26 [® 31 4 ¥ /R B4 75 /N 5083 % ML (ZN-
04A) . ™ E b 5T X4 R RIRF B & AT IR A Al F BPE I 5 KT R 4 (DHG-9240A) « [ 1l 55 ik B 2
AR A B AL
1.4 F &

1.4.1 B EHRRER

il 7 SR 92 R A 5 S R Loy A L TE I FR T 3 NI, R LI RN B, B AR, 40 CHETE
ToKE/ANT 5%, BTSSR 60 B % 5, 64T TIRIS& M. FRBUR & Wkl FFH S 0.4 ¢
F=MMA, A 8 mL HEEHZEG], #£47, 50 C#B 7 $2H 30 min, 5 000 r/min &> 15 min, B FWH K,
B PN 8 mL A A SR IR B B PRI 2 k. A RH BRI AR . B OF LIS W, JFE A E 25 mL, A7
TE—20 C# M.

1.4.2 BB RE o0

%% Singleton 0 B J7 ERE BT, 43 B 250 pL & #SALEE O . T 10 mL .04t n A4k
750 pL, FEZ), BN 1.0 mL fAAREH . JeiR =, BEAAE 5 min, A 1.0 mL 5% Na,CO, &, 7
SHRAE . EIRAUE 60 min, F 765 nm AWM IEE. LA T R ObR AR VR bR o 2, R D TR A B0 %
BT Y E GAE(Gallic Acid Equivalent) 7K.

1.4.3 R5KER 25 %02

%% Kim %0 19 97 ¥ s & e, 43 SH 0.5 mL & AR, T 10 mL &0, n A gk
0.7 mL, {215 M 0.2 mL 5% NaNO,, {25 # & 5 min, MA 0.2 mL 10% AL(NO,), ¥&5) 5 # &
6 min, A 2 mL 1 mol/L NaOH, /il 1. 4 mL Zi/KEZEE 5 mL, #2515 #E 15 min, F 500 nm &b
JEAE. LA T b AR VR bR 2, B B BT i 43 8O 7 T 2 i RE(Rutin Equivalent) #75R.

1.4.4 DPPH awAFA%m £k

%% Gorinstein 252 [l )7 B Mg A& 2. B & 75 pwmol/L (9 DPPH . 48 %I 0. 5 mL £ %5 fi7 32 Bt
W, oz 3.5 mL DPPH W, #8630 min J57E 517 nm ZPUE WOGME . PAET 80 % I EEY Trolox
NEREEMARE R 2k, B LBE I A Trolox &k TE(Trolox Equivalent) £/,

1.4.5 FRAP# & FXR %%

£ Benzie 2579 1Y 07 W W & 2. FRAP R : 0.3 mol/L BEHR 2 bk (pH=3.6) : 10 mmol/L
TPTZUGAET 40 mmol/L #£#2) : 20 mmol/L FeCl; =10 ¢ 1 ¢ 1. 43 %IHL 0. 1 mL &&BA 2 HUK . AL 9 mL
FRAP X5 % 15 min, F 593 nm A E WG, LU T 80 % H BERY Trolox MARFEMR e #h £k . Bt A1k
8 71 H Trolox % & TE(Trolox Equivalent) 7K.

1.4.6 ABTS A & A ALK

%% Almeida 2672 1 07 B & A& k. B 176 pL 140 mmol/L iF B MM A W 5 10 mL 7 mmol/L
ABTS IR A #E RN 12~16 h, SRJ5H 95% LB B ABTS i = WO M (0. 7+0.002), 155
ABTS ¥, 43 9B 0. 2 mL & #A3REOR . A 3.8 mL ABTS & 10 min J5 T 734 nm A0 & W 64,
PIVET 80% HEERY Trolox MNAREEMUFRUER 28 . PLE LHE JIH Trolox X #& TE(Trolox Equivalent) IR,
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1.4.7 #EHHT

K H Excel 2010 1 SPSS 19. 0 AT 84 Ge i, FrA BR300 =047, a2 45 5% DUSF 29 E £ br if
2: (mean=tSD) /R, FLHEHE R ANOVA #4738 [X (Dunken) 22 54387, DL p<<0. 05 HEA G iH¥E
X)), p<<0.01 I EAGI2=E L =),

2 ZRE5H5)
2.1 BERYRREHHBER
2.1.1 BASfATFREAFRLER R TSR EF

H2e 1 A, FRTH 10 KA 284 S i sr 22 = BA ge it 2% 8 L (p<<0.05), AR ME g (4. 15+
0.23)~(9.20%0. 84) mg/g GAE DW(T &, Dry Weight), Fi% % hh (0 5 & /0 0 i . 8T Ry i &
O3B S B B B S B G B L (p<<0. 05), B IR N (4. 99420, 28) ~ (8. 84 0. 27) mg/g
GAE DW., EJphh 3 50080 m . FREM 150 8UR K 7 B m il e s 7 B Gt
B (p<C0.05), ZEME K (3. 000, 08) ~ (4. 68+0.49) mg/g GAE DW, ELJphl 3 5 i Tt 7 20 B v o 89T
3 ) S AR AL AN [ 7 I T o B . AR B/ IR M T (7. 07 mg/g GAE DW) | %
£ (6.77 mg/g GAE DW), FF(3.72 mg/g GAE DW).

F1 WMFARBEBEYERENE

%" &K i i Fil ¥
who S BRSE  SEEBERESE SmBRESR/  SEEBERESE BB R SR
(GAE, mg+g ') (RE,mgeg ') (GAE.mg+g ') (RE,mg+.g ') (GAE, mg+g ') (RE,mg+g "
il 8.95+0. 22 8.9340. 41" 8.7440.19° 6.1740.17¢ 3.4340. 21" 26,5140, 44¢
K7 W 7.760. 65" 10. 46 £0. 46° 6. 8340. 32¢ 7.08+0. 57" 4.3640. 56 34.3942. 88
YT A M 4.1540. 23¢ 6.4940. 33¢ 6.1740.51 6.8840.09" 3.0040. 08° 29.16+1. 16>
ARl 9. 080. 54° 9.67+0. 31" 7.960. 44" 6. 2020. 20¢ 3. 7540, 60 27,6544, 90
3 4.86+0. 83 6. 920. 86 5,500, 13% 7.3240. 44" 3.18£0. 02¢ 34.8841.48%
R 9.2040. 84° 10. 9740. 93¢ 6.6940. 24¢ 4.86+0. 21¢ 3.6240. 38" 34,3142, 99%
EER 15 6.110.07¢ 8.33+1. 20" 4.9940. 28° 6. 590, 49¢ 3. 2140, 52¢ 29. 4943, 60"
Al 78-8 5.9540. 93¢ 7.1540. 27 8.3140. 29" 8.6941.19° 3.5740.10% 35.61£2. 58
TrL v H Al 5.8140.17¢ 7.4440. 12 6. 640. 43¢ 6.75+0.51° 4.39+0. 80 38.5543. 06"
HIphl 35 5.8340. 43¢ 7.5140. 32¢ 8. 8440, 27° 7.9940. 56 4. 68240, 49° 33. 4442, 37

e RRUNG R 2% 5 BA G 3 L (p<<0. 05).
2.1.2 B ST ARRFREEERRESHEF

2 1A, HRT 10 KA P BB T i - 4 22 5 B A S # 8 X (p<<0.05), ZFME Ny (6. 49+
0.33)~(10.97=£0.93) mg/g RE DW, B iR Al (1) 51 it 73 80 e » 3T UV AY BT 6 0 B0 AR 7 5 2 1
TR AR L 5 B Gt L (p<<0.05), A8 HE K (4. 86+0.21) ~ (8. 69+1.19) mg/g RE DW., FHh
78-8 1Y T ik o KA . FEER O 09 BT o O A b T S B R BT A 0E R BA SR L (p<<0. 05)
ASME R (26. 5140, 44) ~(38.55+3. 06) mg/g RE DW., ¥t v Ikl 5 4 40 B0 &5 . 40 Bl 9 5 4k 43 5
B AR AN R R A B A 5T A A O LA, AR BRI A (32. 4 mg/g RE DW) | 4K (8. 39 mg/g
RE DW) ., 12 (6. 85 mg/g RE DW).
2.2 mMEAEERBER
2.2.1 DPPH B Wik #F®kt

PR 10 K440 DPPH [ M2 FRAE I &l 1 frR . %K DPPH 2 5 BA g1t L (p<<0.05),
AR AL TG R (55. 0543, 37) ~(88. 83+3. 75) umol/g TE DW., E 4l 3 5 DPPH H h FiE R GE 1ok, 3
Al 78-8 555 i DPPH {H 2 53 HA G 2253 L (p<<0.05), ZE4LIE I A (72.5441.50) ~ (153. 28 +
11.07) pmol/g TE DW, -4l 78-8 DPPH H i L5 BRAE ) fe ot . YR Al 55 ; A1 DPPH (12 %+ B A
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it L (p<<0.05), AL G R (26. 6241, 64) ~(61.99+1. 38) pmol/g TE DW. it 7> WAl DPPH
FI 2R R A T i . 2l 78-8 fk 5. AN[HFEAL DPPH ¥{E Fdr . MR E/IMER N i M (120. 52 pmol/g
TE DW) ., #£4(70. 92 pmol/g TE DW) ., fliF(42. 42 pmol/g TE DW).
180

a

160 F ab abe
od bed

140 | d
120 ¢
100 - a

be| g
80 |-P be de g cd

60 be b b @ fF

40 F ef f
20 +
0

ERRDPPHEME/(uvmol-g' TE DW)

RIFNG TR 3 22 5 B B2 78 X (p<<0. 05).
B 1 #MFABIBA DPPH B B EFREE

2.2.2 FRAP % & F & Rt

R 10 K4H FRAP B TR I RE 1 i 2 iR . K FRAP H 2 R HA ST % E L (p<<0.05),
A ARG Ry (48. 4741, 73) ~(80. 05+2. 66) pmol/g TE DW, I 1% % fl 2k 25 136 J5 e F7 Feom, 2R 55 ;
i FRAP A2 R HA G4 L (p<<0.05), AL N (62. 6241, 74)~(117. 82+13. 23) pmol/g TE
DW, P-4l 78-8 4k B T8 e J) ek, BB M SS; M7 FRAPHZER B A G #E X (p<<0.05), 4
LGl A (31. 611, 07) ~ (43. 68+ 1. 24) pmol/g TE DW, K 75 ¥b A £k B 730 J5LRE 1 fc i, T A A 5 59
ANIEIFRAL FRAP BI{E oA, IR B/ MER A HHE(79. 39 pmol/g TE DW) |, 44 (62. 89 pmol/g TE DW) |
Ffi 7 (38. 55 pmol/g TE DW).
140
120
100

80 W EX
| e

O fF

60

40

20

B FIRE/(Lmol -g? TE DW)

0
XQ‘/&
)6.

. (o S gd g

%._}\;@@
/N R R 2 2 5 AT B2 0 L (p<0. 05).
B2 TR E DSk FE A

2.2.3 ABTS & w1 & #F B4k

HPKT 10 K4aMh ABTS H i ZEGE S &l 3 iR . K ABTS [H2 5 A G142 L (p<<0.05), 5k
TR R (7.6240.55) ~(12. 104 1. 32) pmol/g TE DW, I Z % Hh ABTS 35 % A i 3£ 6E /7 e o . 28 Al &
595 7FH ABTS 2 5 A G122 8 X (p<<0. 05), ZB4L [l (4. 80+£0. 06) ~ (11. 08+0. 98) pmol/g
TE DW, Z2F-Ail 78-8 ABTS{H bk A HI 5L A ) fe ol . BBAN IR 55 M ABTSHZER BA ST R X (p<
0.05), ZEAL G K (3. 424+0.17) ~ (4. 61+0. 24) pmol/g TE DW, K % Vb HH ABTS 5 K A H % fig
IO . FOA M AR 55, AN [FES 2 ABTS ¥ E b8, KB /MK IR O 8 4 (10. 25 pmol/g TE DW) | it jig
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(8.12 pmol/g TE DW) | Fl+ (3. 85 pumol/g TE DW).
161
141 a

ab a
12+ abc be bc

10 -
C d c C mER

| i
be od d d d d ab o MF

ERRABTSHEE/(1mol-g' TE DW)

PEPE

@7@?;%-_}\;@@
ANR/NEFEARFEZFHA G F L (p<<0.05).
3 WFARBIA ABTS HBHEFREE
2.2.4 ZEFAAR A IRMIE R
FwIRT 10 R ML &P AL EE SR 5% APC(Antioxidant Potency Composite) ™ {3 2 R,
x2 WMFAREIMALA APC HEH

vt 7t A/ % i/ % /%
A A 82. 35 85. 38 69. 85
K770 H A 83.13 78. 65 91. 60
L PINEYili 88. 00 77.23 87. 40
ARt 79. 45 61.73 75. 41
ZE Al 62.72 19. 63 73.12
TR 2 M 96. 92 48.95 76. 48
JREM 15 74.21 71.79 69. 52
837 Hly 78-8 79. 14 100. 00 67.75
AL v B Al 74.00 79.42 95. 86
HIvth 3 5 90. 28 78.05 93.56

NI S A B9 APC 45 808 AL TE BBl ol 62, 72% ~ 96. 93 % . T 1R S A A0 B . SRR B SR AR T
APC 85U AL FI A 48, 95% ~100. 00% , B2 F-Hh 78-8 MY Hc i, FH IR B M09 Fh 710 APC 85028 1k
T 67, 75%~95. 86 % , by AR e . BFAl 78-8 By s AIL.

2.3 BMEAYWREMENE BN
PR 10 KA AhAS [R] FR AL 1 26 ) Jo7 ot 0 4505 Bt 8L A0 B 0 i A DG Pt n 55 3 .
3 WMFARBEBEMRSHALEAHEEXNYE

sy S TR DPPH FRAP ABTS
A DPPH 0. 257 0. 306 1. 000

FRAP 0. 126 0. 102 0. 347 1. 000

ABTS 0.611"" 0. 650" " 0.499" " 0.391" 1. 000
T DPPH 0.467"" 0.507"" 1. 000

FRAP 0.390" 0.738"" 0.610" " 1. 000

ABTS 0. 447" 0.447" 0.886" " 0.570" " 1. 000
i DPPH 0. 460" 0. 150 1. 000

FRAP 0.426" 0. 400" 0.585" " 1. 000

ABTS 0.568" " 0. 280 0.698" " 0.709" " 1. 000

T ox x N p<0.01 KEERWMEEGITHE LR ; *» N p<<0.05 KFEEFEAGH %2 LOUE).
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FEACET . S i 5 %S ABTS {6, DPPH {5 ABTS fH 2 M i 3 IEAH G K R (p<<0. 01), FRAP
Y5 ABTS HE W E IEF XEER (p<<0.05); ML EY . BB ER T & 43 4k 5 DPPH {H, &8 i i o 400
FRAP i, DPPH {5 FRAP {ti. ABTS {fi, FRAP {5 ABTS i & W2 FAHE KR (p<<0.01), Bl R
HPE0S FRAP i, ABTS {H, M 8 BT 40805 ABTS i 5 3 IE MG & (p<<0. 05) 5 il F S i
-80S ABTS {H, DPPH {H 5 FRAP fi, ABTS fi, FRAP {85 ABTS {H £l 8. LA KR (p<<0.0D),
S 53405 DPPH (A . FRAP A, S0 i 73 %005 FRAP A 52 W 35 I AH COC &R (p<<0. 05).

3 HiE5Hi

M 24 10y JO0 2 A AR P — o B A R AR AR A, AR R R A RGE. O TR 28K R R B
P PR S T I A o BOIR A F AR TR 35 AT BE AR T 9 AN A A A R R R e R R T R R, R PR
i R 4y B e - iR # 9. 68 mg/g RE DW B8 S0 %6 10 1] JLAS 32 ZEA A &b B B4 T T T BE M 143 B 4%
B AE , FF IS B A S A R T T 42 B0 (13,1620, 16) mg/g RE DW; ZRBEH DS BESY TR SR L R &
AR E AW AR LA, S SR AT SR S R L R R R T A SO & E R B R S B R R
R B, AR E R TH 10 K44 Al AR S A . THAE . R 3 A0 A0 Sy L L B BT A A AT T
SE 5 NI RS AN L AR B T A o A2 e LA G S B R BN A B L T A )
Bk s FLRAN 3 5 T R A S BT A A B . TRl 78-8 Y M A R T A A e e s EL A 3 5 AT
PRy T 5 43 5 Hne v+ I b U FE A o A B TR 0 B

HRT, EF AT 2K R A AT M B C A A D G R 250 R s SR R i SR s 2 A
N RGEBF SR 8 /0. Ramful 6057 B F§ TEAC F1 FRAP ¥l 8 1 6 BoRET 21 R g (A & 2 41 8 4L 0%
L i = W AR o =1 P A W S 0 0TV 11 2 R (L =TI RN (LIS e S i oy s A Y RN A B 12 8 S
ERE . 38T T SR SRR AR IS A R RS IR T R A3 B A3 A A A R SR M AR Ak, 5 S 2 B B R S AL
2, RAMPLEMTE S IR TR, REMBUERE R TR IR K, B E BRI RRAL. A
W55k T DPPH A JE75BRAE S . FRAP 8B FiRJFAE 1. ABTS A L35 BRAE S 3 Foik, #sE T &
PR 10 KA M BCAGR S, THIE . FlF 3 ANERA A e AT . BT S AR 0 1 D R BN T, 3 R O ik
HSCIGSE SR E 22 5. BR BN AC, Tl 78-8 THIE . Wb v Ml A 7 9 255 B S AL T 1k SR

B2 MR, NG 2K R4 U v B 28 W o0 5 T RS R 2 AR AE A DG . Xa 2SI T NG
POR S W0 0T 70 28 o 0 50 T 0 0 o ot 0 B T AUk T T R L 2 SR 3 T R M R RO A 1 T 2
Y 5 5 A AT e AR GE it B SCE M S R (p<<0. 01) . ARWFFERY A M Hr 45 SR R WY, B S
ST A i A0S ABTS WA G B A Ge i 2% B L (p<<0. 01) 5 I M B My . 536 T BT & 42 805 DPPH,
FRAP,ABTS AH B A G52 L (p<<0. 05) 5 M7 Sl i & 43 %05 DPPH,FRAP, ABTS, & 5 fii Jit
M ECS FRAP WA CPERA Giit 77 2 X (p<<0. 05).

ARAIFGT LATE PR 10 K44l 14 LR S R X 42, A3 Al 1 44 S Rh A L TR B 3 AN B B 2K
JOT T H 3 B T AR TS . A AN BB A Y B S O 0 B S B N R B/ R R, B T, A, P
SVEERR . B BEAR L TR AN IR RO A A AR A B S AR T 5 5 I E A K BN R IR, DPPH: Tt
. A, FhF s FRAP: i, #84K . s ABTS: SR JHHL, B, 84, JFHE. R 3 8000 I3 24 5
SR R SR DU P SR I R A R B A . TR 78-8 b v H A

S 23K
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Phenolic Contents of Ten Famous Chongqing Pummelo

(Citrus grandis) Cultivars and Their Antioxidant Capacities
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Abstract: The total phenolic compound and total flavonoid contents in the SM (segment membrane), JS
(juice sac) and seeds of ten famous Chongging mature pummelo (C. grandis) cultivars were determined
in the present study. In addition, the antioxidant capacities of the three parts were evaluated by DPPH,
FRAP and ABTS methods. and the correlations between the contents of phenolics and their antioxidant ca-
pacities in each part were analyzed. JS and seeds were shown to have the highest total phenolic compound
and total flavonoid contents. C. maxima (Burm.) Merr. cv. Guanxi Yu, C. maxima (Burm.) Merr. cv.
Zhenlong Yu No. 3 and C. maxima (Burm.) Merr. cv. ZhenlongYu No. 3 were found to have the highest
total phenolic compound contents in their SM, ]S and seeds, respectively. C. maxima (Burm.) Merr. cv.
Guanxi You, C. maxima (Burm.) Merr. cv. Liangpin You 78-8 and C. maxima (Burm.) Merr. cv.
Shatian You from Yubei contained the highest total flavonoids. In addition, antioxidant capacities varied
significantly depending on the test methods. The parts having highest antioxidant capacities were JS, JS
and SM evaluated with DPPH, FRAP and ABTS, respectively. the SM of C. maxima (Burm.) Merr. cv.
Guanxi You, the JS of C. maxima (Burm.) Merr. cv. Liangpin You 78-8 and the seeds of C. maxima
(Burm. ) Merr. cv. Shatian You from Yubei exhibited the highest antioxidant capacities. Correlation anal-
ysis indicated that the total phenolic compound and the total flavonoid contents of SM were in highly sig-
nificant positive correlations with the ABTS method (»p<Z0. 01), and significant positive correlations were
observed between the total phenolic compound and the total flavonoid contents of JS and the DPPH,
FRAP, ABTS test methods (p<C0. 05). Total phenolic compound content of seeds was in significant posi-
tive correlations with the DPPH, FRAP, ABTS test methods and total flavonoid content of seeds was in
significant positive correlation with the FRAP method (p<C0. 05).

Key words: Pummelo; total phenolic; total flavonoid; antioxidant capacity; correlation
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