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Table 1. Solution samples for electrospinning.

Treatment Mucilage (%) Polyvinyl alcohol (%) Protein Concentrate (%)
A 0.1 4 4
B 0.3 4 4
C 0.5 4 4
D 0.7 4 4
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Table 2. Samples containing encapsulated composite compounds

Treatment Encapsulated with nano composite
Control Polyvinyl alcohol 4% + rice bran protein 4% + 1%
vitamin D3
A Polyvinyl alcohol 4% + rice sauce protein 4% + 1%

vitamin D3 + 0.1% Salvia macrosiphon L. seed
mucilage
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Polyvinyl alcohol 4% + rice sauce protein 4% + 1%
vitamin D3 + 0.3% Salvia macrosiphon L. seed
mucilage

Polyvinyl alcohol 4% + rice sauce protein 4% + 1%
vitamin D3 + 0.5% Salvia macrosiphon L. seed
mucilage

Polyvinyl alcohol 4% + rice sauce protein 4% + 1%
vitamin D3 + 0.7% Salvia macrosiphon L. seed
mucilage
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Table 3. Evaluation evaluation of DPPH radical inhibition in the extracted mucilage of Salvia macrosiphon L.

seed
Concentration Control Salvia macrosiphon L. RSA % IC50
(ng/ml) absorption mucilage (mg/ml)
50 0.52 0.312 40.00 2.34
100 0.52 0.291 44.04 7.73
150 0.52 0.228 56.15 13.12
200 0.52 0.180 65.38 18.51
250 0.52 0.140 73.03 23.90
300 0.52 0.075 85.58 29.29
350 0.52 0.035 93.27 34.68
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Table 4. Examination of the total phenol of extracted Salvia macrosiphon L. mucilage

Factor The amount of

Total phenol 10.24

pg/mi
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Figure 1. Absorption diagram of the calibration of mucilage extracted from Salvia macrosiphon L. seed based
on gallic acid (ug/ml)
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Table 5. Investigating the antimicrobial properties of the mucilage of Salvia macrosiphon L. seed using the
average diameter of the halo of non-growth (disc diffusion).

Factor

The diameter of the aura of lack of

Treatment growth (mm)

Gram positive bacteria Control 23.00+£1.004
Staphylococcus 8.00+0.28

Gram negative bacteria Control 15.00+£0.54
Staphylococcus 3.00+0.28

The results are presented in the form of average standard deviation for each treatment, all experiments were
done in three repetitions. Values with different capital letters are significantly different from each other at the
5% level.
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Figure 1. Morphology of nanofibers produced from extracted mucilage of Salvia macrosiphon L. seeds in
samples containing composite nanofibers (Control: Polyvinyl alcohol 4% + rice bran protein 4% + 1% vitamin
D3, A: Polyvinyl alcohol 4% + rice sauce protein 4% + 1% vitamin D3 + 0.1% Salvia macrosiphon L. seed
mucilage, B: Polyvinyl alcohol 4% + rice sauce protein 4% + 1% vitamin D3 + 0.3% Salvia macrosiphon L.
seed mucilage, C: Polyvinyl alcohol 4% + rice sauce protein 4% + 1% vitamin D3 + 0.5% Salvia macrosiphon
L. seed mucilage, D: Polyvinyl alcohol 4% + rice sauce protein 4% + 1% vitamin D3 + 0.7% Salvia
macrosiphon L. seed mucilage).
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Figure 2. Morphology of nanofibers produced from extracted mucilage of Salvia macrosiphon L. seeds in
samples containing encapsulated composite nanofibers (Control: Polyvinyl alcohol 4% + rice bran protein 4% +
1% vitamin D3, A: Polyvinyl alcohol 4% + rice sauce protein 4% + 1% vitamin D3 + 0.1% Salvia macrosiphon

L. seed mucilage, B: Polyvinyl alcohol 4% + rice sauce protein 4% + 1% vitamin D3 + 0.3% Salvia

macrosiphon L. seed mucilage, C: Polyvinyl alcohol 4% + rice sauce protein 4% + 1% vitamin D3 + 0.5%

Salvia macrosiphon L. seed mucilage, D: Polyvinyl alcohol 4% + rice sauce protein 4% + 1% vitamin D3 +
0.7% Salvia macrosiphon L. seed mucilage).
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Figure 3. FTIR spectroscopy in the range of 400 to 4000 cm™ in the samples containing micro-coated composite
nanofiber compounds. (A: Polyvinyl alcohol 4% + rice sauce protein 4% + 1% vitamin D3 + 0.1% Salvia
macrosiphon L. seed mucilage, B: Polyvinyl alcohol 4% + rice sauce protein 4% + 1% vitamin D3 + 0.3%
Salvia macrosiphon L. seed mucilage, C: Polyvinyl alcohol 4% + rice sauce protein 4% + 1% vitamin D3 +
0.5% Salvia macrosiphon L. seed mucilage, D: Polyvinyl alcohol 4% + rice sauce protein 4% + 1% vitamin D3
+ 0.7% Salvia macrosiphon L. seed mucilage).
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Advancement in the production processes of nanostructures with appropriate
formula characteristics provides the production of stable nanoparticles with
the ability to be used in the food industry. Microencapsulated bioactive
compounds can be integrated into electrospun fibers to achieve greater
stability of nanoparticles against heat and light, which leads to increased
storage time. In the present study, composite nanofiber layers were made
from mucilage extracted from Salvia macrosiphon L. seeds using
electrospinning. The nanocomposite of nanofibers was prepared from
polyvinyl alcohol/rice bran protein isolate/ Salvia macrosiphon L. seed
mucilage in different ratios. Then the morphology and FTIR spectroscopy
were investigated. The average diameter of the produced nanofibers is about
40 nm and the coefficient of variance is 13%, which showed that the diameter
of the fibers is relatively uniform. Increasing the concentration of the
mucilage solution and the constant percentage of polyvinyl alcohol
significantly increased the diameter of the nanofibers. In the next step,
vitamin D3 was encapsulated in polyvinyl alcohol nanofibers and rice bran
protein concentrate. FTIR results confirmed the presence of vitamin D3 in
the prepared nanofibers. At higher concentrations of phenolic compounds,
with the increase in the number of hydroxyl groups of aromatic rings in the
reaction medium, the inhibitory power of mucilage free radicals increased.
The composition of nanofibers in the spectroscopic graphs showed that there
are two strong peaks in the range of 1454 and 1743 CM-1 from vitamin D3
in the nanocomposite and microcoated samples which show the stretching
vibrations related to the C=C group in the aromatic rings of phenolic
compounds. Based on the findings, bioactive compounds to increase access
to vitamin D3 can be enclosed in electrospun nanofibers of Salvia
macrosiphon L. mucilage/polyvinyl alcohol/rice bran protein concentrate.
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