Vol. 25 No. 1
Jan. 2 025

1 SRRNEE = T
A

Journal of Chinese Institute of Food Science and Technology

HitH B PR mERAN 2 RS 2 mER R SRS 4l

HEW', & H', BER', T/, HKAKS
(AT AR LA F A E R AN 310021
DA MG Wit & M 318026
WA A AR ARG BN 324014)

HE BMEAPESSBEFAAMEZTALLR, ATASHNRARXHEFRNR, KT R o) mEF Rt AITREF 3R
BCAAEM R P £ B IR AR R E AR, B RN A A BRI AR R T AR TR R IR AR A KL
Mg AR BEATHEAT AL, R AW RAEWRREM A CERR S8 60% , 4 ik o (g/mL)1:40, 32 B et ] 110 min, 42 7R B
75 °C, Se it &3 8 4R S AR IE K (72.6321.53)melg, KA D101 MRS AR B AT 440 R 8 b T4 5 EAF 5 170 mL, L A4F
B A 2.5 ofL # 30% LB, AR AR 1 mL/min, 2Bk A 80% L 8%, $h AL S IR b 3 A Sk B AR & N A & &
FoR k Z TR AR ME 46,23,14545 LR AME THEF TR S T AL TR ARG ORRERR F IR E
R, BRI BEAE EAT AL B R REAM A FHA TR G, AL R AAME P 5 A F BRI T LA A IR &AL A K 89 42
SA R ERETHREEL

KEEIE AR MEFEE; S TAMLGW,; R 4L

XEHES  1009-7848(2025)01-0219-10  DOI: 10.16429/j.1009-7848.2025.01.021

WEAH (Citrus reticulata Blanco cv. Ponkan) &
ZHF MG RN, 5 T E L FR E LA T
FRURI 7 2 oyt AU A T BR A ™ A 95% L |,
A AR AT I BRI 300 A REA BER AR E R
o MEATRSUE R FE RS R SIHon T
BCRTT PORE R A TN TR 23 7 AR KA i 2R
BB % E S AT e R SR Ry, i
B R RIS DR ORI B R4 B
DR A ] P Ah SCRR R A 2R B v 78 T 8 1 i o 3
ATEFERA, MG SR e B 2R i M e ik
Bk 60 Z2Fpl, TR rh AT SERERL b OR BRI R
HoU; A S E R AL b e A L B 0 R
JIBET AR R Z UL XA, 5550 A
— MG, R b R R R 4 ml 4
H S Jr AR, R AT AR o B e A 1 — S B, By
Z WA B ), HL A 1T 250 A PRI, 45 5 il
o A R T P T R e B I 5 T AR SR I
Dy T KA R rbob B AR M A 2 A
B R B AENOY 22 AR R v AR R 4 A

Wi BE . 2024-01-28
E£WA . Wiila @ vk m E (2022C02078)
E—1EE: AL, L, L, BT 5

E-mail: zhenmey@sina.com

PR 2% A 3R TR R AR JS o R AT
R S SR o) =S N A (R TR R = X v = I =|
B 2EEE I )N R R AT BEMAE 6 Tl I,
A BT 2 B 0 ELAT 0 3 T D RB TR 1 i AL Ak
PUR YU OO I B A B — EE E N
G2 B BT I IR

AR Bz el i ¥ TR 2 B o B AT 22 B O RE IR M
HE e e P B Y KAy Dk B o 1%
GE 9 HE BT 1 R BV R DLIE 2 IR AT U AF & R
K TR R (VI ) T 53 9 R 2 B3 04190 AR AR 310
IS TR IMAR | 22 B SR L I 1 4 L i R
JE A HILVE TR0 3RS DL K I O A A B o014
FE AR B9 b, 5 B DR Y 35 o 32 2 15y
SR FH A0 06 B vk I L B A i, X R E R
ARG S W AR 2 T R R LR RS A, K
A3 AH AR SR He rp T BRI 2 O R, T 2
FR S0 1 AR VT AP T 14 AT A
iy 2 AR SR A i, A R R AN 104
mg/g , T HB 43 fi Ffr 1) 22 FR AR 3 ) & AT 1 mgy/
o, FEE R Y SCHRARGE | REAT SR £ A B
il () S B v L A 7 AR 8 SR SR i b A
e AR A R A R, 2 L — 28
T PR v B LB A AP T e R, HRl



220 hoE g

ol

2025 4E5 1 1)

T 3 i {1 228 G e WY B, TR A R R 2 T
T 1) T AR A R P R B
WA T HE MG dh A, AR AT 58 DA O 3
P SO B I DA = T I 2 AR RO 4 A R
2 TR BRI ) e G AR A AR SCLARIEA Bz 4 J5URE
TIF 5 2% 31 HRUDR 20 00 B i B A i 22 Y 4 i 5
BARTR] P SR IR AR PR T2 O i AL
I EATAE BRI ), 35 i X P S A A 20
DASUI i v R AR P BRI , 0 8 HL B Zh RE L
2y AL A S AT R B R, A R SR A 25
A SO A5 2

1 MRERE
1.1 ##

REA T 2022 4F 12 A R H WL, SR s
S RIE MISE % F TR B UR TR Wi, o
60 H i, % H.
1.2 FERF

ZEPTA T RS R A ROT RIS )1
MR R A 3R R )1 MR B ZEbn o, Vg R
AW R A BRA E  HBE | O3 h k ai
POk I 48 B 5 (B ) S5 A IRA A To K O
AL ERER Y R AT el g, Lk BT RL T AR R
B A RA A
1.3 UHB/5EHF

LC-2030C = 80 AH LA, HAS B HE A
FELIR N R 7 P A | B8 T 2R A RS A PR F
BURTHEAL, M Gl AEY R A RA R B
B, Tk T B SE g A g A PR A A
1.4 Fik
141 BETF 2B A 2 WS B I 5 2 1 I
B SRS RORARIE I E |l SR S
AU Iy ¥k, @ik ODS C18 4 (SunFire 5
pwm,4.6 mmx250 mm), % 1.0 mL/min; #HiE 25
C;dEFEE 10 L, K2 K 280 nm,
142 ARUEMIRAHEIE RS BRI T BB s o
i 10 mg B T 10 mL A28 5 i b, in A P s A
BC % 1 mg/ml AR S, A 2 A5 b
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mg/mL PFR AE TR AW, TEC 4 () A ] JBT vk
TR BRIV TR R AT 2 RORORE 438 o AR il 3 1R
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Fig.1 The HPLC profiles of flavone extract of ponkan peel
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Table 1 Factors and levels of orthogonal test 21 HMiMHEDEEEMMZ AEEARTPNRN
L TERUE HRG(B) BRI REURA BREXE
Ty (g/mL) (C)min  (D)/C 2,11 TR O R e vop e I I A 22 AR
1 60 1:35 70 65 FEHER SR BRI fERHR L (g/mL)1:40, 2
5 65 1:40 %0 70 UL 70 °C, S U ] 90 min 25 T, 8 E L
; 0 145 o 7 W TE N 45% ,55% ,65% ,75% ,85% , % 5% £, B J&

Xof REA B o U 32 28 i W B IR A 22 Y A8k I
PRWCRAsZ M, A5 RN 2 Fis, bEE IR E
(0 T e, B B R S T e SR R AT X2 R A
B OB A A PR B 5 | DL 2 R B o
o I SR ORI . LT B o 1 I B 3R 5 2 AR
LV R B AR R AN R TR AR T R, 2
P S A 10 5 e A, T B IO R L
1o, TE & Ttk JiE A AT 30 R A R 2 B ok | Rl &
P 2 0 LR M 5/ o A Y AR RO TR
JER 65%I fie 5 o DN BT A B i ok R BT
Hh S SR TR B T, 2 T AL B
BRNNGE R LR, FENE R T RS
FRATEAG SR e, T A B A T I B 3R IR e 3R &
5 A, W & a4k 1.06 mg/g Al 0.64
mg/g; B B2 AR R B2 28 FIRS B 22 & B e 19 7
Ay, P& ED R 2.67 mg/g 1 0.31 mg/g;
Gl M B R B T B T R B 3R IR Bz 3% i e
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x It AR FR (mL) (2)
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BT BT WA DG o W B AR 2 1 S A v
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W, FEPE R 280 nm Ak I FL I O B 2 o b o it
LN Y =0.0518X+0.0315,R>=0.991, £ H 4
FE T DLV B Bz 25 A v i TE TR RE R 0,
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b5 LS 2 AR T BN Y = 0.118X +
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2.1.2 BRI LR R A Rz rro S R R 2 B AR O
B PR ORI E SR U 60 °C, B LA [A]
90 min, LM IE 65% 55 T, % & BH L (¢/mLL)
h1:10,1:20,1:30,1:40,1:50, % ZR L X RE
FE Rz H b o5 W $2 BOR (1 52w, 85 5 an 3 3 iR B

BRI LN, B R SR BCR TR, FERHR LE
(g/mL) A 1:40 RGNS IR RAERHE L
(g/mL) N 1:20 B dem , Z 5 W F R, Ay 4
Tt 22 FY G0 6 4 T o 25 ARV L T 18 A T B, T
Al 2 22 A0 BE 98 ) 5 e A BB T S B Y o A
BRI 5 R IS AR B I Ok T A B ) LR
RAEBHR L (g/mL) N 1:40 W5,

R2 ZEREIEEIBERENE(m/g) MM

Table 2 The effect of ethanol concentration on extraction ratio (mg/g) of flavone monomer

LBER LN Y Z A A0 B3 e R FHEH A S BR R F A E T EANKEEE B
45 1.03+0.05 3859+1.72 1.13+0.06 1.54+0.05 11.32x0.77 6.62+0.31 1.82 £ 0.06 62.05

55 0.89+0.05 39.64+342 1.14+£0.06 1.41+0.06 10.11+£0.95 6.07+0.45 1.72 £ 0.08 60.98

65 090+0.04 41.68+435 1.32+0.07 1.44+0.04 1023+1.05 6.17+0.58 1.76 + 0.06 63.50

75 0.8+0.030 37.13+4.32 1.19+0.04 1.42+0.03 10.10+1.57 6.08 £0.75 1.74 £ 0.05 58.46

85 0.75+0.05 3421+486 1.00+0.05 146=+0.05 1038+1.15 6.27+0.62 1.79 £ 0.07 55.86

® 3 BIRLLT & EHE B RENE (mg/g) B &
Table 3 The effect of solid-liquid ratio on extraction ratio (mg/g) of flavone monomer
B S

i/ (g/mL)  E A A B e AR A 57 AR NS & R FE 0 A & Fa
1:10 0.74+0.07 1489+1.12 080+0.05 1.69+0.02 10.52+0.12 844+0.06 2.03+0.02 39.11

1:20 0.76 £0.06 29.51+1.16 1.04+0.06 1.68+0.09 14.12+0.60 6.79+0.29 194+0.10 5584

1:30 0.76 £0.02 27.51+2.52 1.06+0.05 1.66+020 10.82+1.02 6.30+0.50 1.83+0.25 49.94

1:40 0.83£0.02 40.58+0.09 1.07+0.07 1.71+0.05 10.73+090 6.37+046 1.86+0.06 63.15

1:50 0.82+0.03 40.81+0.09 0.18+0.02 149+0.05 1045+0.18 6.33+£0.08 1.85+0.08 61.93

2.1.3  PRBGEE XA B B R i A 2 AR ] BE 2 X B B A R 1 SRR, DR iR 5

LT SR BCRAYE N TR L (g/mL)1:40, $2

I TR o 1B O 3526 2 43 0 S i

B [B] 90 min, £ BRI 65% 41 T, & $ LR
R 40,50,60,70,80 °C., %5 £ £ WU B 5% A At Rz
B HR HCR A, 45 RN ER 4 R BE R Y
This B B B BURSE T & S BEAIL, 72 70 CH i
1o, X FR TR R T R R T R A o iR

HE R Tl R e T e R e, ik
60 CI fie i, Z Ja A BT AR O T A, RN
P B AR, 2 B el B X B A 12 BB ) O A
F o A% SR Y B P2 BOCRTE 60 C fie i o

F4 REUREX & EENSERENE (mg/g) 1300

Table 4 The effect of ethanol exiracting temperature on extraction ratio (mg/g) of flavone monomer

8 /C EAMEF BRI FHEEF  HEER KR EE Bk E xR %
NNy &y
40 0.75+0.03 33.96+0.62 1.01+0.04 1.50+003 10.05+0.18 6.04=0.10 1.75+0.04 55.06
50 0.71 £0.05 3554+3.72 093+0.05 135010 925+1.07 556+0.55 1.61+0.14 5495
60 0.93+0.03 4578+021 122+0.02 1.84+002 1215020 7.22+0.10 2.08+0.03 7122
70 1.01 £0.02 49.15£5.76 132+0.04 147+0.15 1028+1.86 6.14+095 1.78+0.16 71.15
80 0.85+0.03 4159268 1.06+0.03 1.48+008 1032+1.10 620+055 1.80+0.10 63.30
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214 BRI E) XS BT R o T 2SR A 2 AR
SRR BCR R Em ERHR L (g/ml)1:40, 4%
BUREE 70 °C, BB 65% 551 T, 2 $ BT
[ >4 30,60,90,120,150 min, % £ BT 8] % R
MRz B R SR BOCR (520 45 SR I3 S iR, Bl 1R
BSURST [R) A A4, 4 R T B BB S48 n 5 B AR O
FRE , X S T B R IR (R (%) K | B i 40 34

Vo figp 3 B IBUAR T, Y SR IO ) B B R
SRUE Y DRI Bl i BT 18] fr) A2 A 50y | LR H
1) F0E 4 2 38 X)) 9 T A ol B ORI
WRECER | A5 B3R 5 20 W AU B T 3 BOR S5 8 B
(72 AL SRR [R] 4% B 199 S B JBCR A 12 1L 90

min A 5z 5 .

x5 IREUA X & E AN S AR EUE (mg/g)

Table 5 The effect of extracting time on extraction ratio (mg/g) of flavone monomer

FRE A /min - EAAEF A FHFEF HEEEW U & A F )ﬁ:}i%% %
30 0.88+0.05 41.11+2.13 1.09+0.04 136005 971+1.04 585+051 1.73+0.06 61.73
60 0.89 £0.07 4421 +484 1.15+0.08 1.40+0.10 997+128 6.03+058 1.78+0.12 6543
90 144 £0.06 45.13+3.61 132+0.07 151+0.08 10.85+1.05 6.51+0.50 1.83+0.07 68.59
120 090+0.06 3821+387 120+£0.06 143+0.08 10.16+1.07 6.14+0.51 1.72+0.08 59.76
150 0.84+0.08 3819+1.09 1.06+0.04 143+0.03 10.19+040 6.15+032 1.73+0.02 59.59

22 MHEPREEXEMMES FEREEMAIR
WIEXRE

MR PRSI 85 R e O IR (A) B
WL (B) AR ] (C) M EBUR E (D)4 A 3R i
17 Lo(3) IEAC RS, LA v Bl G 32 HUR N B 8846 45
RN 6 Fron ., i R AE A1, 4 A D20 B 2
IR 2 M) ) Py R B/ MU < T JEE > 4 B

T EE S BHR L > PRI R] P SR AR R R T 20 55
& :A\B,CiDs, BV . SR FE 60% , BHIK 1L (g/mL) 1+
40, $LICET ] 110 min, $EHGREE 75 C, X e A4
IUARAFEAT 3 RIS AIE, A5 21 35 R B R Y S PR R
7 (72.63+1.53 ) mg/g , FLHE IR 5 1 KB 43 SCHk
2 T 11 A ) i B R T8

®x6 EXRBHER

Table 6 Results of orthogonal experiment

K B % 3 BRI/
Al% B/ (g/mL) C/min D/C (mg/g)

1 1(60) 1(1:35) 1(70) 1(65) 62.31+1.14
2 1 2(1:40) 2(90) 2(70) 62.69 +4.12
3 1 3(1:45) 3(110) 3(75) 70.02 +3.24
4 2(65) 1 2 3 60.67 £2.18
5 2 2 3 1 61.01 +3.34
6 2 3 1 2 59.49 £ 5.67
7 3(70) 1 3 2 55.94 + 1.46
8 3 2 1 3 60.43 +3.26
9 3 3 2 1 53.04 +1.13
ky 65.01 59.64 60.74 58.78

k, 60.39 61.38 58.8 59.37

ks 56.47 60.85 62.32 63.71

R 7.84 1.04 0.88 422

23 WBHEMMSBESESMNEERREWL
2.3.1  _BREDRZE X R AL N 2 A A W2 B 3 o o 1

A~ EL S

SO LR B DO REAT B SR Yy, LR
BB aifl . @ D101 KL IR HE 2 A 4ifk



HE

224

B

]
215]

2
&

Bl

2025 4E5 1 1)

FH A3 6 B 1 0 3t B W AT RO B I, B R R
HUE | ERET G RER S EETE R_ERE R X B
T A 22 R R0 B O o (ST R R ) 1 R )
w2 Fis

2310 LREFEWREN W ERR O RERE
9 50% , EREFE N 1 mL/min, b FE R E 435
4 2.5,5.0,7.5 /LB, EFE 1T ASHEIRIAFL(BY) il
S WETT B R 22 R AR R B R A i b . 2 R R
IR N 2.5 o/L B WE 1 55 R A1 22 F SR 9 )
TR B R AR, BBV B 5.0 /L B, A5 22
& 3G n T LR B R R R 7.5 /L B 3 R
BRI, 2 W bR B vk B R I R AL IR AN g
vk o) A= QL Y NS s S N O O = 279 D)
2.5~5.0 /L N,

23.1.2  bEREREBE W AR BB E N
2.5 o/L, FEWR S BV 2l 50% , bR it 353 1) A
0.5,1.0,1.5 mL/min B, E#E 1A~ BV, 2 0517 2
Til] 1 22 F SR SE BT 1 3 1 i . MR R 0.5 mL/
min B, B 0 0 i I, T 1.0 mL/min
1.5 mL/min B 30 5 BT 386 i 384 Jn A BH i
T2 PRI Ay A R B I 9 A A FLARS B AT 1 e [R]
B B 1 ) A A R A T A e o AR U AT
1 g R B (A (P S 3 03 s A ) =y i S 2 R

257
%C 20k 2280 nm
} %330 nm
i 5
=2
=g
=
=
o
25 5.0 75
[0 271953
Loading concentration/(g/L)
(a)
25¢
E" 230 nm
=.2.0F [®330nm
o5 st
=&
B o2 10f
=
s 05
)
[N ) — ]

30 40
e L
Ethanol concentration/%

(c)

o

ES

R NI e 1 mL/min B AE

2313 MBS TE LR B
H 2.5 /L, EAETECN 1 mL/min, FE I £ BEWKR FE A
30% ,40% ,50%H , FFE 1A BV, I 22 0 25 il A1
Z WA S 0tk i, BEE FRE R EE Y
B0, R R A B PR R LA iR A
CBEZ A AATETE e o YRR Bk B2 3 I
BT E £ BV VP ) A B, BT O 45 ) VS i
FE LW B AR W, BTN RE LA
I BT 5 T 2 e 3k R AR IR B 2 A 7 2 B P Y
VoS Ak FE AV, B ) Bl AL AR g W o v s R B AR 2
Pt e 8 AT, B I (7% V4 e B2 AR o8 6 T O 22
TE W K ORI AN 5 B R AL B W B, PRI
BEWR 2 TR B DL 30% R L,

23.14 bHEREW fE EREREWKEN 2.5
o/L, EFEFEEE A 1 mL/min, FE K & BEWR R 30%
BF, X3 R AT A A O B 10 mL, R
WAE 2 AT (8 Wi o o B v L DA
2d ATRLE TR 25 18 4 (LR
180 mLL) I, 3t HH ¥ 265 I o o vk 8 P 38 o, o

% ERESUCh EAR IR A R AR B
170 mL,
14 ¢ | ®280nm

G
=
z
g
&
g
=
=
O x 2

1.0

R
Loading flow rate/(mL/min)
(h)
~ 100

%
S

—&— 280 nm
=tr— 330 nm

60

40

J3 e YR

Mass concentration/(g/L

20

0 50

100
bR
Loading volume/mL

(d)

150 200 250

2 BFEARMKAMEEMEERRHE (HRERE )M

Fig.2 Effects of different factors on the outflow quantity (or mass concentration) of flavones of

macroporous resin chromatography column
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232 ZUTEER MOV T O VR v T A ) 5 i)
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Fig.3 Effects of different mass concentration ethanol on mass concentration of flavones in their eluent
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Table 7 The HPLC analysis of flavone monomer in elution mixture and purified flavones
EAAEF BREF ABFEF O MEEZE NMKEET BEAF FPE h¥id
N

60% % L i &%/ (mg/L.) 0.00 0.24 0.00 0.01 0.00 0.08 0.02 0.35
80% % L if & i / (mg/L.) 9.16 210.73 4.59 2.14 14.66 7.05 2.13 250.46
100% L 8t A~ i/ (mg/L.) 5.59 112.75 2.94 0.35 5.24 13.61 4.34 144.82
S5 BR e AL 4 7/ (mg/LL) 36.00 879.09 33.97 13.18 92.73 35.16 5.29 1095.42
HALdh S B E % 0.95 23.19 0.90 0.35 2.45 0.93 0.14 2891
LI 4 S B A % 0.10 5.03 0.13 0.15 1.06 0.64 0.19 7.26
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The Synchronized Extraction and Purification of Glycoside Flavones

and Polymethoxylated Flavones in Ponkan Peel

ZHENG Meiyu', GAO Pu', LU Shengmin', CAO Xuedan?’, XU Xiaozhong®
(Institute of Food Science, Zhejiang Academy of Agricultural Sciences, Hangzhou 310021
*Zhejiang Citrus Research Institute, Taizhou 318026, Zhejiang
’Zhejiang Jinming Biotechnology Co., LTD, Quzhou 324014, Zhejiang)

Abstract Ponkan peel is rich in glycoside flavones and polymethoxylated flavones. To utilize adequately the two flavone,
the synchronized extraction from ponkan peel was carried out, whose technology was optimized by single factor and or-
thogonal test, based on the the extraction rate of main flavonoid monomer of ponkan peel. The obtained crude extract
was purified by the macroporous resin column chromatography. The results showed that the optimized extracting technology
was a concentration of 60% ethanol, solid-liquid ratio (g/mL) of 1:40, extracting temperature of 75 C and extracting
time of 110 min, by which the total extracting ratio of seven flavones was (72.63£1.53) mg/g. Through the single factor
experiment, the better purified conditions by the macroporous resin column chromatography were a loading sample volumn
of 170 mL, loading sample mass concentration of 2.5 g/l in 30% ethanol solution, flow rate of 1 mlL/min and elution
concentration of 80% ethanol, under which the contents of hesperiding, nobiletin and tangeretin in purified extract were
4.6, 2.3, 1.45 folds of those of crude extract. Conclusion: The glycoside flavones and polymethoxylated flavones in
ponkan peel were extracted synchronously at a higher extracting ratio, whose contents were enhanced further by the fol-
lowing purification by the macroporous resin column chromatography. The research results can provide the evidence and
reference for the extraction of multiple flavones and comprehensive utilization of ponkan peel.

Keywords ponkan peel; glycoside flavones; polymethoxylated flavones; extraction; purification



