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Chemical Composition and Antioxidant Activities of Different Apple Cultivars
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Abstract: The contents of L-ascorbic acid, soluble sugar, titrable acid and total phenols and pH of 13 apple cultivars were
determined. Meanwhile their antioxidant activities were also evaluated based on reducing power, scavenging capacity agaisnt 1,
1-diphenyl-2-picrylhydrazyl radical (DPPH ) and hydroxyl radical (+ OH), and anti-lipid peroxidation activity. Moreover,
cluster analysis was performed. The results indicated that 13 apple cultivars revealed significant difference in chemical compo-
sition and antioxidant activity. Starkrimson, Rattan No. 1 and Yanguang had the highest antioxidant activity, whereas Qinguan,
Pink Lady and Red Fuji had the lowest antioxidant activity. A significant correlation between antioxidant activity and total
phenolic content was observed. Furthermore, cluster analysis revealed the highest content of L-ascorbic acid in U.S. Pat and
Pacific Rose, the highest content of soluble sugar in Jonagold, Pacific Rose, Pink Lady, Qinguan and Red Fuji, the richest titrable
acid in Pink Lady and the highest sugar/acid ratio in Qinguan and Red Fuiji, respectively. Meanwhile, the most abundant phenols
were observed in Rattan No. 1, Yanguang, Starkrimson and Jonagold.

Key words: apple; chemical composition; total phenolic content; antioxidant activity

I y25: TS255.2 SCERARIRAD: A YT 1002-6630(2011)21-0041-07

TR PR, R 2000 7 1M, SRR it P A GURM . il 2R S 00 1 ke &,

HATBOS M8 SRR e, 57 E% 10 L- PR
R OB TRy S 5 A KR IR A AN D) RE P A
gre WP NRAERE R A EEARA], R, 3K R
M 3 SRR 3 N T e B B B AT B kel
SR E AR R O B2, BAT BRI
AL, RETSHRPT AN M AL S ite7T, SR AR O Th fig
PR AL, BEWS AR B Rk, DI . S K B R

ek H 1. 2011-01-23

ENE B IR kL -0

BN 3 SRAL 22 10 ST R TR PR R 2 S rp T
X B ity o D i ol S SR I SR04, i A S B AE
ANTRISE SR R 8] ) 2 AT 2 AN R 12290, BT B, A7 0 2T
G2 PSR AL S oy KU AT PR, R, Pl
Rtk A S R R 2 PP S SRS 1) T B AR, TR e
RUFHRBLRR A, AT YRR AR DR R, B 1R bL g 3

EZ WA TH(1984 —), 2, WiEAFRA, W57 Moy ED e84 2% 5 2y Y . E-mail: dingxling@163.com
*WAEMEF: KILI7(1965 —), 2, BIER, B4, BHs o RESEE MM . E-mail: z_jf008@163.com



42 2011, Vol. 32, No. 21 =1

XAERNBESE

SRR PRI, DA D R 3 X AN T b Al ) 3 2R 2
I8, AT LA B E SRR wh AR e R S ks, A
H A L3 Ty T ) BIF ST AR

A S 30 I AN [ i o R A 2 T S PR A
P, JF AL AR Z R . R, DA 2 ol s
PURMAR BN AT 13 Fh3g RIEAT I M. LU N 3¢
RIS AL PR MR AR R bR, RIS th 37 2%
P P B

1 MHELETE

11 MESEH

WRER (AL 5. RaAE . SRR\ B
W, Y. AR, L. oo, KT
B Bratet. ok 20 b)) BLE RS R T
B PG XEH A, 4 °C A R4

Folin-Ciocalteu A7, W& FI. - A b %,
1,1- TR BT ME(L, 1-divphenyl-2-picryl-hydrazyl,
DPPH) )2 V32 & [H Sigma-Aldrich 24 %], HARIR 71
hy 18 = gy b 4k
12 NHFRS5K&

RE-52A Jiek 75 k#x  FilgWosRALANEs 5 SHB-II
PR AR AN TRAWRAR; HZQ-
QX iy ds  M/RIEARBRHFHATTRARA A ;
UV-752 %40 - il Worae vtk Rt as A R 2
Al JYZ-C501 JURHRETERL  JUBHIRA A PR A wl
13 Jrik
131 L- Pk i g 2 = e

KH 2,6- ZSEEM €L, 20 GBIT 6195 — 1986
CRIL BHRgEAER CHRMETE.

132 EMRS R E

KW 7%, 2 W GBIT 12456 — 2008 (& i+
AR IO 5 73R, S FEEERE R R R LR SRR
i, Hg/100g £R.

133 MRS e

KB Lk, S ROE KRB T, W AR B

A PRSI 2. BB I 0. 0.1, 0.2,
0.3, 0.4, 0.6, 0.8mL FriEH % B #(0.1mg/mL) T A
FERE T, KA ImL, e8RSO TR BT
AmL B PR 7(0.2g BRI T 100mL KRR ), iR
FUKKAB A . 58 N 5e kG — I BN B KRG+,
HERRA R 10min, FHUKOKIBA IR S, T 620nm K
b 5 W B, 2 s b o o £

FE b P PR AR B B 2 R 8 3 SRURE it
BRI, FREUSg SERAIK T 50mL =AM, A
20mL ZEWK, #B4)G, T 80°C/AK®BH N 30min, H

R R L 08, D LR E R R L IR, W
DB AR BK EAR 2 50mL, &,

FEG AT PERE S S e . B ImL 38 B FE (R ]
PERESRBOH T B I, A 4mL B A7), s
BTV KA A A, LA B A ) 4 2 B A oA ot 2 1 2
il o BERE R AT MRS R R N g/100g.

134  pH{ENE

I 2509 i, #Evt, B 20mL Hit, T20°C
AT FORS S5 R B 1 o S 16 pH fE .

135 Bk R I

Z [ lacopini Z6J5vk. FREL 309 B3, T
RS, DAAR - 4080% L A, ekt
WL 4:1 fEA R IR 3% FaEAT 3 (15°C, 150r/min,
22h), 9k, EEER EIREENEESRNL R, &
T RIS, FEUR R S5 AF T BR 50 ), SR 5 HT I
fif e 4% 4 25mL, f9m MR 3 y), W frf—18C,
%M
136 M RE

X Folin-Ciocalteu(FC)i%, 2 M Kim 207775,
FHAEAE . M 0.2mL 38 BT 94 11 By P o 7 B B
W T RFRER (25, 50, 75, 100, 125, 150,
175mg/L) I A B & 47 1.8mL WK &, A
0.2mL FC A5, #&5), =i\ N &MY 5min J5, HIA 2mL
0.66mol/L ] Na.COs ¥, A5G A 0.8mL ZE 1K %h
JEEARUN BmL, T 23°CoK# AR 90min J5, £ 760nm
WA MW E . LKA ED . A
o W E 3k, BCPIAAE, R bRV i &t A
Pre, DB 100g SEAE T S MR R TR wHOE, B
fi7. 4 mg/100g.

137 PUEATE N E
1371 R AE

Z W Tung S50 IF LT 1L, IEAEE . HUAS A5
TR IR % 2 SR B %% 1.0mL 5 2.5mL B R 5 22 b
(0.2mol/L, pH7.0, Hi NaH:PO. 5 Na:HPO. Jit il ifi ) Al
2.5mL 30.37mmol/L [ FAL AR S, KRS E T 50°C
ZAF N 20min, AR5 MVREHH I 2.5mL 0.61mol/L
SRR A R N, T 3000r/min &4 R B 10min.
I25mL EiEW, mdLd N 2.5mL 2848 /K FT0.5mL
3.70mmol/L ¥ FeCls %%, T 700nm 3% A0 5@ WO
B3 kS5 P 3 .

1372  DPPH [ &35 B3 i &

Z: M Shi ZEUN Tk, BEAEE . U]k 1y
PERLA &G 0.1mL T4, FHi 0.3mL 0.5mmol/L
DPPH HIE# I, TRATJG I 4.6mL I, 7EmE = R
N 60min, 7E517nm PACKI EROGE . F R AR 4



XAERMETE

86iltl=

2011, Vol. 32, No. 21 43

HGBAERT R, 4% 22 (L) TSI R B R IBGAON DPPH H
HI 2L 35 B (S)

Asir— Apea
S/%=
At

IJQ':F‘: A g 5T TR G B Ammj‘JﬁéFﬁ'ﬂ&ﬁlﬁfgo
1373 « OH W& BRI 52

Z M Tian SR IERAEE S e oA
2mL R £ 22 ph i (0.2mol/L, pH7.4). 1mL 48 &
4F(1.865mol/L) 1 ImL AN [F] J5t & 4 52 1) P 8 7 e B
TRAT G R N ImL FeSO4(1.865mol/L) ¥, TR~
AN ImL AAF173 %1 0.01% 1) H02 %3, T 37°C/KE
HhCE 60min J A K 536nm Ab I E WO FEAE K Ak BA
FBEAR AR A, LA N [RDRE Sl sz, 0052 19 %
JREAE R Ase DLHTEEARRFE S, BLZE KRS H202
NARAE R, AR N R s, O B AR
N Ane HZEBAKEZRAME, & F 05 m ko4&
HUWO « OH R385 B % .

X100 @)

<OHIGE B %1% = : %100 )
1.3.7.4 ik A AL 3 2R )

2 Soares UK vk, FE/EE. K 1.0mg B-
TS M 5.0mL S, N 0.1mL i ER A
1.0mL i -80, ARSI Z& KA, FRMA 250mL
AWK, FREYT Sh FIRG K B- T2 b % - T
FR LU . HX 6.0mL FLUB A 2275 0.4mL AN ) JiT S
FET I 1 SR B AR o, SERIFE 470nm KAk £5
WG Ao, TR ETIAE 50°C KM Y 60min &, £EUK
K 470nm ZEIIE ST Ace BAASIOIAE B 98 R0 A A 5o 1t

B AR B- 1 N R AR N H R, 4
T ECTE SR R 23 B BRI B A A T <

Ac—A
———— X100 (3)
AJ—A!

At Ao Bl AT A S TE )R BT ] 5 Omin Al
60min IR EIE s A FIT A 43 5] ok Xof B A S I ) g
Omin F1 60min B 1 Y6 R .

138  EPrHEMIETEENY
PR BB (Indexm) FH SR P 22 AN [7] i Fofr 37 JEAE 25 Fil
PO I 5E J7 95 v 22 I AR 0 S8
FEfmBTA AL E
X 100
58 T R PUR A

Ao RS PUEALAE I 7 VE R X A
IR ECos 5 1Cso HIRIEL, “ %M€ 73 T I Kbt db
7 JiZ € 7% F ECos 31 1 Cso HIRI Bt K I 018 5
[ — B ) Indexm B INBCT 35050, R A 12t o 3 SR
PrE TR (Indexs), Indexs 8K, i b AP L 24t
A TS P R 22
139 ST

REANFES M 2 B 3 W, 45 R UCPIHE + brdt
ZE(XE 8)FoR, K SPSS16.0 H A4 M A [A] i A 1\ 5 b
1) 72 S 4 25 M RAH DG

2 HR5LW

21 AR T
MR L, ANFE SRR RS EF BE
(P <0.05). 3R L- Ui, w3, e mm

Jig it S AL A % 1% =

Indexm =

(4)

R1 AFRBIERD L- FURMER. WHEERE. WER. pHE. BBHEEMBERIL(n=3)

Table 1 L-ascorbic acid, soluble sugar, titrable acid and total phenol contents, pH and sugar/acid ratio in different apple cultivars (n=3)

S L- U IMLER 7 &t /(mg/100g) W PERE O 5k /(9/100g) % R ¥ 1k /(g/100g) pH Wi /IR HE A 5 /(mg/100g)
BB LY 2.83 £+ 0.13° 11.19 + 0.13° 0.39 & 0.01% 3.56 4+ 0.01¢  28.73 & 1.08 91.91 + 0.10°
FAAK 4.48 + 0.09% 10.53 + 0.04° 0.33 & 0.01° 3724 0.01  31.44 +0.17° 78.28 + 1.43¢
Je=} 3.80 4 0.21% 8.29 + 0.45¢ 0.42 4 0.01® 3644+ 0.01°  19.63 & 0.60" 70.26 + 0.41°
WLy 3.48 + 0.24° 7.90 + 0.10¢ 0.32 & 0.00° 3.9440.01*  24.05 4 0.02¢ 50.24 + 1.219
FE 2.53 & 0.21° 8.08 & 0.17¢ 0.28 & 0.00° 3.99 4+ 0.01°  29.39 + 0.50¢ 90.95 + 0.70°
KEH )\ 5 5.58 & 0.27® 10.62 + 0.06° 0.30 + 0.00¢ 3.90 & 0.01*  35.40 & 0.20¢ 55.79 & 1.759
R AN 1.53 + 0.27° 9.29 & 0.13¢ 0.32 & 0.01° 3.87 £ 0.01®  29.52 & 0.87¢ 100.77 + 5.50°
PO LK 2.35 & 0.40° 13.38 & 0.05° 0.40 = 0.00° 347 £0.01¢  33.44 £ 0.11% 112.92 + 1.81°
T 4.27 % 0.60% 10.84 + 0.14¢ 0.44 & 0.01% 3.66 = 0.01°  24.96 & 1.18¢ 83.07 + 0.20¢
AP B 5.72 & 0.66° 14.49 + 0.11° 0.38 & 0.02" 380+ 0.01> 38214 1.73° 63.39 + 1.32
Wt 3.56 & 0.69° 12.72 4+ 0.03° 0.48 & 0.03* 349 4+ 0.00¢  26.55 + 1.67% 72.32 £ 0.71°
256 3.99 4 0.61® 14.23 + 0.15% 0.31 & 0.02¢ 3.98 4 0.01°  45.25 + 1.68" 40.98 + 0.61"
AN 2.35 £ 0.23° 13.86 + 0.04 0.30 & 0.00° 3724 0.01°  47.79 + 0.14° 68.63 + 0.31°

e AR EREARIR R ZE 5 B (P < 0.05). K2,
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Table 2 Antioxidant activities of different apple cultivars

ik B ECos/(mg/mL)  DPPH [ H1FEiE R ICs/(mg/mL)  + OH iBR% ICsol(mg/mL)  JRFU AN % ICo/ (mg/mL)  BHiA IR R Indexd%
WL 0.29 £ 0.00% 0.29 +0.02¢ 2.74 +0.00¢ 0.12 +0.01¢ 81.27°
FAAER 0.39 + 0.02¢ 0.23 +0.02f 3.69 + 0.00¢ 0.60 + 0.02¢ 50.91°¢
ek 0.48 + 0.01¢ 0.38 +0.01¢ 3.55 + 0.02¢ 0.25 + 0.01¢ 51.78¢
T 0.53 + 0.01° 0.40 £+ 0.01¢ 5.71 +0.33 0.65 + 0.06¢ 36.03¢%
wh 0.30 £ 0.00% 0.13 £ 0.01¢ 2.65 +0.03¢ 0.19 + 0.00¢ 85.91%
FEN\F 0.63 £ 0.01° 0.41 + 0.00° 5.13 + 0.00° 0.70 + 0.07¢ 34.74¢%
BiEAVES 0.27 £ 0.00° 0.17 £ 0.00° 2.35 + 0.05¢ 0.18 + 0.00¢ 85.82°
T 0.36 +0.02¢ 0.28 + 0.00° 3.55 + 0.07¢ 0.31 +0.01¢ 56.820
Houh 0.37 % 0.00¢ 0.33 +0.01° 3.56 + 0.04% 0.23 +0.01¢ 59.38°
YRR 0.61 & 0.01 0.54 + 0.00° 5.65 + 0.01% 0.32 £ 0.01¢ 37.36¢
MLt 0.57 £ 0.01° 0.61 £ 0.00° 6.14 + 0.00° 2.41 £ 0.25 28.13¢
%5 0.76 + 0.00° 0.88 +0.01° 10.92 + 0.22° 6.53 + 0.28° 18.47'
g 0.63 £ 0.01° 0.51 +0.01° 5.85 + 0.07™ 1.57 £+ 0.05° 29.14¢

MY S 2y Wk 1.53~5.72mg/100g.  7.90~14.499/100g-
0.28~0.48g/100g. 40.98~112.02mg/100g, pH i M B %
ELAR AL S 23 )l 3.47~3.99 1 19.63~47.79. K[EH )\ 5
R T PE LT EOR I L- DUOR MR & i, B e B
el AL BB 28k RAL & L 10 ] s o S
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SR i
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B, 1Cso /I, i BURET B 19 o 2 1) 6 ) B0 i s o ik
FAL I RE ) R . ECos R IE JRUy I 1ok 7R R RO JE
0.5 B4 UK B, Hi& I Jy i T .

HH 2 I, &b A IR ) 22 5 i 3 (P < 0.05),
BB ECos fHim /N, KN AZRN 1/3, RIFHLL
SRR IR SRR T o 5 SRR SE R T R E N
WA B > L 5 > 6> Tr gl 4 > B oo >
P A > A 2F > WGk > 21 Lo b > P LB > 40
>\ >Rk, (BT FR DPPH FH L) 1Cs {H
e/, BFES6(¥ DPPH [ i LS bR e S el 75 bR op
R DPPH [ tiEiE bR e T by SEXG > BT 40 R > A A
B> TR gl 4 > R L 5 > 30 > b3 > > 56 [ )\
S>SUE LS KVPPEAHM > WA L >%u. HFas
1) « OH V&R BE ) de ik, 1M1 23 ¥ « OH T R g ) & 2%,
Bl B 1Cso (H KA1 72 2556 1) 1/5 . i i S0 e
FEAC L 5 B 40 AL R G G4 o g e S A 1 RE )
ek R 22, e 1 Coo fH 23 I R 1 551K 54 %, Hi4lL
JEI 36 fiF . EYGI 34 fi5.

FHCAA AR s WA [R] b S 2R 10 B B AL fE
I3 AR, B BT LA R 1 5 R I BRI
BPURACRE S, BT FRa<e . db Sk AR A Y
PUAALRE ) U, ek, S J\S . ORAP AL B
Wb AL E LI R B .
23 BRSPS TEAT SRS B

K3 EMAERSHAMFTHAXES T

Table 3 Pearson correlation analysis

HiH BEE L- PUARILIR & =

48547 ECos — 0.848** 0.547

DPPH [ H3E5 FR 2 1Cs0 {8 — 0.742%* 0.378

+ OH i BR = 1Cs {H — 0.789** 0.342

JIE T Jok A AL Al 6 1Coo i — 0.581* 0.103
BPUEALHE S Indexs — 0.787** —0.520

e *.7E 0.05(2-tailed) KT ARG L2 *+.1E 0.01(2-tailed) /K SFAH I
ST E

& 3 A, B 5 IE)R ) ECoss DPPH [
HEEIERRZE 1Cso fH « OH IHBRZH 1Cso {H NE I 4k
JiH1 2 1Coo {H AN PTAALAE ST Indexs 22 3 TR R,
RS SRy e U A A RE T L I
Kk « OH FI DPPH HHEEMIRE 1 BPUEMIETEZ M
WEIEAIG(P < 0.05). L- PihMiR & =S Iraim ke
) FR AR P AN 35 (P > 0.05), BV L- b i oo 3 SRt
AMAERBA R E ok, e EF e FErs Kk
Leontowicz ZE24f) k18 45 ] —2 .

24 B

WAL 2 LA LR BT TR B0 13 By AT 2R K
I3HE, BEANEEAIRH Average linkage iR, FH
KGR B F T3, 19 SR BMIEIE (] 1a~f) .

WEEPIR R A, EE/)NS. KPP
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HR LR b R UE AR TR A7 A 2 R(P < 0.05).
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