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Introduction

The use of agricultural waste to produce biodegradable containers is an appropriate option to solve the
problem of biomass accumulation resulting from the cultivation of crops such as rice. The highest amount of
agricultural waste compared to the area under cultivation is related to wheat straw and rice straw, respectively.
After wheat, rice is the most important agricultural product in human nutrition. According to the World Food
Organization, the area under rice cultivation in the world is about 150 million hectares. The use of rice straw as a
raw material for disposable cellulosic dishes can prevent straw residues in paddy fields, improve the deficiency
of cellulosic raw materials, and reduce the use of plastic containers and the dangers thereof. Rice straw is a
significant source for making cellulosic containers, but after making containers, hydrophobicity and microbial
hazards can be among the problems of making these types of containers. The coating technique is one of the best
solutions for resolving hydrophobicity and microbial problems. Coverage is very important and necessary to
increase the shelf life of agricultural products and maintain their quality. Waxes are the best preventative
methods against moisture and water vapor loss, and beeswax is one of the best edible waxes with these
properties. The antibacterial properties of coatings with natural antioxidants will help solve the cellulose
containers' problem. The main objectives of this study were to evaluate the endurance, hydrophobicity and
antimicrobial activity of rice straw degradable cellulosic dishes.

Materials and Methods

In order to obtain the raw material for the manufacture of cellulosic dishes, the straw was digested with 10%
and 20% sodium hydroxide, and then to weigh the hydrophobicity tests, tensile strength index and brightness,
120 Gr paper was made. Concentrations of 1, 2, 5 and 10% of the wax solution in ethanol solution were prepared
and used as the first coating to improve the hydrophobicity. The nettle extract encapsulated with royal seed gum
as the second coating to improve the antibacterial activity. Hydrophobicity and antimicrobial properties of the
samples were measured and compared. The cup mold specimen was made of 2-piece steel and made using
appropriate rice straw paste and coating with the appropriate concentration of the sample in disposable cellulose.

Results and Discussion

The results showed that increasing the amount of sodium hydroxide in baking conditions increased the tensile
strength and the degree of clarity, but it had no effect on hydrophobicity. As the concentration of baking soda
(sodium hydroxide) increases, so does the brightness. Increasing the concentration of sodium hydroxide
increases the tensile strength, and the increase in tensile strength due to the increase in the percentage of sodium
hydroxide can be due to the increase in the ability to form bonds between fibers due to the release of lignin.
Honey wax with a 5% concentration was the most optimal coating for hydrophobic cellulose containers. With
increasing wax concentrations in ethanol solvents from 1 to 10 percent, water absorption by the paper made from
rice straw has decreased by approximately 93 percent. Adding royal seed gum and nettle extract has a positive
effect on the diameter of the halo and has antimicrobial properties. Honey wax with 5% and 10% concentration
with nano-encapsulated nettle extract with royal seed gum was selected as the most suitable coating to improve
antibacterial activity.
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Conclusion

Due to the characteristics of rice straw and the experiments shown, rice straw can be considered as a suitable
alternative to oil resources in the production and usage of disposable tableware. Rice straw has the potential to be
used as a cellulose source for the production of disposable containers, and honey wax with a 5% concentration
and nano-encapsulated nettle extract can improve the hydrophobic and antimicrobial properties as the airtight
coating of the dishes.
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Table 2- Means of square and Std. Deviation of coating concentration on the water absorption and diameter halo in
coating by honey wax and royal gum-nettle extract
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Fig.4. The average water absorption of honey-coated paper in milliliter
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Table 3- Means of square and Std deviation of coating
type on the diameter of halo
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Fig.5. The effect of gingerbread coating and nettle extract on the average diameter of halo formed in mm
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Fig.6. Comparison of Nano-capsulated nettle extract cover with royal seed gum on average halo diameter
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