™ El O v LR 3010 8 1 gl 5 H 5 30l
' M Scopus M ek D91
2 b 3 @DOAT @1 ERR M
M EBSCO O i R B D FICSTPCD

SCIENCE AND TECHNOLOGY OF FOOD INDUSTRY MCA M EBOEARBITIRCCSE A*
@FSTA @ ISR % (WICD Hif
FAT - ISSN 1002-0306  CN 11-1759/TS  msr 1 B 5 RSB BRI P8 F T

FOBAHR B2 B mA AGEsHﬁ&‘&%&ﬂEﬁJ B

F s, FREik, KA—, BEE, REHE, THE

Inhibitory Effects of Flavonoids from Citrus reticulata 'Chachi' Peel on the Formation of Advanced Glycation End-
products

WANG Wanting, CHEN Wanbing, ZHU Congyi, YANG Mengxue, ZHU Guohui, and ZENG Jiwu

TELRRIEE View online: https://doi.org/10.13386/].issn1002-0306.2024060404

FEAT ARG HoAh S

Articles you may be interested in

SRR LI Z AT T i i 1

Inhibitory Effect of Tectoridin on the Formation of Advanced Glycation End Products
Bin Tl BHY. 2024, 45(24): 98106  hitps://doi.org/10.13386/j.issn1002-0306.2024010275

77 R RERE RS B 2 ZR A SR S i o B 52 1

Influence of Place of Origin and Fertilizer on Fruit Quality of Citrus reticulata 'Chachiensis' in Xinhui District

£ Tk BHE . 2025, 46(5): 267-276  https://doi.ore/10.13386/1.issn1002-0306.2024040178

SFUIREZA N AGEs T BE 1 Y57 e S HAM R L 5T
Research of 8 Non—Camellia Teas on AGEs Inhibitory Ability and Their Mechanisms
B TR 2022, 43(24): 32-37  https://doi.org/10.13386/j.issn1002-0306.2022020105

FLURE S SE A 2™ WX AR f B A T 7

Research on the Harm of Food-derived Advanced Clycatlon End Products to Human Health
B TAbEHE. 2022, 43(6): 443-451  hitps://doi.org/10.13386/j.issn1002-0306.2021030327

A0 T RS 1R R DB AL 2R I BB ST
Effect of Fish Freshness on the Formation of Advanced Glycation End—products(AGEs)in Grilled Fish Fillets
b Tl BHE. 2020, 41(17): 13-18,31  hitps://doi.org/10.13386/j.issn1002-0306.2020.17.003

AR A A i A P B e B PR A A

Changes of Sensory Properties and Antioxidant Activity of Citrus reticulata ‘chachi’ Pulp during Fermentation

£ Tl BHE. 2020, 41(21): 116-121  https://doi.ore/10.13386/1.issn1002-0306.2019120311

KEMAF AT, PAFHE L


https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2024060404
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2024010275
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2024010275
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2024040178
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2024040178
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2022020105
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2022020105
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2021030327
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2021030327
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2020.17.003
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2020.17.003
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2019120311
https://www.spgykj.com/article/doi/10.13386/j.issn1002-0306.2019120311

5 46 % 5 9 ] i Tl B Vol. 46 No. 9
20254 5 H Science and Technology of Food Industry May 2025

FWEE, BRIEvK, R —, 55, 2SR B 2 BRI ] AGEs MRCR K AR B [J]. & dh TR, 2025, 46(9): 153-164. doi:
10.13386/j.issn1002-0306.2024060404

WANG Wanting, CHEN Wanbing, ZHU Congyi, et al. Inhibitory Effects of Flavonoids from Citrus reticulata 'Chachi' Peel on the
Formation of Advanced Glycation End-products[J]. Science and Technology of Food Industry, 2025, 46(9): 153—164. (in Chinese with
English abstract). doi: 10.13386/j.issn1002-0306.2024060404

 HR SR -

RBORR BRI AGEs HIBCR
LN

F et 2, BRgEK ", RN, B E, KEWE, EHE"
(1) F AR LAZ IR RAT, KA RATR oy B R AN F 5 RAETRA)VAEEERF,
JEERMAFERRFAELEEE, ) RSN 510640;
2.8 HRERFEPHZER, ) A M 510630)

B EAFAKLRAFLFAF -5 A4 (bovine serum albumin-glucose, BSA-Glu) WK F, R FE L KM
MM R AR A £ B LTS WNTE R F . A E AR R AGEs 89495 %R, R, #8%
KB R K Aot LT 32450 L KEA L BSA 6940 ZAE R, KX HE 9% AGEs 694E MALkl. 2R &Y, 4 ATR
A KR ZAM R LRI 3T AGEs 09 A s B A L EFWHFAEA, 12 A FXH MR EARRY (25 mgmL) 334
M AGEs AR & G4 &M =4 B A BR . KR A B A= N-F Bt A K R AR R KA H £ 558 76.33%. 71.78%-
62.73% = 66.07%. AKX EEA, NERE. BRERELFRESSHERBSA A RER L, RFELLIEL
M, NKREE. B EAELFREMAT BSAYWHEARE AR (TRP) KAFH A8 (TYR) FRAGMIT
¥oo T EEAY, NHEEE. MR EFE LT TLE S 2 BSA 69 TRP-213 KA MU H KM 2 R+ 5 BSA &
S464, it BSAWEARLARELZ AIGLEARARKMEIER, MFBSABALESSHHRLESLS. &
TR, FHMEREAZRGE TR AR, MARKLSLRBHELG T X4 AGEs 9 £ K, THT
AGEs X 34| 1 49 7F K.

SRERIA): A, KR W, AR I AR, W AR AL, A, o T AT

FE 45 25:TS201.2 X ERFRINED: A XEHS:1002-0306(2025)09-0153—12
DOI: 10.13386/j.issn1002-0306.2024060404

Inhibitory Effects of Flavonoids from Citrus reticulata 'Chachi' Peel
on the Formation of Advanced Glycation End-products
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Abstract: This study investigated the inhibitory effects of extracts from Citrus reticulata 'Chachi' peels at different growth
stages and the primary flavonoid components (nobiletin, hesperetin, and hesperidin) on fluorescent AGEs using the bovine
serum albumin-glucose (BSA-Glu) model. To elucidate the underlying mechanisms, the interactions between flavonoids
and BSA were analyzed using multi-spectral techniques and computer molecular docking. Results showed that extracts
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from Citrus reticulata 'Chachi' peels at four growth stages significantly inhibited AGEs formation. The extracts obtained in
December (2.5 mg/mL) showed maximum inhibition rates of 76.33% for fluorescent AGEs and 71.78%, 62.73%, and
66.07% for the protein glycoxidation products dityrosine, kynurenine, and N'-formylkynurenine, respectively. Fluorescence
spectroscopy revealed that the fluorescence quenching mechanism of BSA by nobiletin, hesperetin, and hesperidin was via
a static quenching procedure. Synchronous fluorescence spectroscopy revealed that these flavonoids slightly altered the
conformation of BSA and the microenvironment of tryptophan (TRP) and tyrosine (TYR) residues. Molecular docking
studies showed that the flavonoids bound to a hydrophobic pocket near the TRP-213 residue of BSA, forming a complex
and disrupting glucose binding to glycation sites on BSA through hydrogen bonds and hydrophobic interactions. In
conclusion, flavonoids derived from Citrus reticulata 'Chachi' peels effectively inhibited the formation of AGEs by
reducing the combination of arginine and lysine residues with reducing sugars, and had potential for use in developing
natural AGEs inhibitors.

Key words: Citrus reticulata 'Chachi'; flavonoids; interaction; advanced glycation end-products; inhibition; molecular
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Fig.1 Overview of four growth stages of fresh
Citrus reticulata 'Chachi'
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Fig.2 Total ion current chromatogram of Citrus reticulata
'Chachi' peel extract
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Table 1 Main chemical components of Citrus reticulata 'Chachi' peel extract
L ER I i e ' i .
W ’f?LlJ‘EEIﬂj WAL AW AT [M+H] R MS/MSH U TE R
(min) (ppm)
1 5.26 1 K H (Hesperidin) CysH3,045 611.1962  —1.54  449.1397;303.0857; 153.0174 i i
7-H-5,3*,4’- = HI L #TH (7-Hydroxy-5,3',4'- . .
2 6.57 rimethoxyflayone) CgH,404 329.1021 0.07 314.0777; 299.0543; 268.0726 [38]
5-H-3",4°,7,8-PU F 4 JL #5 ( 5-Hydroxy- . .
3 6.90 3',4',7,8-tetrameth0xyﬂav0ne) C19H1807 359.1122 -1.2 3440872, 3260771, 315.0878 [38—39]
5-H-3,6,7,8,4°- L H 4 JE 2 (5'-Hydroxy- 374.0988; 359.0756; 341.0644;
4 7.23 3,6,7,8,4'-pentamethoxyflavone) CaoHyOs 389.1240 1.69 197.0078 [38,40]
2°.3°4°,5,7-H P B TR (2',3',4',5,7- ;
5 7.35 Pentamethoxyflavone) CyoH,00; 373.1296 3.09 358.1043; 343.0816 [38]
5-H-3,7,8,3”,4°- i 1 S8 L H{ il . .
6 7.52 (5-Hydroxy-3,7,8,3',4'-pentamethoxyflavone ) CaoHaOs 389.1230 —0.05 374.0986; 359.0757; 341.0646 (38]
7 7.84 Fit 1 ¥ ( Sinensetin) CyoH300, 373.1291 2 8104 3341‘;00894& R
8 8.38 1% Bz % (Nobiletin) C,H,,04 403.1450 4 OSBIISK 33132'91905966; 3550818 e
4°,5,6,7-0 TP A KL TR (41,5,6,7- . . U
9 8.48 Tetramethoxyflavone) C,oH,50¢ 343.118 322 328.0935; 313.0706; 282.0884 T
3,5,6,7.8,3" 4"k I A S ETHH _ _ N
10 8.76 (3.5.6.7.8.3 4" Heptamethoxyflavone) Cy,H,,0, 433.1506 2.74 418.1262; 403.1030; 385.0917 FRAE
11 9.01 1% B¢ 2 (Tangeritin) CyoHyO0; 373.1307 135 358.1055; 343.0830; 325.0712 Frfidh
5- 25 HI | fe 3R . e
12 9.52 (5-Demethylnobiletin) CpoHyO4 389.1240 2.11 359.0761; 341.0651 BRI
2-(3,4-Dimethoxyphenyl)-5-
13 10.16 hydroxy-6,7-dimethoxy-4H-chromen- C,oH 30, 359.1129 0.76 344.0895; 329.0652; 311.0540 [38]
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Fig.3

Contents of five flavonoids in Citrus reticulata 'Chachi' peel extract at four growth stages
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SR IR R SR B S A K LA, AN
A R IR AT & R HE B X 28 G AGEs JE R
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L 4 A 25 B, 12 71 SReAii 14 IS LAt 5 1z 2
Xt BSA-Glu 14 & P28 6t AGEs A= 5l i i il 552
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- 158 - £ Tl B4

2025 4F 5 A

RAAE 2257, 12 7 R s AV ERERE AL 4 ) 5]
FEERYIT A . Zhang FERY K B AL far K IR o3
B 17 A g R A A5 40 RS B AT A Sy 38O B A
FRHEEALANHI55]; Upadhyay 4575 PAIHAAT ARG S He v
IrES Y 5-0-2% F AU -1 IR B2 3R HoAA pobi ik
BOYE o (EEHEE AN 5-25 ) 1 AR B BRAE A SO
Hh R, U B SRS [RIAHAR A R o SR B A HA BT
WA, (B H A A 2 2806 Pl o3 T RET AN
—

1CAG

~ 804 17/

70 { EW9H

| EZEnA ba
i2H b

" AGEsT]
W A W
o O O O
I¢]
o
-
o
N
{=N
o
o
o
2
= .
-
.
[
N
[ H
[ Hi=
i)
R R B

3R 20 cd I :

=

0.125 0.250 0.500 1.000 1.500 2.500
W% (mg/mL)
K4 U A KIS B 2 ) X BSA-Glu /R Z
FGME AGEs B IR
Fig.4 Inhibitory effects of Citrus reticulata 'Chachi' peel
extracts at four growth stages on fluorescent AGEs
in BSA-Glu model
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Fig.5 Inhibitory effect of three flavonoids on fluorescent AGEs
in BSA-Glu model
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Inhibitory effects of flavonoids and Citrus reticulata 'Chachi' extract on protein glyoxidation products in BSA-Glu model
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Fig.7 MGO/GO capturing capacity of three flavonoids from Citrus reticulata 'Chachi'
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Fig.8 Fluorescence spectra of BSA with different concentrations of Citrus reticulata 'Chachi' flavonoids
{E: A. D. G & NOB. TAN, HES X} BSA #¢ Y6 1% i) 2 i, B. E. H 4> %% NOB. TAN. HES 5 BSA # H.{E i Y Stern-
Volmer 72 &, C. F. 14514 NOB. TAN, HES 5 BSA & 1 I A9 XU # i 28 ; a~g: c(BSA)=1.0 pmol/L, c(NOB)=0,
0.5, 1.0, 1.5, 2.0, 2.5, 3.7(x10”° mol/L), ¢(TAN)=0, 0.27, 0.54, 1.1, 1.6, 2.1, 2.7(x107° mol/L), c(HES)=0, 0.32, 0.65. 1.0,

1.3, 1.6, 2.5(x10° mol/L) .
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SRS EER LS T BSA B XS TR T A R
(K ) 328 13 T4 AR DGR XS A R 53T B e ) e
RKAE(2.0x10' L-mol™'-s™"), FAHZS AR BSA 1
LGP0 R s — R ML, ELE S KT B SR 4
KITAB, GEEH B K, PSS-S LS80 n WA oT
NG R ST BAE R PR R e AR YE, 455 an
2 2 frn . TAN Fl HES 5 BSA MY45 & 7 &S558 n
BT 1, R BSA XX RS s i Aa — 284551

K2 BSA SZEEBIMHEAE RO EEL 456w BU
e ASR
Table 2 Quenching constants, binding constants and number
of binding sites of BSA interaction with flavonoids

K., K, K,
AR (x10° La-mol N (x10% L-r;llol Lsh) (x10° L-mol™)
BSA+NOB 0.185 0.185 1.8359 933.25
BSA+TAN 0.432 0.432 1.2195 4.6773
BSA+HES 0.306 0.306 1.1221 1.0715

S5, T NOB 18- 29 n $223T 2, BSA %I B5 Hz 22 7] fig
TEAEPZREE GO K, SRV ER F S MR 31 1R)
LEA SRS TR BESE, BSA XA RIS E LS
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FEI#E 10°~107 L-mol ', FRBHE [ 5 HEK/NrF 2= [H]
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EEE L RIS GEE T R B AT B 1 TR S
FEM, PR FROA S S B, M KRR (AL R
15 nm F1 60 nm B}, 4351 7T L4153 %] TYR 1 TRP %%
FAUFHIEE B, R RS 22 biE s TYR 3¢
TRP 5% 5L J5 IR R e g A8 600, H &1 9 R4,
NOB. TAN #1 HES fifi BSA ) TYR #ll TRP 5 3Lty
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Fig.9 Synchronous fluorescence spectra of BSA with different concentrations of Citrus reticulata 'Chachi' flavonoids
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