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2. Thickness
3. solubility in water
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7. water vapour permeability (WVP)
8. Oxygen permeability
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4. Water absorption capacity (WAC)
5. Soluble soybean polysacharide
6. Moisture uptake
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Table 2 Water solubility average of SSPS and
nanoSiQ films incorporated with various
concentration of harmal essence

Solubility (%) Harmal essence (%)

97.23+1.19 a 0
98.08+1.14 b 5
98.92+1.13 b 10
99.01+1.09 b 15

Values are mean (n = 5) + SD. Different letters in
each represent significant difference at 5% level o
probability among SSPS films.
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Fig 1 Water absorption capacity of SSPS and
nanoSiQ films and effects of harmal essence

onWAC of films in water. Values are means * SE (n

= 5). Different letters are significantly differeat
(P <0.05).
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Table 1 Thickness average of SSPS and
nanoSiQ films incorporated with various
concentration of harmal essence

Harmal essence (%) Thickness (mm)

0 0.11+0.01 a
5 0.11+0.02 a
10 0.12+0.01 a
15 0.13+0.02 a

Values are mean (n = 5) £ SD. Different letters in

each represent significant difference at 5% level o

probability among SSPS films.
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Fig 3 Effect of different percentage of harmal essence
on water vapor permeability of SSPS and nangSiO

films. Values are means + SE (n = 5). Different
letters are significantly different at (P < 0.05).
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Fig 2 Effect of different percentage of harmal essence

on moisture content (%) of SSPS and nang38IMs.

Values are means + SE (n = 5). Different lettees ar

significantly different at (P < 0.05).
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Fig 5 UV-vis absorbtion (a) and transmission spectra

(b) for SSPS bionanocomposite films of the films
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In this research casting method was used to preqmoble soybean polysaccharide (SSPS), based
bio-nanocomposite films with nano SiGand harmal essence as the reinforcing materiate T
composition included 4 g SSPS with 40% (w/w of ltaialid) of a mixture of the sorbitol/glycerol
(weight ratio of 3 to 1 as plasticizer) with nan®Dg (3% wt.) and harmal essence with different
concentrations (5-15% vol). Physical propertiegyriba properties such as water vapour permeability
(WVP) and oxygen permeability (OP), mechanical prtips, UV-visible spectra and antimicrobial
activity of the films were measured. Results showlest by increasing the concentration of harmal
essence, WAC from 1.75 to 1.96 (g/g dry film), Maie uptake from 3.61 to 5.18% and WVP increased
(P<0.05) from 7.03 to 10.31 (g/m.s:28°% and had no effect on the OP.Results of mechanical

properties showed that by increasing the conceatraif harmal essence, Tensile strength and modul
yang were decreased from 20.08 to 16.01 MPa and®B600 MPa, and elongation at break increased
from 19.12 to 23.2%. The films displayed an excgllentimicrobial activity against Escherichia coli
ATCC 25922 and Staphylococcus aureus ATCC 25923 evakuated by shake flask test. The results
indicated that SSPS, based bio-nanocomposite Gbukd be a promising food-packaging material.

Keywords: Bio-nanocomposite films, Harmal essence, Solulbighsan polysaccharide, Nano $iO
Antimicrobial activity
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