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Manufacture and Characterization of Microfibrillated Cellulose (MFC)/
Propolis-Incorporated PLA Films

Yeon Ju Lee, Hye Jee Kang, Min Su Kim, Young Hoon Jung*

School of Food Science and Biotechnology, Kyungpook National University, Daegu, 41566, Republic of Korea

Abstract The study aimed to enhance the properties of polylactic acid (PLA), a biodegradable and biocompatible sub-
stitute for fossil-based plastics. Since the applicability of PLA has been limited because of its toughness and brittleness,
microfibrillated cellulose (MFC) and propolis were introduced into PLA. As a result, the PLA film with MFC/propolis
showed significant improvements in mechanical strength, elongation, and storage modulus, while also experiencing a
decrease in the glass transition temperature. Additionally, the presence of polyphenols in propolis led to a reduction in
light transmittance in the UV wavelength range. These enhancements are attributed to MFC tightly bonding with PLA
polymers, and propolis acting as a plasticizer and mediator between MFC and PLA, preventing agglomeration. These
reinforced PLA films have the potential to be used in flexible packaging for light-sensitive products.
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Table 1. Mixing ratio of PLA, MFC, and propolis for making films and film images

Sample type
PLA PM(0.5) PM(1) PP PPM(0.5) PPM(1)
PLA (g) 5.7 5.7 5.7 5.7 5.7
MFC (g) - 0.0285 0.057 - 0.0285 0.057
Propolis (g) - - 0.57 0.57 0.57

Image {
\ /7
e <
Thickness (mm)| 0.367 = 0.03 0.325+0.01 0.371+0.23 0.410+0.36 0.420 +0.02 0.402 +0.01

PM: PLA+MFC, PP: PLA+propolis, PPM: PLA+MFC+propolis
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Fig. 1. Physical property measured by UTM of PLA films added propolis and MFC. (a) tensile strength and (b) elongation at break.
PM: PLA+MFC, PP: PLA+propolis, PPM: PLA+MFC+propolis. Mean values with different letters are significantly different (p < 0.05)

by Duncan’s multiple range test.
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Table 2. Glass transition temperature of films
Sample PLA PM (0.5) PM (1) PP PPM (0.5) PPM (1)
T, (°C) 41.9 39.5 40.0 32.1 29.0 32.0

PM: PLA+MFC, PP: PLA+propolis, PPM: PLA+MFC+propolis
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Fig. 2. Mechanical property measured by DMA of PLA films added propolis and MFC. (a) storage modulus, (b) loss modulus, and
(c) Tan Delta. PM: PLA+MFC, PP: PLA+propolis, PPM: PLA+MFC+propolis.
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Fig. 3. FTIR spectra of the neat PLA, PM(0.5), PM(1), PP,
PPM(0.5), and PPM(1). PM: PLA+MFC, PP: PLA+propolis,
PPM: PLA+MFC+propolis.
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Table 3. Weight loss in TGA experiments of films

Until 245°C (%) Until final (%)
PLA 11.001 88.975
PM (0.5) 9300 89.884
PM (1) 9.620 90.386
PP 8.691 91.342
PPM (0.5) 9.764 87.236
PPM (1) 8.965 89.998

PM: PLA+MFC, PP: PLA-+propolis, PPM: PLA+MFC+propolis
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Table 4. Transmissions of PLA films added propolis and MFC

Transmission (%)
PLA 61.15+1.19
PM (0.5) 46.32+1.41
PM (1) 3591+ 1.44
PP 3.76 £0.73
PPM (0.5) 3.22+0.08
PPM (1) 2.99 +0.04

PM: PLA+MFC, PP: PLA+propolis, PPM: PLA+MFC+propolis
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