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Effects of plant polyphenols on hair dyeing properties
of walnut green husk pigment
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Abstract : Walnut green husk pigment (WGHP) ,a natural plant dye,has poor coloring capacity ,which limits its application.
This study selected six natural plant polyphenols ( gallic acid,tannic acid , ferulic acid, chlorogenic acid, ellagic acid and cate-
chin) to study their effects on the dyeing properties of WGHP. Based on this, the kinetics model of synergistic dyeing of poly-
phenols and juglone (the main chromogenic substance of WGHP) were explored. Interaction among juglone , polyphenols and
human hair keratin was clarified by molecular docking technology. The results showed that gallic acid, tannic acid, ferulic acid
and chlorogenic acid contributed to the dyeing of WGHP,improved color fastness of hair,and did not damage the structure of
hair scales. Compared with hair dyed by WGHP, the UV resistance and breaking strength of hair dyed by WGHP with four
polyphenols reduced,but they were still higher than those of uncolored hair. In addition , the adsorption process of juglone on
hair did not conform kinetic model, while after adding gallic acid, tannic acid, and ferulic acid, respectively, the adsorption
process of juglone on hair conformed to the pseudo-second-order kinetic model. Furthermore, chlorogenic acid enhanced the
intermolecular binding ability among juglone, polyphenols and human hair keratin, while tannic acid weakened the intermolec-
ular binding ability. Gallic acid, ferulic acid and chlorogenic acid increased the total number of intermolecular hydrogen
bonds. This study can provide a theoretical reference for the development of natural walnut green husk hair dye.
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Fig. 14 AK/S value of hair samples dyed

with various dyes at different times
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Fig. 15 Docking and binding diagrams of different polyphenols,juglone and hair keratin
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Table 2 Docking binding analysis of different polyphenols,juglone and hair keratin
£ EEEPOE 3 SEE LA AL AE I 2
Polyphenol Combined object Binding site Interaction type
DA e s Tyr25 ,Ser26 ,Cys27 | ey
No polyphenol RS f AR Cys29 ,G1y30  Leu35 ,Arg34 .Phe32 LS eol
Gly28 Ser31  Arg33 gt
R kIR A G1y30 3529 )
Gl1y28 .Ser31 Phe32 L
BETR-KAEA Gly24 (RG]
Ty125 ,Ser26 ,Cys27 ,Gly28 S
BT IR- W Bk - 55 mw-m BHE S
FLUTR TA BRI & Gly30 ,Cys29 ,Sei31 Wit S
Phe32 | Arg33 s
g g , Ty125 Ser26 ,Cys27 ,Ser31 \Tyr37 | S b
PR RAEA Gly36 Leu35  Arg34 Arg33 Phe32 LI
Gly28 X
MR FA HIBKER- & B Gly30 ,Cys29 ,Ser31 iR
Phe32 ,Arg33 Ak
BRI BR IR - & A AR 1 Tyr25 .Ser26 ,Cys27 ,Gly28 S
BRI - 8RR - - SRHES
ZRJ5R CA BB A f B Gly30 ,Cys29 ,Ser31 WA T

LRIRIR- KA

IRk - R

Gly28 \Phe32 | Arg33
Tyr25 Ser26
Cys27 Gly28 |Arg33  Phe32

=]
A
™
&

£
2

1 3 nl g, WMk 5 % A R o 1R
EARRBR SRR S G hE 4. 74 k)/mol
I FFR FIBTERLIR J5 , 45 6 e A AN K, B X
i HE AR Y25 5 RE D s ISR IR
5B HER-T.93 kJ/mol , BEBRH A, UL B % 4 #& Ak 45
B8 R, 33X R i R Ak I %o Y A R [

PR Z A2

sHa

PEALLT . 24

3 it

BAFM R, IMARTR)G, BIEWE AN
325. 47 kJ/mol , Ui BH BT R 1) JIn A 2 (AR 1) 45
RE 1782 HEN AT B h TR TR AR S A K, 7
0K K R TGS Gk st g, L gt
Ay F AR EAE T

®k3 AREZH.ARRIMAZAEOXEESE
Table 3 Docking binding energies of different

polyphenols, juglone and human hair keratin
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