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Figure 1- Extraction process of anthocyanin from dry petals of Malva sylvestris
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Figure 2- FTIR spectrum of the starch/tragacanth films containing different percentages of Malva sylvestris
anthocyanin extract
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Figure 3- XRD spectra of the starch/tragacanth films containing different percentages of Malva sylvestris
anthocyanin extract
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Figure 4- SEM images of the starch/tragacanth film (A) and starch/tragacanth containing 2% Malva sylvestris
anthocyanin extract (B)
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Table 1- Physical properties (moisture contents, water solubility and water vapor permeability) of the
starch/tragacanth films containing different percentages of Malva sylvestris anthocyanin extract*

Treatment Moisture (%) WVP (g/m.s. Pa x 10™) Water Solubility (%)
Control 4.934+0.04P 33.33+3.21A 94.44+4 .88
0.5% extract 6.36+0.14¢ 28.32+5.13A 42.5+6.61A
1% extract 7.95+0.138 26.78+3.494 44,28+5.15
2% extract 13.7+0.13~ 30.22+0.934 48.23+11.09

* Values are given as mean £ SD. Different letters in the same column indicate significantly different (P<0.05).
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Table 2-Mechanical properties (tensile strength and elongation at break) of the starch/tragacanth films
containing different percentages of Malva sylvestris anthocyanin extract*

Treatment Tensile (MPa) Strain (mm/mm)
Control 32+3.7A 2.9+0.28°
0.5% extract 51.27+5.388 1.67+0.19¢
1% extract 39.85+2.794 0.67+0.068
2% extract 36.49+8.107 0.2+0.07A

* Values are given as mean + SD. Different letters in the same column indicate significantly different (P<0.05).
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Figure 5- Visible colors of Malva sylvestris anthocyanin extract and the fabricated starch/tragacanth
indicator of Malva sylvestris anthocyanin extract at the pH 2-12
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Figure 6- Visible colors of the fabricated starch/tragacanth indicator containing different percentages of Malva
sylvestris anthocyanin extract at the different concentrations of ammonia
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Introduction: In recent years, researchers have focused on production of active and smart
packaging due to the increasing interest of consumers in biodegradable packaging Smart films are a
category of biodegradable films that convey visual information to consumers Anthocyanins are a
group of flavonoids that are responsible for the red, blue and purple colors of plants The color of
anthocyanins changes in different pH Malva sylvestris is a violet-petalled plant with a wide range of
antioxidant, anti-inflammatory, anti-carcinogenic, and antimicrobial activities, which is native to
Europe, North Africa, and Southeast Asia (particularly Iran) Numerous studies have been conducted
on the phytochemicals present in this plant, and it has been found to contain substantial quantities of
anthocyanins, flavone, flavonols, naphthoquinone, various monoterpenes, niacin, and folic acid The
use of anthocyanins from different plants in combination with biopolymers has attracted increasing
interest in the food industry The replacement of non-biodegradable fossil-based packaging by
biodegradable materials or from renewable sources can lead to reduced environmental impact One
of these biopolymers is starch Starch is one of the most important polysaccharides, which is used in
the production of biodegradable films due to its good film-forming ability, ease of production,
renewable resources, and low price However, like other natural polymers, it has films with low
mechanical and thermal resistance, especially in conditions of high relative humidity In recent
years, many studies have been conducted to improve the characteristics of films made from natural
polymers One of the ways to strengthen the characteristics of biopolymer films is to combine
natural polymers with each other and form a composite Tragacanth, also known as Tragacanth Gum
in the world, is the most important product of the tragacanth plant Tragacanth Gum has a good
stability against acids Gum tragacanth is usually hydrated in water at a low concentration and forms
a gel at a concentration of 2 to 4% Also, Tragacanth Gum has a long storage life without reducing
viscosity compared to other hydrocolloids In addition to this, past studies have proven that
Tragacanth Gum has the ability to form a film The purpose of this research is to prepare a kind of
smart packaging sensitive to pH based on natural polymers of starch/tragacanth as a solid matrix
and anthocyanins of Malva sylvestris plant as a pH sensitive indicator

Material and methods: First, the anthocyanin in the petals of Malva sylvestris was extracted by
immersion method (ethanol and acid) Then, Smart film based on starch/tragacanth containing
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Malva sylvestris extract was produced by casting method Finally, The effect of addition of Malva
sylvestris extract on the structural (FT-IR, XRD, SEM), physical (moisture, water solubility, WVP),
mechanical (TS and elongation at break) properties, color, sensitivity to pH and ammonia of
starch/tragacanth films were investigated

Results and discussion: Results showed that the moisture content and water solubility were
significantly lower in the films containing anthocyanins than control starch/tragacanth film WVP of
films were decreased with increasing the anthocyanins concentration The TS of films were
decreased with addition of anthocyanins and lowest TS were observed in the films containing 2%
anthocyanins The extracted anthocyanins were sensitive to the pH changes and lower 5 s the color
change was observed The color of films were pink, purple and green at acidic, neutral and alkaline,
respectively Furthermore, the films containing 05 and 1% anthocyanin extract were sensitive to the
08 and 14 M ammonia and after 20 min the color change were observed

Conclusion: This result showed that smart films containing Malva sylvestris anthocyanins extract
has the potential to be used as films indicating freshness/corruption
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