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Determination of the grafting oercentage of APA on the copolymers by proton nuclear magnetic resonance (1H-NMR) spectroscopy.
Structural characterization of pec-g-APA copolymers was determined by using 1H-NMR spectroscopic technique in D2O. 1H-NMR spectra were recorded by a 400 MHz NMR spectrometer (Bruker Model Avance) at room temperature and proton chemical shifts (δ) were given in ppm. Also, the percentage of the APA grafted on pectin can be quantitatively determined by the integration ratio of methoxy proton (H-4) of pectin and the methylene protons of APA (2, 4, 6 and 8) unit through the following equation;
grafting percentage =
       

𝐼APA and 𝐼pec are integration bands of the methylene protons of APA (2, 4, 6 and 8) and the methoxy protons of pectin (H-4) respectively. The NMR spectra of the reactants (native pectin and APA) were shown in Figure S.1 and the integration bands of the copolymers were shown in Figure S.2 for pec-g-APA0.50, pec-g-APA0.45 and pec-g-APA0.40. The results showed that the grafting values of the APA were 46, 34 and 28 %, respectively for pec-g-APA0.50, pec-g-APA0.45 and pec-g-APA0.40. 
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[bookmark: _Ref532569750]Figure S.1. 1H-NMR spectra of the reactants polymer (native pectin and APA)
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[bookmark: _Ref532569761]Figure S.2. APA grafting percentages were 46, 34 and 28%, respectively for pec-g-APA0.50, pec-g-APA0.45 and pec-g-APA0.40.
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