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Rz BEE, & B UAZ 2E REEL BAR

CPRBHARME R 2 Bl 22 B, PP 1108665 2 th E A LR E B AR FTT, 107 %0k 1251000

B E. RARMESEEaE KE 2 57 SRR EEAT TE, 6
ANFEH KR 257 RN RS S EIHT T IR, g5 RER I RS 4 K 16 PSRN, B
B 810.12 ~ 1 304.59 mg - kg GEEIEE (5 58.3% ~ 73.1%); FL A 3 35 11 P3S4 H, B4 79.87 ~ 124.88
mg - kg GBI 67.5% ~ 85.5%)s IR P £ Fh A B O I ARAC, F 2 R, Ak R 1Y
0.1% ~ 3.1%: 64" Hy ‘K& 25" SERPTERBMIRI AR, b la) 5B i B 4R 8U8l

TEAHLE EE 0.922 ~ 0.990; AR HIE 2R B & 2 AW W22 (P <0.05), BRVG EKEE M S h e

i 5 b e v SR PR TR R AR, VTG B B R B S B A, L AR AR R R R e P
PR RS RN 35.14 mg, M, BT A 41.3%, RN L 58.7%.
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Studies on Composition and Content of Flavonoids in Fruit of ‘Nagafu 2’
Apple
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Abstract: Flavonoids in peel and pulp of ‘Nagafu 2’ apple were measured by RP-HPLC, and
comparative studies on composition and content of flavonoids in ‘Nagafu 2’ apple from 6 producing areas
were carried out. There were 16 flavonoids belonging to 4 groups in peel with total content 810.12 - 1 304.59
mg - kg, among which flavonols accounted for 58.3% - 73.1%; There were 11 flavonoids belonging to 3
groups in pulp with total content 79.87 - 124.88 mg - kg', among which flavanols accounted for 67.5% -
85.5%; All flavonoids, especially flavonols in pulp had very low content, which were only as much as
0.1% - 3.1% of those in peel; Flavonoids in ‘Nagafu 2’ apple from one producing area were same as those
in ‘Nagafu 2’ apple from another producing area, and the similarity of liquid chromatographic fingerprint
of flavonols in peel of ‘Nagafu 2’ apple from different producing areas were up to 0.922 - 0.990; Content
of flavonoids mostly indicated significant difference at P < 0.05 level between samples from different
producing areas, sample from Baishui County of Shaanxi had the highest content in peel and the lowest
content in pulp, sample from Changli County of Hebei and sample from Muping County of Shandong

respectively had the lowest content in peel and the highest content in pulp; The average amount of flavonoids
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in single fruit were 35.14 mg, of which 41.3 % was in peel and 58.7% was in pulp.

Key words: apple; peel; pulp; flavonoids; composition; content; similarity of fingerprint

KAWL R G, Tz TR, B B M. fefzi, 2ARREEAR
Al E 2 4 (Hackett, 1986; Ratty & Das, 1988; Middleton & Kandaswami, 1993). 1EA#T
AR S BRI B S TR AN, S I AR ON, WP PO TR T
Ko YIRIAE LR AR IS A MR SE . TR B VR R E . R0 S A I I A
W EZE (Cook & Samman, 1996),

SR E A AT - Tsao 252003051 8 ANSER TR HEAT T I5E , B rh# 834.2~23003 mg - kg
BT E 15~605.6 mg - kg'o HEEER R 278599 5t (PEARMAE Y4 ZE4y, 2008), b EK
R 26.6%: HESER 101.91 J7 ¢, 5 A B SESR R 5 1) 3.66%. AT ILSE SR O F6IE
TR SRR £ N ST 1 T BRI

SR B S SR A ARE AN 2, H AT G T S A AT T RIS O RS, 20005
AR G, 20065 XBREE SF, 2009), ATFTEEE SRR RAET R RILRER . WS 6 ST
IS AT T8 (RN 45, 2008), HA DG JL LSRR MM e 5 5 R 7= b i) — S50 Pk PR A 5
A LRI

FHAEOCRE RGN KT 2597, WU PR SORERSOA A RRAL CREZ RAD 2R
WEARE S, BN KE 25 ¥RXL. SRR TRIES %,

QY VR SRS DARES

1.1 ##

2009 4E 11 Hh & R, MBRIEE FKE. s g B ivga e . s REm.
WAL B LR LRAME TR P IOEPCRM S B R T, R KE 25 R, LuBe
Mz H RALE, KAr 25 d EAMANE, 5 d EfRNeE . RSSRA 5 H IR T Kz, 4 C
W A AT 12 A AT A A RS . RSk 3 N

IEFEER N HPLC o 95% LI A Halie Frftibih LA E . JRIEE 2 B2, RILAHE.
Betfs Mt - AT MR - LB M 3 - AR . MR - IR R AR .
FiFE - WP REHE - LI REHE AR R4 2% - BRATRET .

12 FH&

HIBUR K (R0 1 mm), LFRRFL, BAGWENL (SPEX An], 68700 %A 41T Mt
PERS AR . FRELS g RMAREL 15 ¢ RINBA, MO 30 mL 80% LK, ®EOGHE 12 h, 30 C#EMH
30 min, Y€ FRAIIA 30 mL 80%ZEE, 30 CiHEA 30 min, HhjE, FRMILILERAE A 1 K.
IR, H 80% LI EZ¥ 4 100 mL.

IS mL 98V, 35 CUURIEZERR 2 QR A S mL HEEFRT 10 mL 7K 354k C18 [l AHAEE /M,
BINFE FH 10 mL 2808 KMk0E, 7 29k, F 20 mL HREMRDE, WCHEMVER, 35 CultlEz
T+, HFEEE 5mL, o 0.22 pm HAHLENEK.

B I e 226 SCHR - (Tsao et al., 2003) W& ). FEEAHAC AR C18 WiAH (%A (Welch
ANl AC-C18) MIERBA e (S aw], 10 ATVP) S BEZIRNNSS (DAD) &, MR¥E
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Bt it i E 28 S W R 2R b 1 %ﬁ@mmﬁ&%%ﬁﬂw&%% 3 AR B R 25 - 5L
%ﬁﬁﬁﬁﬁiéommw<A KA 2 %M, BN BEBEN, B¥#: 0% (0min) —40%
65mm>—¥m%<65mm>ao%(75mm)—ﬂFﬁlommoﬁﬂ%«)to%MEQSqumnhiﬁm
WK FREREA A A AT 280 nm, FHIEE N 360 nm, T 1A 520 nm.

2 R

21 ‘KE2T ¥ERLEM#HELES=
Kw 25 ERELE 4216 TR (K1, £ 1D, Hrb, IRENEE 8 B, TEELEE 2 Fh,
w%HM4ﬁ EHTH 2

xRl ‘KE2S ERRXERWMIE

Table1 Content of flavonoids in peel of ‘Nagafu 2’ apple /(mg - kg™
eyl Ei%2 g RE R (R A7k
Flavonoids Changli Suizhong Lingbao Muping Ruicheng Baishui
T REHF - I 13.81+0.85b  10.02+0.23a  15.10+0.38c  22.04+0.12¢  17.99+0.93d  53.96+1.06f
Anthocyanins Cyanidin galactoside

REHGF - BRArRE Y 220+0.18a  1.89+0.12a  4.08+0.57b 5.92+1.13¢  437+0.11b  10.47+0.25¢
Cyanidin arabinoside
iyl J# £ % By 177.11£13.83¢ 131.52+7.66a 161.70+£3.77bc 205.58+6.65d 169.10+£17.89c 143.79+8.21ab
Flavanols Procyanidin B,
RIVKRE 82.66£1.25¢ 60.72£1.91a 91.27+4.54d  92.03+3.63d 87.95+3.52cd  68.55+1.26b
Epicatechin

A 3- AR 2 - REFHZREY  5.072035bc  5.712045cd  3.4040.33a  6.65£0.14f 6.07£0.67df  4.96+0.11b
Dihydrochalcones 3-Hydroxyphloretin
2'-xylglucoside

R B Z- AR A B T 8.91£0.19ab  9.47+0.26c  8.95+0.17b 8.43+0.17a 12.23+0.50d  13.51+0.25¢
Phloretin xyloglucoside
- MR % 2 - AT 18.96+0.27c  17.63£0.32b  16.47+0.4lab  16.06+0.68a 17.20£1.08ab  20.55+0.79d
3-Hydroxyphloretin 2'-glucoside
R e 28.80£0.95b  20.16£0.04a 34.21£1.09cd  28.71+0.18b 32.85£1.00c  35.32+1.31d
Phloridzin
i P Wit % - TR 20.21£0.47a  18.98+0.81a 21.69+0.45b  40.66+0.78d 51.83+1.22¢  32.74+0.4lc
Flavonols Quercetin rutinoside
Wit 2% - IR 232.93+234a 324.11£11.10c 249.06+3.18b  323.70+3.53c 347.12+4.36d  540.87+2.44e
Quercetin galactoside
Wil K 2% - A ATRETE 29.75£1.13b  21.20£1.70a  60.31£0.32¢  38.86+0.32c  99.33x1.70f  45.04+0.71d
Quercetin glucoside
Wit 2% - AT 46.26+0.42b 44.27+1.52a 91.52+1.38¢  58.72+0.36¢c 117.35+1.49f  84.58+0.16d
Quercetin xyloside
A e BT 13.15£0.16b  11.07£0.48a 19.93+0.32c  23.79+0.42d 31.65+0.62f  30.05+0.41e
Undefined quercetin glycoside
Wi e 32— nk s ] b A B 61.5140.22a  60.76£1.97a 100.50+1.53¢c  74.96+0.59b 134.00+1.95¢  111.45+0.89d
Quercetin arabinopyranoside
Mt B 3% — R B A B 10.15£0.60a  10.38+0.57a 13.7120.34b  10.87£0.44a 14.62£0.01c  14.33+£0.41bc
Quercetin arabinofuranoside
Wit e 2% - R 58.64+0.34a  67.61£2.19b 92.41=1.13d  79.04+0.71c 108.99+0.93¢  94.42+0.94d
Quercetin rhamnoside
£t Total 810.12+18.07a 815.50+21.79a 984.29+6.01b  1036.04+8.47¢ 1252.50+35.55d 1304.66+14.06¢

e FATAR PR R Z SR 3 (P <0.05),

Note: Different letters within rows indicate significant difference at P < 0.05 level.
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TR R SR AE 810.12 ~ 1 304.59 mg - kg, Hrf, A AR (472.6 ~ 953.48
mg - kgD, 1 58.3% ~ 73.1%; R MLERE (192.24 ~297.61 mg - kg!), 5 16.3% ~32.1%; 3
Je AN HE (5297 ~7434mg - kgD, 7 5.5% ~7.6%; LT A RAL (11.91 ~ 64.43 mg - kg,
H1.5% ~ 4.9%. H— I, Mk - RIS B (23293 ~ 540.87 mg - kgD, &
25.3% ~41.5%; HUGEEIET % B2 (131.52 ~205.58 mg - kg, 15 11.0% ~21.9%; F£JILAZ. il
B g - WEMEBT R AR M 3R - ERASHEE RN R - AP A R, PSRl 80.53.
90.53. 83.52 f173.78 mg - kg'.
KE 25 WREAE 328 1 PR, JLrh, SEARE S B, SbeRE 2 A, A AHE 4
Filr, IS, 2 2) o 5 IS B S A B AE 79.87 ~ 124.88 mg - kg™, Hirfr, B vl & e 75 (53.95 ~ 105.28
mg - kgD, 7 67.5% ~ 85.5%; HKE AEHM (1093 ~23.69 mg- kgD, i 11.2% ~29.7%;
i 1 S A (1.93 ~3.64 mg - kg™, AU 1.5% ~4.0%. 7E L3k 11 MR t, FiEE % B2 &
B (3517 ~73.64mg kgD, 7 44.0% ~ 62.7%; LK ELILKEZE (18.78 ~31.64 mg - kg'),
22.7% ~ 29.4%; M4 o FAEEl & BIEAR, FEH 2 AP, SRR, JLTHE 1.0 mg - ke
PR,
®2 ‘KE25 FRENAETLE

Table 2 Content of flavonoids in pulp of ‘Nagafu 2’ apple / (mg- kg™
Bl EE < Zrh R s Pk HK
Flavonoids Changli Suizhong Lingbao Muping Ruicheng Baishui
iy JR1ET5 % By 61.14+1.64c  56.64+8.60bc 48.57+2.75b 73.64+3.96d  62.96+4.89c  35.17+2.43a
Flavanols Procyanidin B,
FIAHE 22.13£0.57b  21.79£0.92b  26.76:0.85¢ 31.64+1.36e  29.73:0.53d  18.78+0.59a
Epicatechin
g e 3-FMREEE 2 - RBHEIATHEE  2.6440.13d  1.97+0.13ab  1.60+0.19a 3.37+0.19¢ 2.13£0.50bc  2.42+0.09cd
Dihydrochalcones 3-Hydroxyphloretin 2'-xylglucoside
MREe 3 - AT 1.11£0.17a  1.50+£0.05b  1.65+0.12bc 2.16+0.02d 1.79+0.11c ~ 2.81£0.14¢
Phloretin xyloglucoside
3 - FRARRE 2 - AR 3.81+043a  4.44+0.18b  4.59+0.08b 6.560.16¢ 482+0.03b  7.61+0.49d
3-Hydroxyphloretin 2'-glucoside
MRE Y 337+0.14a  4.49+0.01bc  4.13+£0.43b 5.58+0.36d 5.02+£0.22cd  10.85+0.49¢
Phloridzin
H Witz 3% - 3R 0.63£0.05b  0.56+0.08b  0.31:0.08a 0.29+0.07a 0.64+0.31b  0.44+0.02ab
Flavonols Quercetin galactoside
Withe 2% - BT 0.924025d  0.19+0.02a  1.75+0.07¢ 0.63£0.07bc  0.72+0.04cd  0.45+0.15b
Quercetin glucoside
Wit B 2% - AT 0.53+0.24ab  0.40+£0.07a  0.38+0.09a 0.27+0.03a 0.77+0.30b  0.40+0.19a
Quercetin xyloside
Kt 22— NLR AT R AP 0.48£0.19c  0.26+0.14ab  0.36+0.07abc  0.18+0.07a 0.45+0.08bc  0.36+0.05abc
Quercetin arabinopyranoside
Mithe 2% - AT 0.68+0.13ab  0.54+£0.10a  0.84:0.15b 0.5620.052 1.06£0.05¢c  0.58+0.13a
Quercetin thamnoside
At Total 97.44+1.50b  92.8048.55b  90.93+2.92b  124.88+5.16d  110.10+5.42c  79.87+3.82a

e AT ART R R EREE (P<0.05),

Note: Different letters within rows indicate significant difference at P < 0.05 level.
22 ‘KE?2S FERRXESRALHMAME. FELK

BRI REMFREIR D, REHE - LI RESE - PR W= -7
BEER S M 3R — TR B R AR R S R B A R P R B (R 1, K 2D, RN
PHANAAAE TR B RIS EL, RN S AR, DO 1 6.1% ~ 12.1%. X T
RBEARNEA R 11 R, AR A& B TR RS E, iRt ant,
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SRR 2 - CEFUREEE . M 5 - R RO M B - ARBETE . M 3 - SR R B
- BART S B R A 0.1% ~ 0.3% 0.2% ~ 0.8%. 0.4% ~ 1.1%. 0.6% ~ 1.2%
F0.7% ~3.1%; KA THIHAR 6 P E] (JRIEE % B2, RILAKE. 3 - ML 27 - AP mZE .
MR F-ARER AT 3 - AR 3 2/ - AR B 1) & A s, 20 IR B R vp o
() 24.5% ~ 43.1%- 26.8% ~ 35.9%- 34.5% ~ 52.1%- 12.5% ~ 25.6%- 20.1% ~ 40.8%H1 11.7% ~ 30.7%.

CKE 25 RO RIS IR NT 35.14 mg, Hob, 7S 14.50 mg, (5 41.3%; HAE 20.64
mg, 7 58.7% (K 3), IR AP 2R B\ B /b 2 2/5.

R3 KE2S BRREMBERRATLEMNLE
Table 3 Quality of flavonoids in peel and pulp of per apple

H R Peel J Pulp

e

Producing area 3 Wil /mg o7 JESE B /% Wil /mg o PSSR (1 L A9 /%
Quality of flavonoids Proportion in fruit flavonoids  Quality of flavonoids Proportion in fruit flavonoids

Ei %2 Changli 11.04 33.6 21.85 66.4

#Zf Suizhong  14.48 38.7 22.91 61.3

RF Lingbao 10.87 342 20.90 65.8

A7 Muping 13.58 39.2 21.07 60.8

P9 Ruicheng  13.90 42.7 18.67 573

47K Baishui 23.09 55.6 18.45 44.4

7% Mean 14.50 413 20.64 58.7

23 AEF~HE KE2 S FEREAMMPEMZE LK

AR KE 2 57 SERR S R m AR e A (B 1. R D, RAman R
2), RW KE 257 PRI AR A IS R W A SRR 1, AN DR 8k 1 AN [\ R AR
AR o DL R BT B0 16 PRI RN S R BT S 1 11 RPN FR bR, SR HH WK G B 2 R T B S
A (STATGRAPHICS Plus) HAFXAE BT M. iR Eor, AR KE 25 SR
ZIERBAR N (< 1.1, JOBRHARE G TR S B AL e o A AL (B 1D R E R M ZE s (hey
s be o0 B TS AR AU VP 2248 (Similarity Evaluation System for Chromatographic Fingerprint of
TCM)) (Version 2004 A) Xf 6 A=) Kw 2 57 39 AL A AL B s Il e e 280800 €6 1% B HEAT T A0
URE G #r, AHALE ik 0.922 ~ 0.990, EFHWIANFE ™M K 2 57 39 F A R v 2 Il e A) i v B2 AH
L.

AR K 257 SERZ SN S R B AN RS (P<0.05) (GR1, £2). it
BRS8N, FUKFES R, HOORWIREM, 55 3 28 FFE, 5 4 2R FEFEM,
BB R TP RE S IS, HABIE o 6 TSR BN, 1 /KR Sl Al R 3% P S B e O
HORFESIN 1.6 ~ 2.3 £5), 10 4cRE i A 7 Pl W B 2 s 8 e i o I /KR W R 2R3 R LB I
PR G5 25— B b ACBE 7 5 B dpe iy, 23 00 R JEABAE 0 1) 2.5 ~ 5.4 5 R 1.8 ~ 5.6 fi% o Al (B R B mi e
EE R E TN, I E NIRRT R 1.6 5 (JIeH 2 B2) 1.5 % GRILAAE). stk
RIS S RS, PR e, OO IR AL, 2B 3 R BB S P RE AR R SRR
(ZFBTEWIRZER, FUKFEMEAC. PPN RAEE 2 B2 MIR)LRR S B 5 m, 1mEKR
an o AR, PREAHZE 11 A5 0.68 fif. B ALER 3 - FRAR B E 27 - AW A 2 T A i) H A
3 M ZAEHM G R s, T E KRR R S R I AR, A R 2 R T A
* 2.
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1 647t ‘KE 2SS ERARENASBRECRIEE
L ST 2 Bys 20 RILAEHE: 3.3 - IR F 2/ - AWM 4. RS- AW 5.3 - IR ER 2 - WaARE: 6. MEKH:
7RI 8 MR RN 9. MR AAIRE T 10, MEECR-ARETE; 11 RE R
12, Mt s R -nE M B R A1 s 13, MR- B R bl 15 14, Mt EE R -BRAHET: 15, RAAGR-LILRET
16, RAHH-PIRAARE T . S m OO Ik RS (B R
SRR E AR bl i, REL BRI,
Fig. 1 HPLC chromatograms of peel extracts of ‘Nagafu 2’ apple from 6 producing areas
1. Procyanidin B,; 2. Epicatechin; 3. 3-Hydroxyphloretin 2"-xylglucoside; 4. Phloretin xyloglucoside; 5. 3-Hydroxyphloretin 2'-glucoside;
6. Phloridzin; 7. Quercetin rutinoside; 8. Quercetin galactoside; 9. Quercetin glucoside; 10. Quercetin xyloside;
11. Undefined quercetin glycoside; 12. Quercetin arabinopyranoside; 13. Quercetin arabinofuranoside;
14. Quercetin rhamnoside; 15. Cyanidin galactoside; 16. Cyanidin arabinoside. Samples in each
HPLC chromatogram (from top to bottom) were respectively harvested from

Baishui, Suizhong, Ruicheng, Lingbao, Changli and Muping.

I A R T R, AU R 1.8% ~ 33.2% (Escarpa & Gonzalez, 1998; Tsao
etal., 2003). AR KT &SR DT, i B m KRR TR GRdk= &%, 2009).
AT RABUF S TIX— . I TAEE R RS PR G &, HAF I OCF
B, 2001), UL, HFAUFETAEERERE T (Tsao etal., 2003; Vrhovsek etal., 2004), 2%
B AT P VR ME R AR NI B, 3 SR A R i R s . BRIESER I TRE 2
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1% 30.7%, Herb 96% I BRI T AR 3 Rkt (8E 4%, 2009), BRE7 AR R
B o TR R EEA NS, R D E ARG, SR REIL 1.5% (FREL
S, 2008), ST RA AR A S B BRI

SR OHRIE TRAH TR - BB R ER - BIRORE FAR 5 3% - AR SE 3 Mfeis
1F (Listeretal., 1994; Tsaoetal., 2003; Vrhovsek etal., 2004). AWM ‘K& 25 R
PRI R] T RAE A F - IR R R A 3 - BRI, R4 2 - AR R AR (Vrhovsek
etal., 2004) AR . ‘K& 25" FRELPTFHUREHE - LI, HEENRE
%% - BTRAITRETY (1) 3.7 ~ 6.3 £, X S X HLABLL 8 SRR ST 45 FAH—2L (Tsao etal., 2003;
Vrhovsek et al., 2004).

PFEHAKR KE 25 SRR LA A BT B A K 25 R, HARF T
R, R 1.3 ~ 4.4 £ SRR 16 Bor JGH 1) 5 R A 81 5 (1155 34 (Kim et
al., 2005). 7KL [E fE— 13 AR S G H X R ER, 1999), HIEEHK, EIMEZ,
AR T F G e MY AT 1) CERIEA X A0 R (2008—2015 42)) Rk T
B SRS P A S LA, WL IR . RN R 1 AP IR, AR 2
TR >35 CREL. BV RRAESEAN 7 W LRSI S, J5E WAGH 2 7 Tifatah
(16 T, F/K. WM R 58 b m IR AX, A @i s i ix, BERARMAIH X .
AT LA AR A5 A RO B A R T SR S B A 1

R WA N AR 2 i (PAL). & H Bl (CHD. &8 fillgid i (DFR).
KRS FENE (UFGT) 25 56T T & B CER 3G PE, MO didl R e AR B 1A s, R
Jo R BT R T CEBRE 55, 2004; XU 25, 2009). F B FAE ™ O3 i R H R Se 4
FOR, X TLLE SR, A ORUE SRS 5 SURI 785045 10 L SR B rh A 75 1 SR B A B N AT 7K, R
HiAE

K 257 RN SRS AT R A B S W i HPLC FR 8BS ARALE VEAN s, b [ B
R (<1.1), REsMilE HPLC a8 AHAL RS mik 0.92 LA b, i H ) i 39 S0 v i #4) e 1)
mE 3. A JE I B A F AR S S B 45 S RIS R A ) 2 TR S R R R AT IR R
TR R BHYISR GG R, M 2R 2Rl A 2R, IR & T BRI Fe bR (Williams,
1982),
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