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Introduction

Bio-based and biodegradable plastics have been proposed as potential alternative to conventional plastics.
Environmentally degradable polymers and plastics standards are a means of verifying and certifying a product or
group of products on a uniform scientific basis, which brings consistency, accountability and reliability to the
results and, consequently, to the products. They provide a basis for developing a test plan including essential
requirements, specifications and distinct acceptance levels for subsequent certification and labeling. In active
packaging, antimicrobial and antioxidant factors are placed in food packaging to enhance product safety, and shelf
life, preserving quality, and prohibiting microbial growth. The migration and dispersion of effective factors from
the packaging to the inner environment prevents undesirable physicochemical and microbial reactions. Walnut or
Juglans regia is a highly valuable and broad-leaved tree of the Fagales family. There are about 20 species of
walnut, all of which are native to the temperate region. The green husk of walnuts is considered an agricultural
waste and by-product and is often discarded, causing environmental pollution. Therefore, optimal use of walnut
waste development of applications of products with high added values are essential. Walnut green husk, as a by-
product, highlights the position of walnut production as a rich source of antioxidant compounds, with biological
effect and is widely used in the chemical, biotechnology, and food due to its low cost and good compatibility.
Extracts are often used as additives, bioactive compounds, and natural preservatives in active food packaging
Walnut green husk extract (EX) be able to be used as an active ingredient in food packaging. EX can also acts as
a plasticizer and binder between film matrix components and improve mechanical and physical properties with
suitable biological properties of films and ultimately will be able to prevent oxidation of food products. The most
common component of polyethylene is low-density polyethylene (LDPE). LDPE is a thermoplastic and
completely crystalline. Due to the crystallinity and hydrophobicity of the main chain, it is resistant to degradation.
To address environmental problems and atmospheric pollution, researchers are focusing on natural polymers or
combination of natural and synthetic fossile-based polymers, while seeking sustainable development methods.
Starch is one of the most abundant biopolymers and readily available source of carbohydrates. Native starch is
inexpensive, non-toxic, and environmentally friendly, but drawbacks such as not exhibiting good processing and
mechanical properties due to its brittleness and high hydrophilicity. The breakdown of starch granules occurs under
a process called gelatinization through thermodynamic processing (such as extrusion) and high temperature using
plasticizers and becomes thermoplastic starch (TPS). To enhance the properties of TPS and reduce the
environmental impact of LDPE, it is essential to blend TPS with LDPE, which serves as a hygroscopic material.
This study aimed to explore the attributes of Walnut green husk extract and its application in the development of
LDPE/TPS films and investigate the effect of tartaric acid (TA) (1.5 and 3%) EX (4%) on the mechanical, Field-
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emission scanning electron microscopy (FESEM) and biodegradable properties of LDPE/TPS composite films.

Materials and Methods

The Ex properties (total phenolic compounds, antioxidant activity, antibacterial activity) and its application in
TPS/LDPE films were determined.Then, starch and low-density polyethylene (LDPE) were dried in an oven at
120°C for 8 hours. To obtain thermoplastic starch (TPS), the starch powder was manually mixed with glycerol (75
and 25% wi/w, respectively) for 30 minutes at room temperature. Then, the TPS, LDPE, EX (1, 2,3, and 4%) and
tartaric acid (TA) were mixed using a twin-screw extruder. The extruder temperature was set at 140°C and the
extruder speed was 100 rpm. At the end of the process, the produced filaments were exposed to air and dried while
moving on a conveyor belt. They were then crushed into granules and finally stored in polyethylene bags. The
obtained mixtures (granules) were prepared into films using a hot press (temperature 160°C, pressure 25 MPa,
time 3 minutes). The sample with a ratio of 65:35 (LDPE: TPS) was considered as the control sample. Also, in this
study, a sample of plant-based container collected from local market with brand A was considered as one variables
for comparison with the produced films in terms of biodegradability.

Result and Discussion

The EX showed an antioxidant activity about 24.66, pg/mL measured by 2, 2-diphenyl-1-picrylhydrazyl
(DPPHS), assays. The total phenol content of the EX was 174.66 m/g. The MIC value was determined in the range
of 10-32 mg/ml, the MBC value was 20 mg/ml, and the halo of inhibition was determined in 2-7 mm. The films
containing 4% WGHE showed the highest inhibition zone (8.33mm). LDPE/TPS films containing TA and EX
were successfully prepared by extrusion method. The mechanical properties of the composite films improved with
the addition of TA and EX due to the cross-linking effect. FESEM images confirmed a smooth and homogeneous
surface with the combination of TA and EX, indicating good compatibility between the polymer components. All
samples were biodegraded within two months. In the LDPE/TPS sample, the percentage of biodegradation was
10.98 + 0.01. By adding TA from 1.5 to 3%, the percentage of biodegradation increased significantly from 18.09
+ 0.03 to 25.24 + 0.04. Addition EX (4%) and TA (4%), the percentage of biodegradation was 21.174+0.01. The
presence of TPS, TPS-TA, or TPS-TA-EX in the polymer increased the molecular weight reduction. On the other
hand, the plant-based container sample had the lowest degradation rate (5.14 + 0.01) among the other samples.
And no changes were observed in the samples in terms of appearance over two months. The weight loss of starch
in LDPE composites may be responsible for this biodegradability, with increasing TA content, the molecular
weight loss increases due to its higher (positive hydrogen) content. Therefore, it can be concluded that the
LDPE/TPS mixture containing TA showed better biodegradability than the control sample and the plant-based
container.

Conclusion

The aqueous-ethanolic extracts of Ex exhibited antimicrobial and antioxidant (DPPH?-) attributes. LDPE/TPS
films containing (Ex 4%) demonstrated antimicrobial activity. With addition TA (1.5, 3%) and EX (4%) to
LDPE/TPS, mechanical, microstructure, and biodegradability properties of the films were improved. In the present
study, samples of biodegradable composite films were produced and the biodegradability of these samples was
compared with samples of plant-based container produced domestically (Brand A). The results showed that the
containers supplied in the local market as plant-based containers outperform the claimed biodegradeability. This
result highlights the need to re-examine the production of local plant-based containers in terms of biodegradability
and safety.
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Table 1- Composition (W/W %) and codes of mixtures prepared from low-density polyethylene, thermoplastic starch,
tartaric acid, and wolnut green husk extract
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LDPE: Low density poly ethylene
TPS: Thermoplastic starch
EX: Wolnut green husk extrat
TA: Tartaric acid
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2- Elongation at Break 1- Tensile Strength
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Table 3- Antimicrobial effects of films containing different wolnut green husk concentrations against E. coli
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Small letters in each pillar display significant differences among instances (p < 0.05), and data are means + SD
LDPE: Low density poly ethylene
TPS: Thermoplastic starch
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SEM HV: 5.0 kV WD: 5.67 mm
View field: 27.7 ym Det: InBeam
SEM MAG: 5.00 kx | Date(m/dly): 02/20/24
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Fig. 1. FESEM micrographs for LDPE/TPS composites: (a) LDPE/TPS, (b) LDPE/TPS /TA 1.5%, (c) LDPE/TPS/ TA3%, (d)
LDPE/TPS/ TA3%/EX4%
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Table 5- Specifications of Brand A vegetable containers purchased from the marke
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Table 6- Weight of cut samples (2x2 cm) for biodegradability testing
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Table 7- Biodegradability determined for low-density polyethylene films, thermoplastic starch, tartaric acid (1.5 and 3%),
walnut green husk extract (4%) and a sample of Brand A plant container purchased from the market
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Small letters in each pillar display significant differences among instances (p < 0.05), and data are means + SD
LDPE: Low density poly ethylene
TPS: Thermoplastic starch
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Fig. 2. Images of low-density polyethylene/thermoplastic starch composite films before and after 2 months of degradation. (a)
Sample of brand A plant container purchased from the market, (b) thermoplastic starch/polyethylene, (c) thermoplastic

starch/polyethylene /1.5% tartaric acid, (d) thermoplastic starch/polyethylene /3% tartaric acid,(d) thermoplastic
starch/polyethylene/3% tartaric acid/4%walnut green husk extract
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