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Fig.1 Structural formula of neohesperidin
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K OmE A A AR BN UK SR, TY
g Bl 25 B A FR A 7] s DPPH, 1 2 s Mk A AL Bt
F IR AR A A]
1.2 NFE5EE
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1.3 FHi&
1.3.1 WP-NH myfi %  FRE—& &1 WP, JFH
H T 10 mmol/L pH 6.8 B PBS 28 nhiE i,
il 45 5T v B A 0.5 mg/mL WP BEVE, 156 A R H
iR 2 0.1 mg/mL [ 0 B0 B 5 . NH UK
I, TP B KRR, Fo s R 1x107
mol/L W BEV , i3 4 COKAH B AR AR . 4300

W 0.1 mg/mL WP ¥ T 3 mL T &0, bl
JE MR B INAg £ W L, RE RV NH AR iR &
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1.3.3 i 5 ELE E A SO K ALEL Y
Sy it — A B NH X WP 28 658 K B 7 K 3
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R 298,304,310 K2,
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Fig.2 Fluorescence spectra of interaction

between NH and WP
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Table 1

Quenching constants (K., K,), number of binding sites (n), binding constants (K,), coefficient

of determination (R?) at different temperatures

T/K K./ (x10* L/mol) K /[x10" L/(mol-s)] n K/ (x10° L/mol) R?

298 3.67 3.67 0.979 291 0.9843

304 3.31 3.31 0.998 2.99 0.9897

310 3.04 3.04 1.0745 7.54 0.9874
2 = 208K 2 = 208K

(Fo-F)IF
g

05 1.0 15 2.0 25 3.0
Q/(x107 mol/L)
(a)

JE T BA B R E
2.3 RMAEDH

HABEAEY R 5 /0 Z i B
KA EAE FR A B E A Ty AR AR R
IMVE S5 WHos M, ol LRSI T 2= S 8k
A5 RN R F W 2 1 L o 1 S5 /N T4 6
JIRYZET N AH FIAS ¥ 1E B B K AR
B R AH F1AS —1E—f H AH /N 0,6t
WA AR E P E o E 5 2 Uil &
A EL AR R e AR B RER K AR RS s
JAH FAS [R5 7, BB AR A ) o SV A
FHE AR 3

S E AE AR R R B9 NH 5 WP A9 A B4
M a4 91, R (3) F(4) 5 Ty 2 28
AG AS Tl AH %59 L3 2,

22 i, WK NH 5 WP AH B {EH
Y AG R, AW E N IE , Ui WP-NH ()45
it EE S E KM EERA G, K AH>0,3%
B NH 5 WP (45 Gk R b oo g, IR

le[ (Fo=F)/F]

lgQ (mol/L)

(b)

B3 NHE WPHEERK Stern—Volmer # 4k (a)fa NH 5 WP #H E/E BRI £ (b)
Fig.3 Stern—Volmer curve of the interaction between NH and WP (a) and double logarithmic curve

of the interaction between NH and WP (b)

2 NH5EWPHEERARNESH
Table 2 Thermodynamic parameters of the interaction

between neohesperidin and whey protein

AS/ AG/
T/K AH/(kJ/mol)
[J+/(kmol-K) (kJ/mol)
298 60.91 0.32 -25.47
304 -26.06
310 -28.95

AE B B A T RS S X5 K, BEE R
JEEF) T e T R I A 45 R — B, BRI 2 A, 3 2 R
ANTR) L BE T B9 3 A 3T A R R (AG) BRI T, %
W] NH 5 WP Z 8] RS A & #EAT M, #-47 L
AT 5T A BRAE B 1 5 2L 81 R A A rh 32 20
HARM s A AR R S = S
F T P 0 00l A B S LA R W) S L R Y
FHEARHT, DR 45 SR AR — B B KA e
UE S A7 AR T BB 28 22 W 5 3R A AR AR
A I LA R KA P B-FLERE P,
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HEHOEE, B 4 B, RINA NH B, Tyr 585678
e KU A 258 5 B B KT Tep 58319 28
SR, H T, WP Y PR 32 R R 0
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DU, B KR S A7 B AR Ak vT #8 7R Tyr 8% Trp
B SR B PE IO B I A8 4k, e KR ST 41
IR Trp 5 Tyr 5% 3 J [l (%) 52 A PR 38 i DA K Bk
7 OB AR R B B 5 i RS ROR Trp 3K Tyr Gk AR
JE] B AR AR P RIS, DL 6B NH 5 WP 2[RI 7 7E
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Fig.4 Synchronous fluorescence spectra of WP interacting with NH
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5a) Fl 2D AH B AE K (B 5¢) 3R W] NH ¥ B 5 iE
i g KA A B-LG i K 25 i NH 3228
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Pro113 Leul17 Ser27 Lys138.GInS5 Ala139 Leu95 |
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WA AKER TS B-LG H 1Y Leuld3 Alal42
Alal39 GIn5 %545, 1AM, Glul14 FI NH B 33E 2

FFFTE 2 A, DIEHERE TS B-LG 456
3R 7k R A Proldd Proll3 Leull7 Ser27.
Lys138 Leu95 .Cys106 . Leu93 .Glul08 . Lys91 , {51
ETTE R JT SR AR AL 55, (B X 4E 7 NH-WP
P R S 3 S AR O NH B 2 B 2 % B 0F 1l ) it
KSR, EREEAHEKIEMN 1S WP B
AW A WP R A SR X 5 YO0 AT 2
3 Y S Ie B AR — 2,
26 mMENLFEMEHAR

A= WA B B BT IRRE 0 R ABTS A i 2
TR E , B W Miller %5 757, AT ¥R 2
PR E AR R 6 TR, AR NH
WP i) ABTS H H B35 ER R0 13.32%, 5 NH i
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Fig.5 Molecular docking diagram of NH-WP interaction
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Fig.6  Determination of antioxidant activity
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Effect of Neohesperidin on the Antioxidant Activity of Whey Protein

Ma Songho, Xu Yan, Liu Lu, Feng Jiaojiao, Zhao Li, Bai Chunqing”
(College of Life Sciences, Jiangxi Science and Technology Normal University, Nanchang 330013)

Abstract In this work, neohesperidin (NH) and whey protein (WP) complex (NH-WP) was prepared to explore the
possibility of enhancing the antioxidant activity of whey protein (WP). The non-covalent interaction mechanism of NH
with WP was studied in terms of fluorescence spectroscopy, synchronous fluorescence spectroscopy, thermodynamic analy-
sis and molecular docking simulation. The antioxidant activity of NH-WP was also analyzed by a series of common used
methods. The results showed that the endogenous fluorescence of WP could be statically quenched by NH, which
changed the microenvironment of aromatic amino acids in WP. Non-covalent interactions between NH and WP lead to
the formation of NH-WP complexes, characterized by a negative AG, positive AS, and positive AH, suggesling an en-
dothermic and spontaneous process primarily driven by hydrophobic forces. There was only one binding site between them
and the complex was formed by combining them at a ratio of 1:1. In addition, the antioxidant activity of NH-WP com-
plex was lower than that of free NH at the same concentration, but higher than that of the pure protein, what’s more,
the antioxidant activity of WP exhibited dose—dependent effect with the increase of NH addition, suggesting that the in-
troducing of NH could effectively improve the antioxidant activity of WP. This research could enrich the theoretical basis
of the interaction between WP and polyphenols, and provide good reference basis for improving functional properties of
proteins as well as widening the application of NH and WP in the field of food and medicine.

Keywords neohesperidin; whey protein; antioxidant activity; interaction; molecular docking



