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Figure S1. Thin layer chromatography of three different synthesis batches (indicated as 1, 2, and 3) of TPAG. Absence of by-products is confirmed.
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Figure S2. (A) Pear’s antioxidant activity loss experimental setup with detail on the smashing step and the pear’s extract after centrifugation. (B) Representative photos of pears before and after 14 days of storage with PLA-TPAG5.

Yields, 1H-NMR and 13C-NMR assignments of TPAG plasticizer
[[C6H5]CH2C(=O)O]CH2CH[(C6H5]CH2C(=O)O]CH2[(C6H5]CH2C(=O)O]. The compound was obtained as a yellowish oil (88% yield).
1H-NMR (CDCl3, 600 MHz): E δ = 7.3-7.2 (m, 15 H, [C6H5]CH2C(=O)O), A δ = 5.24 (m, 1 H, CH2CHCH2), B and C δ = 4.26 (dd, 2 H, J = 12 Hz, J = 4 Hz, C(=O)OCH2CHCH2) and δ = 4.10 (dd, 2 H, J = 12 Hz, J = 6 Hz, C(=O)OCH2CHCH2), D δ = 3.54 (s, 4 H, [C6H5]CH2C(=O)O), F δ = 3.52 (s, 2 H, [C6H5]CH2C(=O)O).
13C-NMR (CDCl3, 150 MHz): C δ = 170.93 ([C6H5]CH2C(=O)O), F δ = 170.59 ([C6H5]CH2C(=O)O), E δ = 133.56, 133.53, 129.24, 129.23, 128.62, 128.60, 127.24 ([C6H5]CH2C(=O)O), A δ = 69.23 (CH2CHCH2), B δ = 62.33 (C(=O)OCH2CHCH2), D δ = 41.06 ([C6H5]CH2C(=O)O), G δ = 41.00 ([C6H5]CH2C(=O)O). 


[image: Immagine che contiene testo, schermata, diagramma

Descrizione generata automaticamente]
Figure S3. 1H-1H COSY spectrum of of TPAG plasticizer.
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Figure S4. 1H-13C HSQC spectrum of TPAG plasticizer. 
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Figure S5. 1H-13C HMBC spectrum of TPAG plasticizer. The pulse sequence used for the HMBC experiment also provided direct one-bond correlations.

Fourier Transform Infrared (FT-IR) Spectroscopy experimental details. A PerkinElmer Spectrum Two spectrometer equipped with a diamond crystal operating in attenuated total reflectance (ATR) mode was used to analyze the films’ structure. Spectra were recorded in the wavenumber region between 4000 and 400 cm−1 using a spectral resolution of 4 cm−1 and 64 analysis scans. Spectral data were processed with Spectrum 10 software (PerkinElmer). Three replicates were recorded for each film sample.
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Figure S6. (A) FT-IR spectra of PLA and PLA-TPAG films. Yellow-shaded areas highlight the two regions of interest where aromatic signals appear. (B) Highlighted region of FT-IR spectra between 1500 and 1400 cm-1. The dashed black line shows the increase in the band's intensity at 1498 cm-1 (aromatic C=C stretching from TPAG molecule) [1] (C) Highlighted region of FT-IR spectra between 900 and 650 cm-1. The dashed black line shows the increase in the band's intensity at 698 cm-1 (aromatic C-H stretching) [1]


Table S1. Thermo-mechanical properties of PLA films compounded with TPAG. Glass transition temperature value extrapolated from DSC analysis (Tg,DSC),  glass transition temperature value calculated from Fox equation (Tg,FOX), Young's modulus (E), elongation at break (εb), tensile strength (TS) and toughness (T) values obtained from tensile tests.
	Sample
	TPAG content
(phr)
	Tg,DSC
(°C)
	Tg,FOX
(°C)
	E
(MPa)
	εb
(%)
	TS
(MPa)
	T
(J∙cm3)

	
	
	
	
	
	
	
	
	

	PLA
	0
	57
	57
	1301 ± 47
	11 ± 4
	27 ± 3
	3 ± 1
	

	PLA-TPAG5
	5
	50
	50
	740 ± 50
	286 ± 11
	2 ± 1
	11 ± 2
	

	PLA-TPAG10
	10
	44
	43
	492 ± 64
	452 ± 28
	4 ± 1
	15 ± 3
	

	PLA-TPAG20
	20
	35
	30
	489 ± 55
	599 ± 175
	11 ± 4
	22 ± 3
	


Table S2. Comparison of glass transition temperature (Tg), Young's modulus (E), elongation at break (εb) of PLAs plasticized with TPAG and other biobased plasticizers.
	Matrix
	Plasticizer
	Tg
(°C)
	E
(MPa)
	εb
(%)
	Ref.

	PLA amorphous
	TPAG (Triphenyl Acetic Glyceroate, 20 phr)
	35
	489
	599
	This work

	PLA amorphous
	GT (glycerol trilevulinate)
	29
	230
	470
	[2]

	PLA amorphous
	PEG400 (polyethylene glycol 400)
	19
	630
	200
	[3]
	
	PEG1000 (polyethylene glycol 1000)
	22
	290
	303
	

	
	AGM (acetyl glycerol monolaurate)
	24
	35
	335
	

	
	DBS (dibutyl sebacate)
	26
	430
	269
	

	PLA semicrystalline
	Cardanol
	22
	83
	30
	[4]
	
	ECA (epoxidized cardanol acetate)
	32
	410
	50
	

	PLA semicrystalline
	ATBC (acetyl tributyl citrate)
	29
	69
	503
	[5]
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Figure S7. (A) DSC thermogram of the synthesized TPAG additive. (B) TGA (black line) and DTGA(dashed red line) of the synthesized TPAG additive.


X-ray diffraction (XRD) The crystallinity of PLA-TPAG films was analyzed by X-ray diffraction (XRD) using a Rigaku SmartLab X-Ray Diffractometer equipped with a copper rotating anode. The X-ray source was operated at 40 kV and 150 mA. A Gobel mirror was used to obtain a parallel beam and to suppress Cu Kβ radiation (1.392 Å). All measurements were performed using a 2θ scan.
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Figure S8. XRD spectra of PLA and PLA-TPAG compounds. 
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Figure S9. UV-Visible spectrum of TPAG.


Table S3. Values obtained from TGA and DTGA curves. Thermal degradation onset temperature (Tonset), maximum degradation rate temperature (Tmax), temperature at 5% of weight loss (Td5), temperature at 30% of weight loss (Td30), heat resistance index (Ts).
	Samples
	Tonset
(°C)
	Tmax
(°C)
	Td5
(ºC)
	Td30
(ºC)
	Ts
(°C)

	PLA
	290
	313
	108
	264
	98

	PLA-TPAG5
	316
	326
	197
	287
	123

	PLA-TPAG10
	313
	342
	225
	283
	127

	PLA-TPAG20
	314
	348
	223
	298
	131
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Figure S10. Photographs of PLA, LDPE, and PLA-TPAG10 showing the lack of bacterial inhibition halo for E. coli and B. cereus. Scale bar: 5 mm.
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Figure S11. (A) pH and (B) Titratable acitidy (TA) of pears on the 1st , 7th  and 14th day of preservation in tubes without a covering film (unpacked) and covered with PLA, PLA-TPAG10, PLA-TPAG20, and LDPE films as a function of time.
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