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Fig.2 Different citrus varieties used in the present study
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K JE (DPPH) .2,4,6— = Ik e & = W (TPTZ)
Trolox ,ABTS, #¢ )t K #4 [AAPH, 3¢ & Sigma-
Aldrich 22 7] 5 W B | & O 335 26 9%, Sigma —
Aldrich 22 7],

W B A . B R ER TR AL (FM
25EL -85),SP  Scientific; # 7 & W Uk A
(SK8200G ), I T A} 8 7 A A A1 BR 2> W 5 T e i
7 7% (Vortex—Genie2) , 55 [E Scientific Industeries;
3 B 0L (Eppendorf AG22331), 78 [ ; Jig % 7
%A% Heidolph LABOROTA 4000—efficient , £ [ ;
i FH A5 BB 25 34 B, Agela technologies ; SPE [# 4
#POHE , 26 [ Waters ; 25 55 .0 ¥ 45 12 (Eppendorf
centrifuge 5810Rz), %[ ;96 fL 4% , 52 [ Corning;
HL KT (BSA224S-CW) , 38 Z FIl B} 22 AL 8% b 3
AR 6 AR, 58 [ Biotek ; — WAL H]
TCTETESS a% , VL VU Uk Ik B 7 g bR A BR A R 5 —
U S L JE 45 (FLAR 0.22 pm) , WL [F J1 45 B
BHEABR AT AR/ M LC-Q-TOF-MS/MS, 3%
Waters Corp.,

1.2 ARmMHEERIZLHTMRELFENE
12,1 ZEBER SO A& BRI 23 A 5 Rb A
T2 R TR 0.2 g, FBHR L 1:20 A 80%
TR A A B B 30 min GE A 402K 60 kHz, )
# 30 W),5 000 r/min .0 8 min, 05 LIFH ., &
SEPRIC3 W AR BRI TR SR i PR
AR PR E . BE 3 A E R IR

122 EW&ENE &b ERNE R
Ghafoor 25 J5 92 516 M 1B 2R AEE BN 4 mL XYL
FEOK Y B LA A 0.5 mL i BEAE 2445 B0 2
B IRE 2 A A 0.5 mL Folin—Ciocalteu (0.5
mol/L) 5 , #+ & 3 min, A 1 mL 7% f2 5%
W, B85 JRAE 30 COKI A T 8 & 2 h, 17 S0 58
A5 M 200 WL RBRMA 96 LA, FI g bR X AE
Ao SO EWOEAE . LA E F IR (Gallic acid)h
o VHE it 22 T B o I £, TH B A R R 8 A B
mg Gallic acid equivalent(GAE)/g DW, X & 3 X
CINC-RR T

1.2.3  HUAATE I

1) DPPH #% R Zhang 2520 J5 ¥ I 1 24
e, AETC A 96 FLAR P A 2 L B R I 4 A £k

12 B, A 200 wL. 60 mmol/L. DPPH ¥ ¥
B2, IR AAE T /G KW 2 h, i A AR {00
A'siz o LW IEAH

2) FRAP ¥ RJH Zhang %52 J5 ik I 38 24
etk . FRAP TAEW 6145 : 10 mmol/L. TPTZ %K
(ffi H 40 mmol/L. HC1 % f# ) .20 mmol/L. FeCl; ¥%§
W 300 mmol/L Jif R 44 2% wh i (VK I 2 98 75 pH {E
2 3.6) IR 1:1:10 RS ,37 CHE ., £
96 FLA A 10 L A FEIE A5 5000 45 BU
FLMA 90 wL. FRAP TAEW ,IRAT, = il 2Rkt
S5 min, {8 FHBEARAXTE A sos 0 A0 E WROGAH

3) ABTS ¥ R H Floegel %5215 i Jfi& 34
etk ABTS TAEW A %5 .7 mmo/L. ABTS W 5
2.6 mmo/L. K,S,05 #ARFILL 1:1 1RG , R M
TRV 12h J AR RE 28 15, FEJGR 96 fLAk
A 10 WL i B3 YA B 3R O, R A 200
wL ABTS TAEW ,IR2T, &=l & E 5 min, ff
FHBEARAXTE A 734 AL 7E WOGAH

4) ORAC ¥ K Roy 55244 7 vk 9f i 24
ek, 7R 96 fLAR PN A 25 WL R Y A%
B SRR, BEE A 150 L 40 nmol/L 786 %
BT (W2 G2 Ph I ) TE 3TCRAF T 10
min, il A 25 pL 150 mmol/L. AAPH i ¥ (# iR
2% pPOROA AR ) R B AR AR R I K 485 nm K
SIPE A 535 nm AN E PR E, B2 min g SR
BB, B ERHK A 2 h, BL 25 wL BERRZE Wik N
Fan AW (B PE TR ), 2L 25 pL,0~1 mg/mL
Trolox “y br fE ity (X5 HR ), #1) ify ¢ Y (B 132 B0 AL 15
ARSI AAPH FLAY R, 26 n R AE X 52Ok
EIFEAR =5 n WIOUE (F)/WIIRZOEE
(Fy) o AUC = 2x(fotfi+...4f.) = fo — fo;Net AUC =
AUC e = AUC pprco

DL E s B 427 L) Trolox A b 1 & 22 1] A 1 HA
LTHAREMPUA RS, B E 3 RER KK,
FIHZR G PUAALRE 1 2 5 4820 (Antioxidant po-
tency composite index,APC)®! X 23 A~ H 45 bt Fb
PUAALRE T EATER VAN . LSRR T 1 5 45
BRI B4 (APC 3850 = (FE Sh (B /e = B
A )x100, 4550 - APC 850k 4 Fidt
AT APC 8506543 0 AL
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1.3 AERMHEBERILEMNEHETE
1.3.1 BESh I FRE 23 A &R AT A% % 529 i
EHT R 0.2 o, #BHR EL 1:20 A 80% & BE,
FHAR P 8 e A A 30 min G 5 41K 60 kHz, 1)
& 30 W)Ji,5 000 r/min 50> 8 min, & FIH K .
HA AR 3 U WUER R T A vk A A 2 B
CBE, KO AL 5k B8 ) I 4 7 22 5 0
Brp il E A A R 25 2 E ,SPE Vae 12ce
C18 H: (Waters,2g) 2 16 46 (12 mL H ) P17 (12
ml 2B FK) | EFE BREE (100 mL £ 8 FK) Bk
JBE (10 mL FHEE)S A0 B8, B gk B3 4 o v b 7R 55
VI, K AR B RE S B S B DR A U 7R
30 CHM F kA 2R B AR, /7T 4 Crk4
L.

Ky, FREC 0.1 g MM H AR T 1 mL 8
T R 30 0 VS A O P — PR A Sk St g s (AL
7 0.22 wm) b U8 BRI A AR /NI RE R
1.3.2 UPLC-Q-TOF-MS ¥l J7 % UPLC #B4%
i/l Waters UPLC #%t, B4 FTN A shiiFEds,
PUICH K UV kil &%, (M C18 34T (2.1 mmx
150 mm) . WAH 5% (LC) 2508 iR & 3 pl; AR
30 °C; ¥ 1 mL/min; UV £ 881X 7E 280 nm; ¥
A A M A PR, B M ETE NS (FshH
12 30 min #87H PG Pe AR I AR, etk
FAEFEF :0 min:3% B;0~5 min:3%~7% B;5~23
min:7%~20% B;23~28 min:20%~30% B;28~40
min:30%~55% B;40~42 min:55%~100% B;42~
43 min;100%~3% B;45 min:3% B,

JE3EfH ] AB Triple TOF 5600™ %4, ik
MS Z SR 1 (5 AR 2(35) 1
5E N 50 psi (344 737.95 Pa) , A 3 (N) YR )
BCE M 35 psi(241 316.57 Pa) , i 7RI YR AL
JE—-4.5kV, R 550 °C, 1E & P (ESL) PR
JFE+5.5kV, IR 600 C, RFHERKIRERE
HJ£5 ppm, FRAEH AL (DP)100 V; fill i GE it (CE)
10 eV, 3T IDA B H ol MS? 78 14 (1) 3R
BEX 8 Fhipcm p AR B T HET I . AR
=W B 1 m/z A7 4 [ 5 00 8 S 100~
1 500 u 1 50~1 500 u, X} F MS/MS REMHX 2
BOLT-AH ) K il 38 A 5 (CE) 1% 8 K (40 =
20)eV, B TR 4EiR (IRD) & & h 67, B T Bk

BB (IRW) 1 oy 25, o o s 7 il B sh A i
1% 3 R G it A7 53 il H B AT
14 AESRMHEBRIRXEWMSENE
141 FERLRIE AR k) 1.3 7,
1.42 UPLC ¥l J73% UPLC R & . #EFEH 2
wL; A3 25 °C 3 0.3 mL/min; PDA A I 25 46 )
280 nm A 330 nm; i SHAH : A AN B 7K B M
R 2 Gt sh A4 28 30 min #7535 Ve 4
SRR , R R FA 1.3.2 7,
1.4.3  ArmtibIfE RS HERRIBOPRE S, R I A
BeAS 1 mg/mL BV, KUK BRI 15 B B 1 8
AUEERSE . i B3R UPLC Ky ¥k, 4351 ik
B o LI il W B85 kg 8 Al A 06 T Ry A A 225 11
NS
1.5 Siton

RN e A REHL BT, B R - Y (E+
WHEZERIR (v xs), Geit /AT fL KR Excel
(V.2015, 35 [H A 7)) \SPSS(V13.0, 35 [# 1BM)
SRR, FESREYE F Peak View 20 M AL HEL, YRR S
R AT, S R R e A T R Al
By — GO R R W S L R X
VbR o i O B I (8] 4%, 38 3 Reaxys il Seifinder %X
It FE G BT LG, X A TR AT VB

2 HERERW
21 AEmMHBRIMEELSHEIEMNRE
i

23 AN A R R S i 2 S B S B
PR R LR WL 1, AN [ b P (1 5 5 et AN R
AT PEAEAE .35 25 55 o S [R) T A A A SR S 7 i 2
S R AE 4.38~21.10 mg GAE/g DW 2 [a], JL
Hh T A (e R R B RS (21,10 mg GAE/
g DW),“Z % 38" G & s fil (4.38 mg GA/g
DW).,

A e )23 47 S A T A R ) 25 S
DPPH H H1 5E 35 B GE ) B0R A9 & Bl < B i 48
(40.11 mg TEAC/g DW) , #5255 (1) i Fh ok % % 38”7
(5.28 mg TEAC/g DW) . 7E FRAP Jrikt , di%dfb
e S B W SRR Ry AR LR (18.46 mg TEAC/g
DW), #55H M Fh “v> H Al (5.82 mg TEAC/g
DW)., ORAC Jrit, bl AL Be Jy Bk iy ok “fr 2%
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Antioxidant potency composite index(APC)
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s MGG, A M XHG. H DM MIY. 5501 ;DD. 4RGP
Je B A FS. BT ;STY. Y ITIH; AY38. 0% 38,
B3 23/ mMit@maEmENyNIESiEH]
Fig.3 APC Index in flavedo of 23 citrus cultivars

T 4% 7 (194.25 mg TEAC/g DW) , %255 i o 2% bk
387(26.39 mg TEAC/g DW), ABTS J ik, Hi A

AAO Companion App. - ACQUITY TUV ChA 280nm from 0304-SA-NEG3.wiff (sample 1) - Sample001

12.8121

13.8035
17. 4811

W 61 ,280nm, AU
Acqutty TUV ChA 280nm,AU

10.5183 11.0952 18. 8613‘

12581 15.5558
7.3099

0.0 L v

1.5 19.3816  21.9292

b 68 7 B 0 SRR Ol <R 23 EIEAE T (31.67 mg
TEAC/g DW), #8519 R “ & E 38”7 (4.93 mg
TEAC/g DW), $LEMR & G50t & W (K
3), L2 P bt S AL R g e i 1 R R AR Bl L
(APC=96.25), fix 55 1Y i Flt g « 2 4% 38”7 (APC=
18.54),
2.2 #H#EFEE UPLC &k ZMRK

et FHAR AR S S5 v ELA AR P 4 21 BT B o
X R PEAT R, 25 5 R L 7F 280 nm Ab, £ AR
T o0 B B A R AR o O 8 VR A S
AT UPLC A, DAR 7 i v B2 Sy A A B | 0 T AR
R bRl bR &, mRML PR T
0.99, 41 R 4f , A8 UPLC (R &l H
R A $ BB 1) 2 o M A

FIH ik UPLC #& & #5719 UPLC-Q-TOF-
MS Kl 777, %F 23 AN A A b ol S S vl 2 ) B
B SR AR Wy R AT 4, R % il 5 R B -C -
A, 4 BB —O—BE 45 | 12 Fh 8 b -0 - B4 4,32
il PMFs 75N 19 53 RS B (&1 4 F15E 2)

23.0633 34.9817 36 g4g5

24,1877 33.2996

27.1537 Alprrd
26.0845 | 55 5465

29. 9655

38. 0886

1234567B91011121314151617lﬂ192021222324‘2627Zﬂ2930313233343536373839404142434445

I fi)

Time/min

B4 EBFEXTYR 1~53 HIENWTF (280 nm)
Figd. The peak number of substances 1-53 under positive ion mode (280 nm)

W 2 fiR S IS Rl /i -C- W,
Wit 1 R 8 22 431 (Vicenin=2) ; ) i 2 N Hb
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37,5 - T —C-H B X B A Sk, %W R
51 RAEAAG Th s W) 8 il R w B —6-C—
A ;W 17 AR R -8-C—Hi B e 4

YeE 4 PR -0, BMEAW 6,11,
14 .18, I3l % W AR B E R -T-0- 25 b B
e RS T NI S I X B O s

Y 12 Pl BE R —O—BETF | 52 IR H 06 15T
WK S8 W00 3 R 2 B T 4 S 26 Bk
T, W5 5 NT R -T-0-FE WA Y1 9
ST, W 10 i R -3-0- R, W
12 Rl AR W5 13 R A MR 1S R
P B2 1, W0 16 O i B W) B -0 - & iE AT, P
19 W e R-T-0-FZEWEIT, Wik 20 b &g 5
1, W 21 MG

LY SE 32 Bl PMFs, a0 W7 H BB A P e
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wele DW HI 152.23 wg/e DW,

G M I R T S S AR 2 N, KA
A — b PR HOZ KR, RS Bios A
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o7 ) R ELURCHE B 2 U RS B S
PMFs 28 75 12 AL 5 Al 6 0 & i < B 5 Al "
“YD H R Ry — 2 A 28 B LR 26 R IR
T Ml R RS B AT O F T R ZEAm S
PMFs 7 it A 0 55 8 5 A 2S00 O B2 G ™ il R 2
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HRARFIER T Z—  BRIFPME 35 A4~ fh A
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DW JEFl, T A BIF 5 i 0 A A il S22 G 1 5 A
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Identification of Flavonoids from the Flavedo of 23 Citrus Cultivars Fruit
and Their Antioxidant Activity

Li Xian, Sun Chongde’
(Laboratory of Fruit Quality Biology, Zhejiang University/ Laboratory of Horticultural Plant Growth, Development and

Liu Yang, Zang Wenjing, Liang Xiao, Wang Yue,
Quality Improvement, Ministry of Agriculture and Rural Affairs/ Horticultural Products Cold Chain Logistics Technology
and Equipment National-Local Joint Engineering Laboratory/ Zhejiang Provincial Key Laboratory of Integrative Biology of

Horticultural Plants, Hangzhou 310058)

Abstract In this study, the flavedo of 23 Citrus varieties were selected as materials, and the components and antioxi-

dant capacity of flavonoids were investigated by Liquid Chromatography—Mass spectrometry (LC-MS). The results showed

that, the total phenolic content of the flavedo varied from 4.38 mg GAE/g DW to 21.10 mg GAE/g DW; and the vari-

eties with the strongest and weakest comprehensive antioxidant capacity in the flavedo were “local early” and “Aiyuan 38"

Using the LC-MS to identify the flavonoids in the flavedo of 23 Citrus varieties, we identified a total of 53 flavonoids,

including 5 flavonoid-C—glycoside, 4 flavonoid-O—glycoside, 12 flavanone-O-glycoside, 32 polymethoxyflavone (PMFs).

Compared with the existing literature, two flavonoids, phloretin—-3,5"-di—C—-glucosid and hesperitin—7 -0 —thamonoside,

were teported for the first time in Citrus. The main flavanones contained in the flavedo are eriocitrin, neoeriocitrin,

narirutin, hesperidin, and didymin. The main PMFs in the flavedo are nobiletin, tangeretin, SHPMF and sinensetin. In
conclusion, this article further supplemented information on the components and antioxidant activities of different Citrus
varieties, which provided scientific guidance for Citrus consumption and set a theoretical basis for bioactivity studies.

Keywords Citrus; variety; flavonoids; flavedo; antioxidant activity



