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Interaction between the Polyphenols from Pinus koraiensis Seeds Scales

and Whey Protein Studied by Fluorescence and Ultraviolet Spectroscopy
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Abstract: The interaction between the polyphenols from Pinus koraiensis seed scales and whey protein and associated modes of action
were studied by ultraviolet-visible absorption spectroscopy and fluorescence spectroscopy. The analysis by ultraviolet-visible absorption
spectroscopy revealed that the polyphenols from Pinus koraiensis seed scales interacted with whey protein and yielded new complexes, which
also changed the microenvironment surrounding the spatial structures of the aromatic residues of proteins, and induced the conformational
change of whey protein. The fluorescence spectroscopy analysis showed that the polyphenols had a strong fluorescence quenching effect on the
whey protein, and the quenching type belonged to the static quenching of the formed complexes. The apparent binding constants (K,) of their
interactions at different temperatures were calculated as: 1.111 x 10* L/mol (25 C), 2.201 x 10* L/mol (30 C), 6.206x10* L/mol (35 °C), and the
corresponding number of the binding sites (n) were 0.885, 0.937 and 1.043, respectively. The analysis of thermodynamic parameters revealed
that the interaction between the polyphenols from Pinus koraiensis seed scales and whey protein was an endothermic process, and the main
interactive force was hydrophobic interaction.
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Fig.1 UV-Vis absorption spectrum of interaction between

polyphenols from Pinus koraiensis seeds and whey protein
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Fig.2 Fluorescence spectra of interaction between polyphenols
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from Pinus koraiensis seeds and whey protein at different
temperature
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Fig.3 Stern-Volmer plots of interaction between polyphenols
from Pinus koraiensis seeds and whey protein at different
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Table 1 Stern-Volmer constants of interaction polyphenols from Pinus koraiensis seeds and whey protein at different temperatures

Temperature/K Ksv/(x10*L/mol) Ky/[x1 0'% L/(mols)] R’
298 4.536 4.536 0.9972
303 4.030 4.030 0.9938
308 3.706 3.706 0.9975
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Fig.4 Double-log plots of interaction between polyphenols from
Pinus koraiensis seeds and whey protein at different
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Table 2 Apparent binding constants, binding sites numbers and
correlation coefficients of polyphenols from Pinus koraiensis
seeds and whey protein

Temperature/K  K,/(x 10*L/mol) n R?
298 1.111 0.885 0.9924
303 2.201 0.937 0.9931
308 6.206 1.043 0.9938
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Table 3 Thermodynamic parameters of interaction between

polyphenols from Pinus koraiensis seeds and whey protein

Temperature/K  AH/(kJ/mol) AG/(kJ/mol) AS/[J/(mol-K)]

298 -23.08 82.43
303 1.49 -25.19 88.04
308 -28.26 96.57
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Fig.5 The bar diagram of thermodynamic parameters for
interaction between polyphenols from Pinus koraiensis seeds
and whey protein at different temperatures

HI3E 3 AL 5 AT, ZDRA RS2 1y 5 2L B B AH
HAEFI AH>0. AS>0. AG<0, RHXFIH 452
I iU S e s = ap O NP FIVA T N D
il B HHAEAE AG IEUBII N, R IILLRATNEE 2
HAWEANSSE AR H AH 1 AS ()
HUE vIE, RUAHEAER R ESERZEKIER ). H
t, AH>0, THIZLRAM S I 5 AL R A A aid i
Wk, IXWERE T RS Ka BEETRE R TS
[[IEPN: R

3 ZHip

ARSCR I E -7 IR SO 1 A5 e TR 7T
T LR 2 My 5 SIS SR A RO LA RIB U WF T4
RRY], WE AR TR, 2O 2 X 7L
THE I WIRSO G KB A BOE B S YIRS
Ko HEHALRHON 1, MIWEEME 11 iteplss&
TERGHTHIESE AW . BRI # S5
PER I RB M TH SR  Hr T, Z0RaRh k20 B 5 Ui
HAMGENE KT, PEES SR HKIER



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.7

IR EZIRH ST o FAb- R IR 150 W I £ R
Aol 22 Wy 55 L35 AR A HOAE AR T e s R A 05 ik
TR AL (B S5 T AL OO, SHERFLIEE
FIIR A . HIROE B RS I R it 2PIE R
T LA 2 oyl LI B A PO G RN S T
Ko WHFCARARE— W FELLAAP 52 B 5 LTH BR
FEAERI TR SR BN LR AR 22 By Dy £t
LAYk s Mter 2

(1]

PHIBIR LR BRIR Z BRAL & 103 B 4 e KR (E FA AL
HE L D] WA IR M RV TR 2,2017

YI Juan-juan. Separation and identification of Pinus
koraiensis pinecone polyphenol and its antitumor mechanism
[D]. Harbin: Harbin Institute of Technology, 2017

FH B S5 B 458 SO RS 5 S 8 2
1 [D]. M R M R R 4,2011

WANG Ji-chang. Study on separation identification and
protective effect of oxidative damage induced by radiation of
polyphenols in Pinus koraiensis [D]. Harbin: Harbin Institute
of Technology, 2011

WANG Lu, LI Xiao-yu, WANG Hong-chao.
Physicochemical properties, bioaccessibility and antioxidant
activity of the polyphenols from pine comes of Pinus
koraiensis  [J]. International Journal
Macromolecule, 2019, 126: 385-391

2R AL, E e, 2 SephadexLH-20  ZliAk £ FAFARR G -
2y K FARA MR AT 7T 0] bR H:,2014,35(7):57-
61

LI Bo, BAO Yi-hong, GAO Feng, et al. Purification of

of Biological

polyphenols from korean pine cone lamella by sephadexlh-20
and their antioxidative activities in vitro [J]. Science and
Technology of Food Industry, 2014, 35(7): 57-61

FERE, ORI, E90R T 2R R 98 2 M 7= A Bh 2 LAk

TR HEHUEAERA T[] AL ROl RS 541,2015,37(11):

128-135

FU Qun, XU Ming-hui, WANG Zhen-yu. Optimization of
ultrasonic assisted process of extracting polyphenols from
seed scales of korean pine and their antioxidation [J]. Journal
of Beijing Forestry University, 2015, 37(11): 128-135
YI Juan-juan, WANG Zhen-yu, BAI Hai-na, et al
Optimization of purication, identification and evaluation of
the in vitro antitumor activity of polyphenols from Pinus

koraiensis pinecones [J]. Molecules, 2015, 20: 10450-10467
SRR LLAA T SE 2 RR 2 R L B S PR A U R )

[11]

[12]

[13]

[14]

[16]

AERTFE[D].IG 7R MG 73R Tk K#,2010

SU Xiao-yu. Research on the composition and polyphenols
isolation of Pinus korainesis seed shell and its antioxidant
and antitumor characteristics [D]. Harbin: Harbin Institute of
Technology, 2010

SHAO Su-juan, YI Juan-juan, Joe M Regenstein, et al.
Protective effects on 60Co-Y radiation damage of pine cone
polyphenols  from  Pinus  koraiensis-loaded  chitosan
microspheres in vivo [J]. Molecules, 2018, 23: 1392-1406

YI Juan-juan, QU Hang, WU Yun-zhou, et al. Study on
antitumor, antioxidant and immunoregulatory activities of the
purified polyphenols from pinecone Pinus koraiensis on
tumor-bearing S180 mice in vivo [J]. International Journal of
Biological Macromolecules, 2017, 94: 735-744

TR AR, TS LD B 2 ) 5622/ TR AL RE
JIfIEEA[T]. B S TR, 2014,35(20):142-146

WANG Shuo, XU Hong-yan, WANG Kai, et al. Effect of
Pinus koraiensis bark polyphenols on antioxidant abilities in
aging mice [J]. Science and Technology of Food Industry,
2014, 35(20): 142-146

AR 2 AU RO A 7L B S5 S DI RE R B A (D). 0k
FRE AR R 22,2017

ZHAO Ai-di. Effect of microwave treatment on the structure
and function properties of whey protein [D]. Shenyang:
Shenyang Agricultural University, 2017

Ty 3 ik R P T LI B IS5 K S D RERFIAERE IR T 5T
[D] KA HMK£,2018

MA Shuang. Effects of ultrasound treatment on structure and
functional properties of whey protein [D]. Changchun: Jilin
University, 2017

Greta KreSic, Lelas V, Herceg Z, et al. Effects of high
pressure on function of whey protein concentrate and whey
protein isolate [J]. Inra Edp Sciences, 2006, 86: 303-315
Kovacova R, Synytsya A, Stetina J. Characterisation of whey
proteins-pectin  interaction in relation to emulsifying
properties of whey proteins [J]. Czech Journal of Food
Sciences, 2009, 27: 4-8

Amid B T, Mirhosseini H, Poorazarang H, et al. Implications
of partial conjugation of whey protein isolate to durian seed
gum through maillard reactions: Foaming properties, water
holding capacity and interfacial activity [J]. Molecules, 2013,
18: 15110-15125

PUPNESRE R e B I N SV 4 1 RER (SRR T i e
[7]. & R EET MY, 2016,42(2):282-288

LIU Fu-guo, MA Cui-cui, WANG Di, et al. Research

119



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.7

[19]

[20]

(23]

[24]

120

progress on the interaction between proteins and polyphenols
[J]. Food and Fermentation Industry, 2016, 42(2): 282-288
BE IR Bt 8 ORI REM LA RERT R e LA
FRE P R [D] A T AR LK 22,2006

QIN Si. Effect of tea polyphenols on the foaming property
and emulsification of proteins and the qualities of cake [D].
Changsha: Hunan Agricultural University, 2006

Sarker D K, Wilde P J, Clark D C. Control of
surfactant-induced  destabilization of foams through
polyphenol ediated protein-protein interactions [J]. Journal of
Agricultural and Food Chemistry, 1995, 43: 295-300
Harbourne N, Jacquier J C, O’Riordan D. Effects of addition
of phenolic compounds on the acid gelation of milk [J].
International Dairy Journal, 2010, 21(3): 185-191

Von Staszewski M, Jara F L, Ruiz ALTG et al. Nanocomplex
formation between beta-lactoglobulin or
caseinomacropeptide and green tea polyphenols: Impact on
protein gelation and polyphenols antiproliferative activity [J].
Journal of Functional Foods, 2012, 4(4): 800-809

H . 2 BRA S )5 L A AR 2 - 458
KA BB FIHE 7T D] AV TR E£,2009
XIAO Jian-bo. Structure-affinity relationship, theory model
and application of interaction between polyphenols and
serum albumin [D]. Changsha: Central South University,
2009

FIk A TR YRR 5 8 R RO LA AT ST (D). R
ErF B K5,2012

WANG Lin. Study on interaction of some plant active
components with protein [D]. Nanchang: Nanchang
University, 2012

AL Ay SRR S ER O LA AT FE D], Ll gy
22,2016

XUE Fei. Study on the interaction between vanillin and
protein [D]. Shanghai: Shanghai Normal University, 2016

E LU RIR G IR P o 5 2R A SR AR
KIBFIE[D]. I B B K,2007

WANG An-ping. Study on the interaction between some

flavonoids active components in natural products and

[25]

[26]

[27]

[28]

[30]

proteins [D]. Nanchang: Nanchang University, 2007
Biswas A, Swarnkarn R K, Hussain B, et al. Fluorescence
quenching studies of v-butyrolactone binding protein (CprB)
from Streptomyces coelicolor A3(2) interactions [J]. The
Journal of Physical 2014, 118(34):
10035-10042

I AR, 25, VIR, S5 DGR O S R B AR S A 4R
AR LA ] 61 508 ,2009,26(6):1413-1417
SHANG Yong-hui, LI Hua, SUN Jia-juan,

Chemistry B,

et al
Spectroscopic study on the interaction between apigenin and
bovine serum albumin [J]. Chinese Journal of Spectroscopy
Laboratory, 2009, 26(6): 1413-1417

S 50 W, JE AT, S v 1, A I BRI AU AR 5 2 ML AR
A EAR 0] B & AR, 2015,31(12):141-148

WU Ke-gang, ZHOU Hua-li, CHAI Xiang-hua, et al.
Multi-spectroscopic studies of the interaction of linalool with
bovine serum albumin [J]. Modem Food Science and
Technology, 2015, 31(2): 141-148
ZHANG Guo-wen, MA Ya-di, WANG Lin, et al
Multispectroscopic studies on the interaction of maltol, a food
additive, with bovine serum albumin [J]. Food Chemistry,
2012, 133: 264-270

TR, AT, 55 70 TR IO IEE T T 2 A 1
W15 2 I35 HR A0 R LA (0], % il Rk 52,2015,36(23):
38-42

ZHANG Rui, WU Chao-yi, LIU Yu, et al. Studies on the
interaction of ergosterol with bovine serum albumin (BSA)
by fluorescence spectroscopy and molecular docking [J].
Food Science, 2015, 36(23): 38-42

IR E A TS 2Ny 5 BRI BAE R RS 2T
FU[D] A HIHARE,2015

LI Zhen. Spectroscopic investigation of the interaction of
proteins with drugs and analogs [D]. Zhengzhou: Zhengzhou
University, 2015

Ross P D, Subramanian S. Thermodynamics of protein

association reactions: forces contributing to stability [J].

Biochemistry, 1981, 20(11): 3096-3102



