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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 catechin) to study their effects on the dyeing properties of WGHP. Based on this, the kinetics
model of synergistic dyeing of polyphenols 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 intermolecular 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. 1 Appearance of hair samples dyed with different dyes
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Fig. 2 AE value of hair samples dyed with different dyes
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Fig. 3 AK/S value of hair samples dyed with different dyes
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Fig. 4 UPF of hair dyed with different dyes
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Fig. 5 Breaking strength of hair dyed with different dyes
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Fig. 6 SEM images of hair dyed with different dyes
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Fig. 7 Appearance of hair samples dyed with different dyes before and after washing for ten times
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Fig. 8 AE value of hair samples dyed with different dyes before and after washing for ten times
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Fig. 9 Kinetic curve of juglone adsorption on hair
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Fig. 10 Pseudo-first-order kinetic fitting of juglone adsorption on hair

J GA-J TA-] ——FA-]——CA-]
500

t/Q, (min-g/mg)

100 4

(I) SIO l(I)O 1;0 2(')0 2;0 B(I)O 3%0 4(I)O
i8] Time (min)
B 11 KRR RN S F A
Fig. 11 Pseudo-second-order kinetic fitting of juglone adsorption on hair
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Table 1 pseudo-first-order and pseudo-second-order kinetic parameters of juglone adsorption by hair
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Pseudo-second-order kinetic model
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Fig. 12 Appearance of hair samples dyed with various dyes at different times
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Fig. 13 AE value of hair samples dyed with various dyes at different times
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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 diagram of different polyphenols, juglone and hair keratin
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Table 2 Docking binding analysis of different polyphenols, juglone and hair keratin
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Table 3 Docking binding energies of different polyphenols, juglone and human hair keratin
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Polyphenol Binding energy (kJ/mol)
J-£ W No polyphenol 474
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