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MOE EI ElI ZIN: PREPARATION OF ANTIMICROBIAL PLASTIC PACKAGING FROM
HYBRID NANO SILVER/ EGGSHELL CALCIUM CARBONATE PARTICLES. THESIS
ADVISOR: ASSOC. PROF. WIMONLAK SUTAPUN, Ph.D., 132 PP.

KEYWORD: ANTIMICROBIAL ~ AGENT/SILVER  NANOPARTICLES/EGGSHELL —~ CALCIUM
CARBONATE/SILVER LOADED EGGSHELL CALCIUM CARBONATE/ELECTROSPINNING

The aim of this present research is to develop the functional filler of hybrid
silver/calcium carbonate particles from eggshell waste and apply as antimicrobial
agent for the plastics food packaging and incorporate into PLA matrix using the
electrospinning technique.

Spherical silver nanoparticles (AgNPs) with an average size of 24.13 + 2.95 nm
were successfully prepared by reducing an AgNO; aqueous solution at 70 °C in the
presence of trisodium citrate as a reducing agent and stabilizer. Hybrid particles of
AgNPs-loaded eggshell calcium carbonate (AgNPs/eCaCOs;) were prepared by co-
precipitating the eggshell in the presence of freshly prepared AgNPs. The hybrid
particles were comparatively precipitated at 25 °C and 35 °C using poly (sodium 4-
styrenesulphonate) as a polyelectrolyte. The AgNPs/eCaCO; particles prepared at 25
°C had a spherical morphology with a mean diameter of 3.56 um whereas the particles
prepared at 35 °C had a broader size distribution with a mean diameter of 3.19 pm.
AgNPs-loaded commercial calcium carbonate particles (AgNPs/CaCO3) comparatively
prepared at 25 °C were perfectly spherical with-a mean diameter of 5.61 um. At
preparing temperature of 25 °C, the hybrid particles contained AgNPs of 0.78 wt% for
AeNPs/eCaCO; and 3.20 wt% for AgNPs/CaCOs. The AgNPs/eCaCO; and AgNPs/CaCOs
particles exhibited the same efficiency against bacteria extracted from beef with an
average inhibition zone diameter of 7-10 mm.

In preparing electrospun fibers from PLA and PLA filled with the hybrid
particles, it was found that with the binary solvent systems of chloroform and acetone
(CHL: AC, 2:1 by volume), 10 and 15% (w/v) PLA solutions gave rise to electrospun
continuous fibers without beads. PLA electrospun fibers filled with 3 % (w/v)

AgNPs/eCaCO; contained particle blooming and nonuniform shape along the fibers.



For binary solvent systems, by 9:1 by volume, of chloroform and
dimethylformamide (CHL: DMF) and dichloromethane and dimethylformamide (DCM:
DMF), 10 % w/v PLA solution electrosupn at 1 mL/h flow rate and 20 kV voltage gave
uniform diameter fiber for both binary solvent systems. Incorporation of 5% (w/v)
AgNPs/eCaCO; filler into the PLA electrospun fiber, the binary solvent system of DCM:
DMF gave rise to larger fiber diameter with bead on the string along the fibers. For
tensile properties, PLA with 5% (w/v) AgNPs/eCaCO; electrospun fibers from the
solvent system of DCM: DMF, showed higher Young’s modulus and tensile strength.

For PLA electrospun fibers mats filled with 5% (w/v) AgNPs/eCaCO; and
AgNPs/CaCO; prepared with binary solvent system of dichloromethane and
dimethylformamide (DCM: DMF, 9:1 by volume) at 10 % w/v PLA solution, it was found
that the XRD patterns showed the serhicrystalline structure of PLA. In addition, the
crystal structures of calcium carbonate particles incorporated into PLA electrospun
fibers were still vaterite polymorph. These filled PLA fibers mats had four stages of
thermal degradation. In addition, it was found that approximately 25 wt % hybrid
particles were incorporated into the PLA matrix. For mechanical properties,
AgNPs/CaCO;s filled PLA had lower hardness than AgNPs/eCaCO; filled PLA.

For antimicrobial testing, both filled PLA fibers mats had no inhibitory effect
against £. coli, bacteria extracted from unpacked raw beef from a local fresh market
and from vacuum-packed beef (“INCHA BEEF” brand). This was because the amount
of 5 % (w/v) AgNPs/eCaCO5; and AgNPs/eCaCO; filler content inside PLA porous fibers
mats was not still enough to kill or inhibit the growth of bacteria.

The electrospun fibers mats of PLA incorporated with approximately 25 wt %
AgNPs/eCaCOs; hybrid particles have high potential to be used in antimicrobial fresh
food packaging or other biomedical applications in the future. However, more study
should be done on the aspect of increasing AgNPs content onto the hybrid particles
and make them homogeneously distributed in PLA matrix to magnify antimicrobial

activity of the filled PLA film.
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