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Fig 1 Examples of produced films (A) and film color factor measurement system (B)
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Table 1 A List of films prepared based on the central composite design

Film

A: WO; (mg)

B: Norbixin (ml)

0.00
50.00
100.00
50.00

0.00
50.00
100.00

0.00
50.00
50.00
100.00
50.00
50.00
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i yegl~V-IE-CREN - N0 IOV SN

o
w

2.50
2.50
5.00
0.00
5.00
2.50
2.50
0.00
2.50
2.50
0.00
2.50
5.00
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Table 1 B List of tests performed for crystalline, thermal and antimicrobial properties

Film A: WO3 (mg) B: Norbixin (ml)
*Control (Pure Muc/Al) 0 0
Muc/AVWO 100 0
Muc/AI/NB 0 5
Muc/AVWO/NB 100 5

* Muc: Mucilage; Al: Alginate; WO: WOj3; NB:Norbixin
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Fig 3 XRD spectra of flax seed mucilage film/sodium
alginate and its various composites

Sl Pl s YT
ol sl CoiselS Sy 5T 5 50 (..LgéTGA et S
A Ceed jasilie by s 1 e jhailas s e 0L

iL;-JAJJJJ Les wbﬁ‘j‘ BE Q)j L;AlSeJ.j: Lf"’)f{"l?ai



VEoY C,.:..h.))lc\“'a)jé‘\ro e)Lo.:a dlﬂ_‘&‘.)&@u}€_jlﬁw
N Muc/Al \M“d AUNE
L0z -10%
70-130  o¢ ‘
820
-88% S _ss%|
=
o =
=
s = gl
~ Muc/AIVWO Muc/AUWO/NB
S— -
< | 1% ] ey e
| e | % ~NE
o0 ~
© p—
D
= _79%,
-87%
T T — — — — T T T r r T
100 200 300 400 500 600 100 200 300 400 00 600

Temperature (°C)

‘T'emperature (°C)

Fig 4 TGA curve of mucilage/alginate film and its composites
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Table 2 Antibacterial properties of mucilage/alginate film and its composites

Diameter of non-growth area

(mm) B: Norbixin A: WO; Film
E. coli S. aureus (ml) (mg)

a a Control (Pure
12403 18+0.65 0 0 Muc/Al)
2340.4° 2840.8° 0 100 Muc/Al/WO
1740.4° 2240.3° 5 0 Muc/Al/NB
25+0.7¢ 32+0.7¢ 5 100 Muc/Al/WO/NB

* In each column, the non-identical letter indicates the significance of the differences at the 95% probability level.
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In this research, flax seed mucilage was extracted. Composite film of sodium alginate
and flax seed mucilage was prepared. Norbixin pigment and tungsten oxide (WO3)
nanoparticles were used to modify the film structure. The color, crystallite, thermal
and mechanical properties of the films were investigated. Also, the antibacterial
properties of the prepared films against Escherichia coli and Staphylococcus aureus
bacteria were investigated. The obtained results showed that the pure
alginate/mucilage film does not have very high transparency, which is reduced by
adding tungsten oxide nanoparticles and norbixin pigment. The effect of tungsten
oxide nanoparticles in reducing film transparency has been greater than that of
norbixin. Examining the factor a shows that this factor has increased with the
increase of norbixin and tungsten oxide nanoparticles. Examining factor b (blue-
yellow) shows that with the increase of norbixin and tungsten oxide nanoparticles,
this factor has increased. By examining the XRD spectrum of the pure
alginate/mucilage film, it was found that this film showed two broad peaks at 26 of
10° and 20°, which indicates the relatively amorphous structure of this film. In the
alginate/mucilage film modified with tungsten oxide nanoparticles, the peaks related
to the crystalline nanoparticles in 20 of approximately 25, 30, 35, 40, 50, 55 and 65
degrees are quite clear, which shows that these nanoparticles improve the crystalline
structure of the film. By examining the TGA curves of the films, it was found that the
addition of tungsten oxide nanoparticles and norbixin pigment increased the thermal
stability of the film. Examining the antibacterial property of the films showed that the
addition of tungsten oxide nanoparticles and norbixin pigment increased the
antibacterial property of the film significantly (p<0.05).
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