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Table 1 The fabricated LWP-based film samples.

Film samples

Lemon waste powder

Citric acid Ultrasound treatment

(Yow/w) concentration (Yow/v) (40KHZ, 20min)
LWP1%/CA0%/Ultrasound 1 0 +
LWP1%/CA0% 1 0 -
LWP1%/CA1%/Ultrasound 1 1 +
LWP1%/CA1% 1 1 -
LWP3%/CA0%/Ultrasound 3 0 +
LWP3%/CA0% 3 0 -
LWP3%/CA1%/Ultrasound 3 1 +
LWP3%/CA1% 3 1 -
LWP5%/CA0%/Ultrasound 5 0 +
LWP5%/CA0% 5 0 -
LWP5%/CA1%/Ultrasound 5 1 +
LWP5%/CA1% 5 1 -

LWP: Lemon Waste Powder; CA: Citric Acid
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Fig 1 Thickness of LWP-based film samples
(Different letters show significant differences at the
5% level in Duncan’s test (p < 0.05). LWP: Lemon

Waste Powder; CA: Citric Acid).
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Fig 2 WVP of LWP-based film samples (Different
letters show significant differences at the
5% level in Duncan’s test (p < 0.05). LWP: Lemon
Waste Powder; CA: Citric Acid).
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Fig 3 Solubility of LWP-based film samples
(Different letters show significant differences at the
5% level in Duncan’s test (p < 0.05). LWP: Lemon

Waste Powder; CA: Citric Acid).
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Fig 4 Mechanical characteristics of LWP-based film samples (a: Tensile Strength b: Elongation at the break;
Different letters show significant differences at the 5% level in Duncan’s test (p < 0.05). LWP: Lemon Waste
Powder; CA: Citric Acid).
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Table 2 Transparency and color properties of lemon waste based film samples

Sample L* a* b* AE Transparency(%)
LWP1%/CA0%/Ultrasound 78.98+0.36° -1.23£0.33°  17.15+0.36% 23.48+0.19% 73.77+0.91°
LWP1%/CA0% 80.04+1.34% -0.82+0.57® 16.78+0.10" 22.60+0.02" 74.16+0.73%
LWP1%/CA1%/Ultrasound ~ 78.11+0.83% -2.18+0.21°  18.07+0.44° 24.8240.64' 70.12+0.56°
LWP1%/CA1% 78.63+0.45% -1.82+0.34°  17.50+0.42% 24.0340.19 70.88+0.66°
LWP3%/CA0%/Ultrasound 77.57+0.19¢ -3.61+0.10¢  19.84+0.55° 26.86+0.418 55.16+0.93¢
LWP3%/CA0% 77.80+0.17% -3.2740.23%  19.29+0.63¢ 26.21+0.51" 55.52+0.41¢
LWP3%/CA1%/Ultrasound 76.35+0.61° -4.33+0.08°  21.09+0.35¢ 28.66+0.02° 48.90+0.97¢
LWP3%/CA1% 76.63+0.45¢ -4.07£0.09°  20.77+0.18" 28.1940.17° 49.76+0.83¢
LWP5%/CA0%/Ultrasound 73.90+0.28¢ -5.83+0.44"  24.73+0.27" 33.2540.07° 41.82+0.69°
LWP5%/CA0% 74.75+0.32" -5.5040.16"7  24.10+0.39° 32.2440.21¢ 42.24+0.47°
LWP5%/CA1%/Ultrasound 72.79+0.23" -7.36+0.15"  26.17+0.38" 35.37+0.24° 36.67+0.72"
LWP5%/CA1% 73.18+0.90¢ -6.89+0.218  25.37+0.33° 34.40+0.43° 37.73+0.28"

Data are expressed as mean + standard deviation (n=3), and different letters show significant differences at the

5% level in Duncan’s test (p < 0.05). LWP: Lemon Waste Powder; CA: Citric Acid.
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The lemon juicing waste encompasses valuable bio-components that
stimulated the development of novel and biodegradable films. This study
aimed to investigate the feasibility of producing biodegradable films from
lemon waste powder (LWP) (1, 3, and 5%) and subsequently evaluate the
effect of ultrasonic and citric acid solution on mechanical and physical
properties (thickness, solubility, water vapor permeability (WVP), color
changes, and transparency) of LWP-based film samples. According to the
results, elevating the LWP concentration from 1 to 5% had led to an
increase in the tensile strength, thickness and color changes remarkably and
decreases the solubility, water vapor permeability, and transparency of the
film samples. However, utilizing 5% LWP had resulted in a reduction of
clongation at the break value of the film samples compared to the prepared
films from 3% LWP. The results also revealed a significant effect of
utilizing ultrasonic and citric acid in improving the mechanical and
physical properties of the film samples. Therefore, utilizing ultrasound and
citric acid in the production of biodegradable LWP-based films could
improve the functional characteristics of films. In conclusion, the sample
prepared from 3% LWP and treated by ultrasound and prepared with 1%
citric acid was selected as an optimum film sample with a desirable
physical, mechanical and barrier properties.
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