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IAERRE X R/EIA 7 RinE W& D

BUR ", #4505, M7, R, 3B, kY, KB
B AR B, 11T 852661005 27 17 2 HUPIIB 1 2K RS TR AR A, AL AR 5266109; Ll A LA B
A3, FEHE250013; T ALK F A AN WIS 5, LT E9266100; TSRO K 41 2255, 73210095

E: AL W ER AR A2010-5R K A X4, pHT 230 S H H4 5, 25 /5% E % B BT ATH R ik
(UPLC-Q-TOF-MS/MS) 5 #7132 K & BALH 4, 2t IR BALEHAT T30 0. 5 R A L AER2010-5R K ERTHLE
#390.2 mg'kg' (FW), LR A EHFF AT 1445, RS ARIMEN R ECF LR 24 2F Wi mieR. LR
. REHE3-0-FEF. LABH-3-0-LHEF. LARITAY. 5B E-3-0-FHB-FE08E. HRE-3-TELE
AAEF. REFE-3-0-FIEMEF. REFHE-3-0-TABEF. BEAFTHFL. WAL E-3-CBHEAAEBE-5-F B4 5 fo Mt
REMTAEY ., GatR4eE£C (Votark, LR R KL FIRRYTIF A b 2RI BIF 09 F IR R, L2 &2 DPPH
8 E R AR R, £90%h £, BT ER R K K EFRIRRM A VKL A35 mg- LT, 2 DPPHIE R E 55 492.77%F=
79.87%, 5T -OH TR ZE 5] 4 52.11%4237.55%, 3+ 05 FHRF 551 433.98%F213.44%. XA A G M FRMALT ARRIT

BACR] 69 T L A0 RAE 2 48 69 FF AR B BB ARIE
SR 41 ¥ R ; UPLC-Q-TOF-MS/MS; £ % 87; .5 3

SEREMHAEREMNRIT KR —, RLHE
B B e FLR R AR B ) E R INE, BT
& & 2 /DA AR e 3 R B R e Mtk (B
HEMFEE2014) . EH T & — K 2L THED T
16 RS KIEERAR AR, BR T RENE
&) (Cooper-Driver 2001), HAW) & B 1E &M
YRR A& BOSEIN r XZ —. LR
REHEA 8 ML 1 (Zhang®52013), #7524
DIRePER e Ak, RTAFHMOIARGE [
MNTHIRCR G, CA2RE T 16FE H R 2 2430
PE, a0 B AR B0 ik o0 IE 52 75 (Bhaswant55:2015)
P TE 4 (Chen%52014; Alipour%$2015; KSonze-
kovaZ%2015; SousaZ$2016). [y 1kJ& 2% (Charepalli
2:2016). [ (Kent%:2015)% . M Bk G iz o
SEHUH e T 1 eI IR E 40 (Jang62012) . 56
HEAF T o0 OH 5 S AL H (3L 1A
FF22009). FEBHPLEEH, I e hE R B AR 4A
1) 5 4k i (superoxide dismutase, SOD)iE 4 Fll L
[P 4E AL BE 71 (total antioxidative capability, TAC)if
AT B A IS 218058 (5K 4 £1.552006) .

XPTLLER, BARESMAIREC AL F /L, H
X HAH R RE A 2 . BREAREQR0I4)E &
XTLLAISE SRR B IR o T %, LLRSER G 20
WHEH. £FFAEARBRNIUER ) B EER
SRR SMNG BRI EERUR, R 1,1- 2K 4 -2-
T 3£ 2R F(1,1-diphenyl-2-picrylhydrazyl, DPPH)#0

s LEMLE

Fed H thF (OB R (GE I A XK FE2015) 0 i
PR — B E IR . AR TR R I 2 4
VISR, S S A H HEMS E IR E 2,
B B HBE, JEAE. BREBE. B4
AR S EIE AR B B, 5 s AR
O B AR 28§1993) . H AT, A7 L ASE R 4T
AACPERRHI IT 0 R WARTE . AHIF 5T LALL A SE SR AR
F2010-54184, T KR S bEFH & &, K
A B 23 DA R A FH = A L P Aty LR B 075 ok
DPPH [t 2 H HHEEAGE A B &7 5 2 ht
SAALIE I, DAV AE Y SE R B R D) e S pi a1
W FE 3R A BB AR HE, 1K) Dl e 14 2R v ik & LA
FRIRFUEA N TT R S B A B
MREE*E

e

IR A A PR RLZH DL 5341 RS R [ Malus
sieversii f. neidzwetzkyana (Dieck) Langenf] i Fj 4L
1 A AR AEF A e B R IR ZL AR
£:2010-5, EME T F B AR K Z BN AR AL
ARGk, 201558 H Ay, TAE 5 168 R A 18 3 el 25
R ) SR ST ] S B, —40° CIEY G VAR IR AT -

ks 2016-05-03  {EE  2016-08-31
BE EFRARFEIES(31372032), H K IARE AR
R R(CARS-28-01-07) W7 A= Ab TRE. FR 1L
R AR BT IRAERHE L RIUH (15-9-2-99-nsh).
* JEER (B-mail: zygd458@163.com).
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2.1 TAERRERENLDH &

PREUAT A3 S 5 R 2 100 g, 2 [H L 1:10
I EL e /K 2,81 000 mL, % iR SEEHZ R 10 h,
g, TSI AT AR T S I AN i
By ot . HU500 mLyERIE 28 2 B R, In2s ik
JE A 500 mL, 18 E Kbt AU s .

22 BEKpHREZMNRE ZEFTESE

ZL PSR R B S AT S B E SR F R
KpH7R Z v(HuangZ5£2009; GiustifllWrolstad 2001).
BOR B4R U1 mL, 43750 in A 39 mL 0.025
mmol- L' S4B g2 (pH 1.0)A19 mL 0.4 mmol-L"
FE R BN 2 PR (pH. 4.5)H, TR 21, 51041700 nmib il
W' AR -

FE SRR EEAE (A)THE A W

A:(AS 1 0_A700)pH 1 .0_(A5 1 0_A700)pH 4.5

VAR5 3 -3- A A bR N &, STl $2 I
YEaEE B S B E AR

ML B (mg L )=(AXMWXDFx1 000)/(ex1)

o, ARG, MW=449.2, 32 R 425 -3~
BT 1) 7> 1 & DE MR 7 100052 78 52
TR R AL €=26 900, SR A4 -3 AR
(1) BE RV O R A 1387 b L Y B ELAR
2.3 IRFERR KL ERLE 78N E

UPLC %A K - 4E g T+ 90 = A0 il
1% (3£ E Dionex Ultimate 3000 Nano LC System),
Symmetry C18€4i4£(150 mm=2.1 mm, 5 pm); DA
FEE IR BN AHA, DAARFR 43 %520.2% FH R KV R
B, BEEEPEME: 0~0.1 min, 5% A; 0.1~20 min,
5%~20% A; 20.1~22.0 min, 20%~80% A; 22.1~35.0
min, 5% A. & 0.3 mL-min’; F:75.35°C.

i it %44 : BRUKER MAXIS UHR-TOF MS /i
A, ESIES T8, 578 FE50~1 000 amu, HiM;%
BT IE RS R AR (ESTH), BANE 4.5 kV,
25T URIRLEE 180°C, JEVA IS I #6 L-min™ .

24 ARFERRELAFREMNEEHR
2.4.1 DPPHEEBEBRIFEMNE

DPPHYEA WL 2 — Fhds e 10 B i &, L
LRV IR R A0)7E5 15 nmAbAG F R, 7
INH AT, 80 B FE 5 T A A 1 TR
b 9% & (Villano%$2007; Brand-Williams%$1995;

Molyneux 2004; AssimopoulouZ$2005; Li%$2009).
TR SE S SR B S WA S B ) % DPPH I3 e i Pl
5E K FHKanoZ(2005) /7 154715 2. HX0.2 mmol-L™
DPPH#7%2 mL, 7330 N F 1 mLAS [F]34< B 41 A 3
SRR R EASE I, IS, IM30 min, 515 nm
ABIR G P A, B 3UK, Ve RIS R .

DPPH H H 235 BRiE v H S W

1% % % (%)=[(DPPH,_,~DPPH,)/DPPH,_,]*100%

Horr, DPPH, o2 J S JT U6 5 10 T O 8 1
DPPH,J&: DPPHYE /% %30 min /5 W6 B .
2.4.2 -OHERREMME

A RAE SR AL 4 A1, E536 nmAk
A e KW, H,0,/Fe® 14 238 i Fenton 2 3 7 2E
R B, A R FE-Fe® M A Ak AT R FE-
Fe'', {1536 nmig KIS 2K AR NPt b,
Fenton 2 N 72 A= 12 R R4 435 Bk, 17348 &
JE-Fe® 4 &) 52 B B SRyl />, DL e 4 48 4K
FT 5 E R ITERRIER . 20 RS J IR S
FEHL AT - OH ¥ bR v PRI & 2 % Ma %% (2016) 7
o PESALEKHIHIZEI1 mL, 0.75 mmol L4
—%3E1 mL, 0.2 mmol-L BB 2% i (pH 7.4) 2
mL, 0.75 mmol-L'#i RV 4k 1 mL, 0.01%5d LA 1
mL; 5475 2K o 4 28 B T SR U e R 28 TR R
19 2H K 400 1 2 SR A e R ZE T K . TR,
37°C7K¥#1 h, 536 nmAbIMIRSEAE, FEE3IR, Ve/ERH
H T R

OHERRIEPEA T 21 A =T 5

THERZF(%)=(Aps—Asg) | (As—Agugy)*100%

/ﬁ\:':':', A*i,ﬂ/‘\%*ﬁél:ﬁlﬂgﬂ i u&ﬁ[ﬁgfﬁa A?ﬁ{’ﬁ%*ﬁ’f/ﬁ
LI FEAE; A e ARG A IO CEE
2.4.3 O ERRIEMEME

TEGIOME ZAF TR, 402K =Wy kA= B A0 B Q
SN A R B O A € b B] P2 4, % 8] P2 )
1£320 nmAb A —REAEMR I, 75 & SAR & oA
PUEALA, BB IE 505 M, M L LE A 8] 2= 4
FRAR 2, A e 80 I MRAE 320 nm &b (K9 W B2 ik /s 3k
W5E H A O B BRE R - SEHUIXT O3 T B
G PRI E 22 Tsuda%s(1994) A FE 1 E 1B 2. HX4.5
mL 0.05 mol-L™ f§) Tris-HCIZZ /i (pH=8.2), 25°C7K
%20 min, 11 mLEEFENRE Y F0.4 mL 75
mmol-L 4% =y, ;%5 min, fiI1 mL 8 mol-L™"f{]
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HCI%¢ 1 [ ¥, 320 nm ARG ME, KA 10
mmol-L" HCUR B4R =, id NA,; ZRIEKAE
AR, 1A, HEIIR, VAEITER I

ANSR S L Sy e E /by =N A )
SN AS wa &

BT R R R R (%)=[(A-Ay)/
(A,=A))]x100%

o, Ao 2 T T 2 BV e 7% 1R K IR O
FEAR ;Ao 0 25 o ] 402 HA) A0 408 248 = Iy O IR ' 2
1B AR &0 =y B 45 CHCTR O A
2.5 HIBEHIT

X HIBruker Daltonic Compass Data Analysis
4.0MOrigin 8.0BK X st 1 A BEAT 704y 221
K, ExcelflIGraphPad Prism (&5 5kR) %A% X 52 56 %1
PEHATH T T

A

oA
Mg

1 TRAERREZUETHIENE

K F U K pHIRS ZE V20 AR TR 1% & 1 2R A
IRAAIF AR A 222010521 A 7 5 51 Bz AT R AR
PV AT & B AT IE, 45 R 2oR(&1-B)
LT ISER2010-5 98 185 1 5 5 8390.2 mg ke
(FW), T R & &R 2704 mgkg' (FW), X%
12010-52L SER B SAEH H, HARBAEF H & &
KL RAEERLAR . WL Y EI(E1-A)
WA LAE ), 2010-55 B 520 th, FEa R AL
R R, ROFAIRA T, B, A%
MEHUAE T H & i O R AR i Ba it Kl
2 ARFERRKIMENWEER S D

SR FH 7 e L VB € 1% e R DU ARORT AT I ] i
T 5 A (ultra performance liquid chromatography

B soo
450f
400}
350f
300f
250f
200}
150
100+

50+

EHESE/mgkg! (FW)

KA BB

B 20 AR R RS B PR MR A H & &
Fig.1 The fruit slice graph and the anthocyanin content in peel and flesh of red flesh apple

quadrupole-time-of-flight mass spectrometry, UPLC-
Q-TOF-MS/MS)x 1. A1 SR IR Bz 2 Bl j 73 #E 4T 73
T, S B TR L2 AR P A € B U ) OR B
). T BT R T AR AT AR T A52009;
I %52009; Silva%$2007; 5K31%62008; F %
2012; Alonso-Salces%$2004; ZhangZ52012; 7K it %E
2011 )Xo 21 A3 SRR B P R S B T B 7 HEA T HHESE, 2K
A5 BICE IR o AR H 21 A3 R B v S
FEA 2P B LR REKKR-3-0-
FAMEE . B -3-0-EF/FER . L EMATE
Y. RESKER-3-0-BRIAMR-F Hi ATl . 1626 K-3-
IR BT . REHRR-3-0-FIhifapET . RE
HR-3-O- MBI . MR T, Wl R-3-2

T 2 A W TG -5- A AT B L Mt S SR AT AR
3 ARNFERRELEAEHREEIX B HERER
3.1 XDPPHEHEREMRIER

DPPH & —Fi LA O IR Fooe (1) F 2
(ZEHPHAE2006), ME3TTLAE H, L0PSE R K
R EUILE7.5~35 mg- L VR i ¥ [ P9 X DPPH
S 1RV R R R AR e a3, THBR R AAE90% /A
o MIREEILFI32.5 mg L, HKEERIRE IVl
TE R N92.64%F180.50% . 24 15 2 (194 JiE 444
INEN3S mg L', 1675 F 107E R N92.77%, 3 &
ZRN, MVITERRNT.87%, & T, &
(PR, SR B IR A % DPPH H H 5 175 B
fEF T Ve,
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Fig.2 The total ion chromatogram of red flesh apple extracts
V5 S 52 I RO AR T
R LT RIS 7 R W P A TS M R o 5 T o A 4 S
Table 1 Analysis of red flesh apple extracts by UPLC-Q-TOF-MS/MS
U5 5 B4 15} 8] /min TR T (m/z) R BT (m/z) e 4
1 2.1 319.0973 317.0819 W
2 22 289.0895 289.0895 IR 33
3 11.1 449.1707 287.0563 RIEHGR-3-0-LFLHETF
4 11.1 4472591 285.0472 25 )-3-O- 2= & P
5 16.1 489.1021 285.1951 IES 7 chigesty)|
6 17.3 519.2199 287.9892 KI5 F-3-O- B HABR- P b A A
7 18.7 461.2008 271.1146 6% 2-3- Wk 4 20 Wl
8 19.7 419.1895 287.0253 RIEHGE-3-O-F hi A E T
9 21.7 449.2002 287.0565 RIEHGE-3-O- R NETT
10 23.5 303.0509 303.0509 Wi ZH T
11 23.6 465.2335 303.0512 KGR R -3 LT S MR IR - 5 A b
12 29.6 505.3361 301.1467 Wit ZATAHEY)
100 3.2 3-OHHYERR1ER
“ Val — OH @Ak 22 VE i fe v R H Al e SRR B
32 — (2 E1£1992), BFFE R, YF2 5T
L 60f FALFE T LLVH BR O, (HEATTA RS 22k -OH »
% “ HH 4G H, 20 RS0 55 R R i S B A - OH (1
g -
. B BRAE H BE W B 3 2 ETHE S, Vest-OH 1)
i ~o- ALY TR AR T LA R 34, 1E5~30 mg-L vk
. "l'Vc ' . Y FE N, Vext-OH 1938 b % B 5 & T 3R B2 2K 3
% 5 10 15 20 25 30 35 TREUYINT-OH RS 4 %, 1E30~35 mg- LWk JE yu [
PR B /mg L W, SRR B U OH B B % = T Ve

P32 A R R A DPPH [ Eh 7 B 22 1) 52
Fig.3 Effects of red-fresh apple extracts on DPPH free radical
scavenging ability

St -OHIRIEBR R . 4P H IR E H35 mg L', 2K
i $2E B TS B R N 52.11%, VeI B RN
37.55%.
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100

-o— Y

80k - Vc
S 6o
B
&
40k

20f

0

o 5 10 15 20 25 30 35

IR E /mg L

P4 27 A 3E R LR 0 - OH i R 2R A 2
Fig.4 Effects of red-fresh apple extracts on hydroxyl free
radical scavenging ability

3.3 XJO;HIERRIER

HHEISE tH, 21 P38 55 R 2l S B ol e
AINE A — 2 MIERIER, BIEMRBURME R
d R BE R I T G S . 7ES~35 mg- L 9KV
P, S P 4 U ot e A B B 1 R B AR 2R
PEFH L, SR, Vel iE R FE— BT 15%. 4+
WE M35 mg LI, AR HUIERR R N33.98%, Ve
B B N 13.44%.

100

-o- Y

80 - Ve
S 60
B
&
g0

20f

0 1

o 5 10 15 20 25 30 35

IR E /mg L

IS 20 A3 SR R BRI O i KR R AR
Fig.5 Effects of red-fresh apple extracts on superoxide anion

scavenging ability
o ®
ZLRSE SR R L5 8 IS BT Ok

i T e 52 SRR 2 96 284 Bk, 2010-52 4
PRAEZALAN2 0002 bR AFIF AR b ik 1 9 SR AR 21 7

e 2, SR B2 018 5 16 8 R4 i ik 1) [l 252
BRI SRS, BRI R, R R S R,
TR AR TS oN390.2 mg kg (FW), J& BN &
EI1.A65 . IR ARG 20 PSSR R B R
MR N . 22 I e, TS IR 4G R e, B
Sy 38N, TR REBRAR(LIE 3 552011), f6F & &
B PRAR(EEF552012) PRItk A ZLASERAE
T A A 1 R AT IR 2 el 25 2 B, T A
FH BRIl A B R A0

SLRSE R R AR EER A TER S AT
e R, 1A — YA [F) 5 R e it 1 & 2 A
WA R PRI B & 465 1
KL, BRRERER-3-LIMEE I, G LERR
R R-3-FIHAARE . REFHR-3-FA M KE
B E-T-BTRAARE . REFHE-3-KIET . REH
R3-EHMEE . REHK-3- WM (TakosZ%
2006), HA R EHR-3-LIAME . KREHR-3-F
P R RN % 2 2 2R -3 0 T AE B AN IF 90 R o
% (Takos%52006), T He2E(2012) 7 F v ot Bk
(UPLC-PAD-MS/MS) %8 tH AL ISR S 40157
REZGR-3-0O-FHBHELF . KRESR-3-0-2LFL 0k
. REHR-3-0-KBELH . KEH3-0-pl A b
H4 P B &SR A RER E AW MIEE .
AR HUPLC-Q-TOF-MS/MSH AR %58 H 41 3
FER R P A1 280 2R B 4 4y RS e TR 6R, 43
NREHR-3-0-LANEE . KEHR-3-0-35H
BR-PhiAA bl . fEER-3-HELH . K45
F-3-O-BIRLAREE . REFR-3-O-HEHTH. K
MR R -3- L B2 A WG-S5 A i, RAE3REH
HOR E#EZE(2012) 45 B — 5. WK FHER-3-0-
HERY . REFHE3-0-LARE . KREH3-0-
BT RLAE RS R 2L RS RAE S I EE Y. AR
At b 22 S 1A DR TR AT A i R 2 TR FR 384 15 S AN T
AR G e 3 I (0 B SESE2013) . fEH T2
H A A 8 R AR K A B S R, BAE
B LA FH (R & 752012), 20 P35 5 B rp g
R A RN AL, A HAR B A AL
THAEEIM B RATAED . LI B RTAE Y SRR B
wEW.

H H 3 B A AR o T 00 5 BUR (2
m2013)0 A% R0 50 R R AR EEUE B 1R 29K
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RANEh ke R AL . BN e . LS E E L T
hE S5 #1851k ol 1) B R R O (FE YR EE2007)
DPPHH 3t ¥ H AL M A 51 A 23
P A A R E A . AR A
T 7 S TR HE B IR 3 BRI B A
AW KB EAIEE . Ve XFRAL-HiR R, A
AR AR JEAE . BT ST SE BRAE R, Ve B B AL
o E B EERR R EAEH, Bk, A58 Vet 3
PH 3 (KT B AR VR et R . 20 RIS SR S B
PR PR I DPPHE L. ¥ HH
FERHA S T 3 BRI, 45K, AW
FAR 522010-5 5 5 2 0 T £ BV e 1% 1R I (140375 ok
DPPHH HiJE. ¥ H o E A A 5 7 3 2.
FE 2 X DPPH H H 2 B A R R I5E R EE 77, X
5Ma%5(2016)75F H RF Fu 45 RAEA—F, KkE
M35 mg L', ZET MR EA) i FR3 R B B S RL
BRIV CIB R BE FTH1.2~2.54%; %t¥2 [ 3L A
AT T H S B AR B A R S
T, Ve EH N .

e TR CL R E R ke T HE
A IR BE, AN [ b o D &[] — o ot AS T3] Rl 28 340 1)
RERHEETSEAR. ERLEE AR
B B, AR = AN R), SRS P 0 P 0 R 55 70 ot A
TEA WA A, AT RE I BIAE T o |m B, A
RIS RS HIEE R LR RRIRAW
P&, RN B & 5 s i b 2 BeJy, e
ST PR B IR DA R A ) ) 120 28 5 W oy,
ARG AE T R R P E A B e T A . 12
T S B v, LA R W e 28 8 6 B R A kS 2
YEF, & a8 HERNMVR . AR L R0
IE B 21 3 5 222010-51F R RARFL AL 7B 1R
UF ()80 FH R 5%, 3 R KSR OR (e b 190 T & Rk 5
PRAE T B .

SE R
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Components of flavonoids and antioxidant activity analysis of the extracts

from red-flesh apple peel

XIANG Ya'?, ZHAO Rui-Xue’, LAI Fang-Nong®, SUN Xin"**, SUN Xiao-Hong'?, DAI Hong-Yi'"?, ZHANG Yu-Gang"*
!College of Horticulture, Qingdao Agricultural University, Qingdao, Shandong 266109, China; Qingdao Key Laboratory of Ge-
netic Development and Breeding in Horticultural Plants, Qingdao, Shandong 266109, China; *Shandong Provincial Extension
Station of Fruits and Tea, Jinan 250013, China, *Institute of Reproductive Sciences, Qingdao Agricultural University, Qingdao,
Shandong 266109, China;’College of Horticulture, Nanjing Agricultural University, Nanjing 210095, China

Abstract: The peels of red-fresh apple 2010-5 were taken as tested materials to determine the total anthocyanin
content by pH differential method, and ultra performance liquid chromatography quadrupole-time-of-flight
mass spectrometry (UPLC-Q-TOF-MS/MS) was used to analyze components of flavonoids, which were evalu-
ated on antioxidant activities. The results showed that the total content of anthocyanins in red-fresh apple peel
was 390.2 mg-kg"' (FW), which was 1.4 times of these in flesh. Twelve flavonoids were found in red-fresh apple
peel assayed by UPLC-Q-TOF-MS/MS, including myricetin, catechin, cyanidin-3-O-anidin galactoside, kae-
mpferol-3-O-rutinoside, kaempferol derivative, cyanidin-3-O-succinylarabinoside, pelargonidin-3-formylgluco-
side, cyanidin-3-O-arabinoside, cyanidin-3-O-glucoside, quercetin, delphinidin-3-acetyl rutinose acyl-5-gluco-
side and quercetin derivative. The extracts from red flesh apple peel showed better scavenging effects on the 3
types of free radicals than vitamin C (Vc), especially on 1,1-diphenyl-2-picrylhydrazyl (DPPH), which was
more than 90% clearance rate. When the concentration was 35 mg-L"', the scavenging rates of the extracts and
the control Vc on DPPH were 92.77% and 79.87%, on -OH" were 52.11% and 37.55%, on O; were 33.98% and
13.44%, respectively. These results provide a theoretical basis for the breeding of red flesh apple, the develop-
ment of natural antioxidants and study of the health function of red flesh apple.

Key words: red-fresh apple; UPLC-Q-TOF-MS/MS; flavonoids; anthocyanin; antioxidant activity
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