3C L 7 3R A B SR B e R LA PERT 5T

WE: WERESHEKS . BERSEFRMITI, EEF L NI SN RREHEY, Wik
WEY . B, RIREER. R4S, FE 5 HA 43%~48% MM e I RN R B H £, B
KR AW IRE RIR P o SCEJRIRIE RIS R B SFr,  AHTE S0 VA FIVE SRS R vh S 35, 2
FI LC-MS i3 it S Wi 47 sg e AT, et Fo rp 32 BB A A ) —— Ml R RS B 14T 38 ST A
7] B 3 FH DPPH 1% S HL A 2 A 35 Wi 30 A7 40 48040 BRI . AL 6.0g SC LA B HH 2 B #3 31) 0.979 32 & , LC-MS
K23 11 Mtk &%, Hoh &84 1.11mg NA/g DW. 18 2 #8545 0.55mg HE/g DW,
DPPH [ HiZEiHFR % SCso N 1.75 mg/mL. SEBGLE R LM, SCHME h B SRE+E, REE LS
i, SR RARPUENTIRIR,  FTAFEOE S0 B R R AR TR LR & T RAR AL T BB IR .

REEE:CH; R WERMEY); LC-MS EME & sl

Extraction, Identification and Antioxidant Activity of

Flavonoids from Peels of Wendan

Abstract: In addition to water, vitamins and minerals, pomelo peels also contain a variety of natural
organic compounds that are beneficial to human health, such as flavonoids, essential oils, natural
pigments, dietary fibers and the like. Wendan is a main variety in China's pomelo market. The peels
accounting for 43%~48%, is usually discarded after eating pulp, resulting in the waste of natural
compound resources. In this study, the total flavonoids in wendan peels were extracted by solvent, and
were qualitatively analyzed by LC-MS. The main flavonoids, naringin and hesperidin were quantitatively
studied. Then DPPH method was used to test the antioxidant activity of the total flavonoids. As a result,
0.97 g of the total flavonoids were extracted from 6.0 g Wendan peels, and 11 flavonoids were detected
by LC-MS. The content of naringin was1.11 mg NA/g DW and the content of hesperidin was 0.55mg HE/g
DW respectively. In DPPH test, the total flavonoids showed ability of scavenging DPPH free radical at
SCso = 1.75mg/mL. The result shows that the total flavonoids in Wendan peels are rich and the
representative compounds are clear. It is an effective source of natural antioxidants. The data is useful

for the comprehensive development of natural resources in Wendan peels.

Key Words: Wendan; Peels; flavonoids; qualitative and quantitative analysis by LC-MS; antioxidant
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M (Citrus maxima (Burm.)Merr.) , XAFIE. KIE. WEE, NZEFFH(Rutaceae) Hif
W HE ST AR CH, JFErP THE@AEM T, 5P, v ikl & DIyt 500K 4
Mo FLUBMEME, EREDEH, AEA, i, UER, EREMSETT b E A .
B, Al BB (S B 43%~48%, BREHE K iR U YIIIX S N R L T
FEV AL, B EA 2P NRAE A 2 R RRA NG EY), WEEHREY). BRI KA
EREN, HEEMEESHRAEWES, St 58RI, &ERRAREI S TR FTR



W

HHHZRAL G Y (Flavonoids) 72 F8 AN AR BRI H o =Nk it A B2 T O — R
Ytk EY), DA e A T EY A, R EAFEEE] (Flavone) AT
(Flavanone) . ¥{}ili¥ (Flavanols) 55 (Isoflavones) 5P, WFFLRM, BEIRYIIR
BA R 128 B4 Pt B A B P BRI LL R B ¥a O I8 5 9 146 22 i AR BRVE PR Th g
AW FRI, M S SRS 32 e S, Wi R B R R R A
&5, Horbodl 2 1 o5 80% LA E,

H i P XA Rz A 2R A A ) B BT VR AR BEE M B — SRR AT, (EE T R
B 2 SR —— S BT R AR b o fEE, ARSLIGHUR A O RE R BGESE I B 7 A
SR, FIH LC-MS (Liquid Chromatography-Mass Spectrometry) X H k47 & M Fl € & 4
Hr, KA DPPH yAMll & Hpr e tb it WHad Ruligm s B R ZLR &R HZE, fEaktm
B, P RIRTIIHIRDE, AR T HEELRY .

2 SEIGERSY
2.1 LRFEE

2.1.1 ZEEHRELE

T B IE AL R IR W6 2808 o S L rb I FH 5 3t 3k 1) 7 4%, B AR AR AL b & M B o3 FE A
[V ) R AR FEAS AT SR . B BRI . A& TR . B A 2 B IR A i Hor,
LWL — MO E - TR, ZREE NEY) R RE 1B, XIoEK. SEMRPE R
Gy B AR, T TS0 B R R B P AR RS,

B RIRHR
S

B 1 ZEREREE R E R

2.1.2 WAHEE- BT IS BOR

WA e %y (Liquid Chromatography-Mass Spectrometry, LC-MS) 4 5 F Y I A% )
B3 B 51— A iy (Liquid Chromatography, LC) 5 aEFR LAY 40 T B M EEIME
BFTEE (Mass Spectrometry, MS) AHZE &, A& —Fh B E I HTEIA .

A SIS SR FH v O i - = E DU AT B 1) 773 B AR E N B R G, i
Rk RS, R E OIS SIS B, @8 TG, i BB B E S s
B R E R T, R A R 2 20 5T ] 1207 VR ] DUEE B D AR A RS DL T X
I PR S AT A A, B R, R, AT, s B E ISR
R H RS2 ORUE I A A Rl B RO
(1) EEDHT



X ARA G0 E oA, A 2 it 1 B RS AR B TR T,
TR T RAENA S EEHE s[RI 8 ] 70 B9 & A ) 2% B o M) & SR Is AR 3RS FL A, 1
BT NMR. IR, X-ray 78580 il H 50,

(2) EEH

LC-MS & &3 #7715 5 HPLC VAR L, RAAMREEI AR . ARSLRR A AR, 4b
FRvE o oo FE VAN I — 7 5 AR A . R R T2 E V70 o) R AS RV BE T RERE o, 5 R R0
TR PAT MU AT RE i AL B, RS AR FEA ARG DU v it Y VBRI AR D i, DA TR AR 23 1)
FSChRHE I 2, AT AR AR A st o e i 26703k B2 ) s = VR 81,

2.1.3 DPPH VA& 5E Bt S8 AL i 1k

TEVE RO R B RS IR ATEE, SRV . Y P RS TR AU
TEBRVE T LGS NI, WO 2 b

DPPH (1,1-diphenyl-2-picrylhydrazyl) J&—Fffe e FI% O H B2, oK HREE R
B8, 1E 517nm KA H R R 24 VA N B B BB BRI R B, H 75 DPPH
RATX S5 E, {8 DPPH H HEEEE D, ATIE SOs B B RSO AR IR O FE AR /N,
IR . SEES @A 517nm P FRIIRE S RO FE (148 A0 sk BE 2R 14 75 R DPPH H tH
FERCR, DU PEU SR DPPH H B 2E g )09,

& 2 DPPH ¥&l e W R B bt R B
2.2 AR Rt

SCHH, 2018 4510 AR AMmEAEMT, 25k, BRXNTE&H.

LHE (AR) , HEE (AR) , HEE (GR) , ZJif (GR) , HE (GR) , m4i/K (GR),
A (AR) , 2,6- —HUT FXF H Wy (BHT) (AR), 1,1-Diphenyl-2-picrylhydrazyl radical(DPPH)
(AR) (Jbxb T &

WA, JEAK, 96 FLIR.

2.3 X RRIE ST HE

FA1004N 281 RSP (RIS R PAER AR AR 3 RES2AA JieitZA KR4S (i
WRAENWAET D 5 @G - = F DY AT BT (X (Agilent Technologies 1260 Infinity,
USA) ; Espire B§#r{X (PerkinElmer, USA) ; &FhIIHIET: &4 SRS BHAEL
(10, 200, 1000uL) (bR EmEmEAEMFHAR AR 5 EHIEABH (HS-2) .

2.4 LRHE
2.4.1 BTHEHEE

WHE IR FE [ 52 500mL BRI, N 2 Kby, i URaas . vERFREL 6.0g
BEGFISC B, HUEAVELLS, NSRS A, 2 HL 300mL70% ) L EENIN RS Be i . 2 b ml
TABEE, BANAEK, TN 90°CHIZK AT 7843 [ 2h, 2T 2R i L A JR B e 42,
RAFHHIE -

FIRAENRF T, TR A0 PN Al B 2R AT 98 0, 8o R o /b & 25% & BV
Ve Bz, WERIEM . SV HRIRIOR G, MR SRR B . PR BT e 28 R 2%
HZER, RN 60°C, BREH AP ARSI RV, B, RER FIR TR
BB BN, DEZOMANGES, DR ERERTPAREY R . BRI IR,
RpseemElE, W FEER, AR SR E RGN AT, BERE, FRE.

RECR (%) =ZEHEE () /MEHE ()

R B ITRIRE, 1EREE IR A R



B =il B A it 42 DL 38 A W 0 I SE B 1 IR, ITA 45 5% EL Mean + SD JE 330K .

2.4.2 SR RE P AT AR 3 1 3 s 1 AT
2.4.2.1 KA
(1) B

ik C18(250mmx4.6mm,5um,SN10609405) Hypersill Gold £ (Thermo Scientific,
USA); Wiah: AN 0.5%HIR/K, B ANLKE-HEE (1:1) ; J#: ImL/min, JESHMEFA
3uL; 7E 200-600nm Ji Fl ] EAT R, AN E 2 A A
(2) M

HLE 2 B 14k ESD VB : B FUEIR T 300°C, 1EE 7, $3VEHE m/z: 200-1000Da;
HESFLHLE 30V,
2.4.2.2 T 8 5

V4 F 15 S AL G 1 I 1 ] i e B i S L, e A4 . DL RN
HEF 3K
2.4.2.3 KRR 2T GMaE)

K55 FREL 10mg #h 2 (Narirutin, NA) 1 10mg # J7 7 (Hesperidin, HE) #xdh, &,
TN 10 mL FEIRHN, FEES, W5, 8 2mg/mL tadEmiBEHER, &H.

P 5 5 Ddh f B M B 2 v/ SCE M T E R, BN Y ERZ/ SCEM L T E S
75, Bl mg NA/g DW. mg HE/g DW.

(1) bRk £ s

Iy EEL 1024, 5124 256, 128, 64. 32. l6pg/mL JEAFRdE AR, %1 2.4.2.1 HH I
AL bRE 2R, DAbRUE IR A ETGRE (ug/mL) NRARER, SAEYIEERA (mAU)
PR, ZxhilbrdEh 22
(2) FiEH5%

FeE g, MBI —E NENREMERE T oomd, —=R3 6, BE 1. 2. 4,
8. 16h J&, %M 2.4.2.1 HRZATEREIE AR, JEh B HAX bR 2 (RSD) .

FEE RS WM I — 2 IR I E T oo, A7 3 4H, BHES 3R, #
M 2.4.2.1 H SR AR RERE I e WS TR AR, H5E H RSB R L I TADAS 25 FE MR X A v f 22 (RSDD o

HEWFER. RN —EEIERER, — X350, 2E TR, %2421
H SR EERE I e W T AR, TR A AR 2 (RSD)

INFR ISR 5Z . KEHIFREL Sme AT (NAD Ml Smg B (HE) Fxfb, 25 ET
SmL FIE BT, FHFREVEM, 593 Img/mL % FH A Img/mL 85 B H brifE R ERL, &H.
HEWAL I — 2 B IORE I, — 203 4, 48l 200uL Img/mL Al 2 # . 150pL 1mg/mL
PR E AR VBT, RAREGEE T oS, %8 2.4.2.1 R &AEAT R, RASMF
— RUE T SO R IR B IR, FR SR AR AR E R 2 (RSD) .

DL b 25 RBR FH AR 45 R LLKE (pg/mL) £oR.

(3) FEamE =N E

I — & B IRRE T, 1388 2.4.2.10 RIOSEERE, o B4 2040 5
. B EREREE TR (Y) , RESMr— sE T ESCE Rl B S
i, U REENRESR 3K, 4558 K Meant SD £iR.

2.4.3 Ml B S B R BTEA E PE AS

B 2.4.1 BIFRFIRE Vs sr, SR E &I, RKXFFEAF 0.05. 0.1, 0.15, 0.2,
0.25 A1 0.3mg/mL K HTEAIE M % H s K DPPH Lk 0.062mM [ FHEEIE W . 73 7 HL
100uL b3 206 B9 B A 5 100pL DPPH FEBE I FE RN 96 LA, AN BEAE
W4T =91, EeEIR (27°C) B 30min J5, T 517nm &I RN AR R OEE . BHT 1R



PEHMEXTRR, DAFFEE N ZS RO, SEI0-FAT 3 Ik, S EHERR DPPH H HEE M 6E /14% T 0
-H‘ﬁ
SCsoTEREHR (%) =[1-(Ai-Aj)/Ao]*x100%

o, AcFEZ XTI (FFEE+DPPH 70 IMMROGEEE; A fRFES SR CFES+DPPH
WD IR A RS FRER AR RO B A

SCH B S 3 DPPH B 2EIE BR e H 2 E0B BRIKE SCso (half maximal scavenging
concentration, mg/mL) &R, BIFES X DPPH [ H2EI5 B2k S0% (1R . fededh fRoR
N Mean (n=3) +SD, SZEGEREALHRH SPSS17.0 347 .

3 ER50®
3.1 X EHMEH S ERRNE

RHE 2.4.1 ik, M 6.0g MR RISCHIRE N 0.97g, 1RECERN 16.13%.  (FifH4h
CNIRE Y L M L (D)
3.2 X EMEH EREEEMRRERHAEEMTER
3.2.1 BHESITER
3.2.1.1 BREGAELSR
A 2.4.2.1 24300, S0 R EE R El 3 k.
10§ ["ESI
3
2.18
2.5
2.25 ;
% 5y
1.75 | 56 =
1.8 l I 8
138 3 PR I
1 - ) A |t| I |
o] | ‘A f 1T A I | O | I 11
R R N AR O DT, | Gy | S L LTl e e
80 10 11713 13 14 18 18 1Y B 0 W N 202 N B B N W OH H N BN M ¥ ¥
Counts ve. =METE (ain)
B 3 3CEMR S A E
xR 1 XEMEEERILERS
FERH (m/z)
Ui 5 LREGIF ] (min) 7F e EE PN
1 2 3
1 7.81 C,,H;0, 177.24 121.1 133.12 7-methoxycoumarin [20]
2 19.73 C,sH300, 398.1 282.28 163.04 Unknown
3 21.47 C27H30016 611.16 465.1 303.05 Rutin [21]
4 25.61 C,;H,,0,; 573.18 42421 282.19 Genipin-B-gentiobioside [22]
5 26.68 C27H32014 581.19 419.13 273.08 Narirutin [21]
6 27.55 C2sH34015 611.2 449.15 303.09 Hesperidin 23]
7 28.91 C23H34015 611.19 449.15 303.09 Neohesperidin [22]
8 30.23 C21H4015 557.24 445.14 261.12 Unknown
9 31.14 C11Hs03 187.06 159.04 143.05 Angelicin [22]
10 32.08 C21H25010 439.23 352.34 221.19 Unknown
11 34.17 C,;H,;0, 245.12 198.06 159.04 Dimethylallyl-methoxycoumarin [21]




MICH R @ B A 11 B &Y, g R IR 1. XTSRRI S S, K
LA 8 FioNE &Y, 3 MR FMLEY) . S a5 4 B, Hodil 2 (Nariratin)
FOFE 7 7 (Hesperidin) £ U [rI AR 43 T AFURH X6 458 1

OH

o

HO,,
OH
HO__~

0
o)
HO\‘\Q(\ O
o o -

OH O

Narirutin Hesperidin

Neohesperidin Rutin

B4 EEEMEHK

3.2.1.2 RERMEREFHEIL
28 LC-MS 4 HT A0 75 280 95 b 4 3 1k 3 Tl 20 & W 1 Jo 0 Pl F

581, 1885

273.0762

419. 1351
727. 2477

woe2 Lo Jd 873. 3047 1183, 3538 :
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800
Counts vs. ETatt (w/z)

Bl 5 LB B2 A B2 H 5 1 I

xin® tESI

611, 198

449, 1450

a0z NS

O o st e o B -2

_ 757, 2575 1243, 3728
W0 20 a0 M0 sX &0 Mo B

PO 1000 1EO 1300 1300 1400 1500 l6o0  1T00 1800 1900
Counts vs. HiELL (n/z)

B 6 CEMEPBEEREE
322 BEESMWMER
3.2.2.1 brdEihZe
FRYE 2.4.2.1 (9T 264, 50 50 F b B2 FE Ao f OO FE Cug/mL) B8 7 A i (1) 9



(pg/mL) NREALKR, UETA (mAUD RNYPALFRHIEbRAERIZE, WK 7. 8 iR, M EH bR
Yl 2R 0] ) 5 FE N s y=28628x+323101, R2=0.9997 . & Ji 1F A ik il £& [a] 19 7 F2 N -
y=17843x+135997, R>=0.9997.

35000000 -

30000000 - y =28628x+ 323101
R? =0.9997
25000000 -

20000000 |

AT

15000000 -

10000000

5000000 -

0 T T T T T 1
0 200 400 600 800 1000 1200

KE (pg/mL)
B 7 Al AR 2R

20000000

18000000 - y=17843x+ 135997
R?=0.9998

16000000
14000000
12000000 -
10000000 -
8000000 -
6000000
4000000
2000000

0

L 11K 2

0 200 400 600 800 1000 1200
WRE (ug/mL)

Bl 8 18 RE b i 4k

3.2.2.2 JNiEEEER
(1) FaEt:#g
2 MEFABEENREEERER

A Ch)
1 2 4 8 16 FEIME RSD
Em
Tl e 748.04 767.09 738.96 769.24 810.18 766.70 3.58%
5 e 341.58 327.51 324.92 342.35 310.72 329.42 3.98%

(2) MEEHEE
R 3 MBEME R M ERHNEEESRER

A H 1]

R (pg/mL) H{H (ng/mL) RSD W (ng/mL) H{H (ng/mL) RSD




776.06 814.14

Tl B 1 825.69 814.14 4.15% 815.66 814.33 0.15%
840.67 813.2
330.69 349.06

R H 354.58 349.06 4.68% 358.22 354.13 1.32%
361.91 355.12

(3) EEMHLE
R4 HEFABEENEREHEERER

WE 1 2 3 FYME (pg/mL) RSD
il e 866.64 875.61 885.57 875.94 1.08%
1 e 374.47 388.12 378.52 380.37 1.84%

(4) ks el 2552
RS R E R FINgs B R L ]

&Y Bk 2 /mg Bl & B /mg InEf & /mg 55 /mg ALY SRR RSD
17.87 0.2185 0.2 0.4036 96.44%
17.94 0.2117 0.2 0.4295 104.32%

Tl B 1 18.17 0.2299 0.2 0.4087 95.07% 99.18% 4.07%
17.84 0.2108 0.2 0.4004 97.47%
17.90 0.2185 0.2 0.4293 102.58%
17.96 0.1577 0.15 0.2982 96.91%
1827 0.1487 0.15 0.3060 102.44%

e B 17.88 0.1564 0.15 0.2932 95.69% 97.58% 2.99%
18.03 0.1605 0.15 0.3038 97.84%
18.20 0.1526 0.15 0.2876 95.04%

3.2.2.3 AN e & 4

MR 2.4.2.1 25877 v 45 5C EURN B W B B I3 B9 1.11mg NA/g DW, 18 J & &
N 0.55mg HE/g DWW, (4345 o = IR EE IS5 BT A3 £ b KP4
3.3 M S ERERBUE A AR J AR

MRAE 2.4.3 STI6 U7 I A5 5 BUA Rz S S SCso=1.75mg/mL, AH#E T FH %X 8 BHT

(SCs0=0.11mg/mL) ERHMCRHIAE, BA—EMPEMae 1. (rfees Ry =k$Eiss

o T A9 i R T 34D
4 g

SC AR PR S A R E R R G, $REUEN 16.13%. & LC-MS B HE A%
BN, BRE TR I A 11 M AE Y, Hod 8 FONEEER A A AL S . RN BB
il ———th 2 FERIRE 7 5 50 8 1.11mg NA/g DW. 0.55mg HE/g DW.

DPPH SEIG 45 S0, %f L FAPERT I BHT, SC H Rz s 35 R B A — & i AL s
SCHRIRE K BB BHT 2 5] ARRERY, Wl 5z o i s i o] 7 8 AR B A, B A6
FRPTEAGT], B BN AR B S I 98 ot

5 BIFT A
LK LC-MS £ AR FE S HoRh iz B i, 5 g Aokl o 8 FREs i
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