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Fig. S1 The SEM image of the three-layer structure of grape skin.
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Fig. S2 Surface toughness of PVA and UGS15-PVA films.
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Fig. S3 Photographs of GS-PVA films and UGS15-PVA film.
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Fig S4 The pure UGS film was fragile. (a) The UGS film peeled off from the petri dish was flaky. (b) and (c) The fragility demonstration of UGS film.

Table S1 FTIR peaks corresponding to the dominant functional groups in UGS
	Number
	Functional group
	 Adsorption bands (cm-1)
	Main assignments

	ⅰ
	CH2
	~2918
~2849
	asymmetric stretching in lipids 
symmetric stretching in lipids 

	ⅱ
	C=O
	~1732
~1716
	stretching in aliphatic polyesters and holocelluloses a)

	ⅲ
	C=O
	~1689
	stretching in proteins

	ⅳ
	C=O
C=C
	~1605
	asymmetric stretching in pectins and holocelluloses 
stretching in polyphenols b)

	ⅴ
	C-C
	~1516

~1439
	stretching in polyphenols

	ⅵ
	CH2
	~1309
~1370
	bending in holocelluloses, pectins

	ⅶ
	OH
	~1264
	bending in holocelluloses, pectins 

	ⅷ
	C-O
C-C
	~1097

~1065

~1026
	stretching in holocelluloses and pectins

	ⅸ
	C-H
	810~920
	deformation in polyphenols


a) Holocellulose was consisted of cellulose and hemicelluose. b) Polyphenols was mainly consisted of anthocyanins, proanthocyanidins tannins and flavonols (Engel et al. 2019; Esquivel-Alvarado et al. 2020; Fasoli et al. 2016; Gowman et al. 2018; Jin et al. 2020; Nogales-Bueno et al. 2017a; Nogales-Bueno et al. 2017b; Ribeiro et al. 2018).
Table S2 13C NMR assignments of compounds in filtrated UGS and UGS filtrate 
	Filtrated UGS:

13C shift (ppm)
	Main compounds a)
	UGS filtrate:

13C shift (ppm)
	Main compounds

	181.2
	pectins
	172.7
	pectins

	176.1
	
	154.3
	anthocyanins; proanthocyanidins; flavonols; tannins

	172.9
	
	144.6
	

	154.5
	polyphenols
	128.3
	anthocyanins; proanthocyanidins

	144.3
	
	122.7
	anthocyanins; proanthocyanidins; flavonols; tannins

	131.7
	
	98.9
	flavonols; tannins

	116.1
	
	92.9
	

	105.2
	cellulose; pectins
	70.6
	anthocyanins

	88
	cellulose
	64.2
	

	83.7
	
	56.8
	flavonols; tannins

	75.1
	cellulose; hemicellulose
	48.2
	proteins

	73.4
	
	41.4
	

	72.2
	
	39.5
	

	64.2
	
	32.7
	lipids

	62.5
	cellulose
	30.5
	

	53.6
	pectins
	18.4
	proteins

	30
	lipids
	16.7
	anthocyanins; pectins


a) Four main polyphenols of anthocyanins, proanthocyanidins, flavonols and tannins were analyzed in this table (Bloor and Abrahams 2002; Castillo-Muñoz et al. 2009; Farooque et al. 2018; Fryganas et al. 2018; Kennedy et al. 2001; Matharu et al. 2016; McGhie et al. 2006; Mendes et al. 2013; Zhu et al. 2014).
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Fig. S5 Polarizing microscope images of pure PVA film and UGS15-PVA film.
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Fig S6 Stretching process of PVA and UGS-PVA films after moisture absorption at RH of 93%.
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Fig. S7 a Photographs of GS solutions at different pH. b UV-vis spectra of GS solutions of different pH
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Fig. S8 The chemical structure change of anthocyanin with the change of pH. When the pH changed, the red flavylium cation possible turned into purple quinonoid bases (A1, A2, and A3), colorless hemiketal (B), and yellow chalcone (C).
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Fig. S9 Photographs of DPPH solution: control one, with PVA film and with UGS-PVA films.
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Fig. S10 The UV-Vis spectra of UGS15-PVA film water solution with different mass concentration.
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