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Klebsiella pneumonia,
Escherichia coli,
Staphylococcus aureus
Salmonella enteritidis

100 mg/mL 3.8
log units

Enterococcus faecium,
Staphylococcus
saprophyticus,
Staphylococcus aureus,
Escherichia coli,
Pseudomonas aeruginosa,
Klebsiella pneumoniae

8.0-256.0 pg/mL

Gram-positive and Gram-
negative bacteria

Photosensitizing
effect

Escherichia coli,
Pseudomonas aeruginosa,
Bacillus subtilis,
Staphylococcus aureus,
Chromobacterium
violaceum Erwinia
carotovora

0.25-2.0% (v/v)

Staphylococcus aureus,
Streptococcus mutans,

Escherichia coli, 0.4-1.3 mM
Pseudomonas aeruginosa,

Klebsiella pneumoniae

Vibrio species 10 pg/mL 10
Staphylococcus aureus pg/mL

Abdulhadi et al. (2020)
Hayashi et al. (2012)

Mitra et al. (2021)

S. typhi K.pneumoniae
Candida albicans Candida
krusei

Gram-positive and Gram-
negative bacteria, Fungi

100 pg/mL 12.5—
50.0 pg/mL

25.0-128.0 pg/mL
10.0-50.0 pg/mL

Hepatitis B 40 pg/mL Pang et al. (2010)
L8fETED Do 10 pg/mL  Pennisi et al. (2023)
virus 1
Bertoloni et al. (1992),
SARS-CoV-2 > 65 nM Jimenez-Aleman et al.
(2021)
Ulusoy et al., 2009
Herpes s1rr21p1ex 300 ug/mL  Freitas da Silva et al.
Vvirus (2023) Alqurashi et al.
(2022) Jamhour et al.
SARS-CoV-2 0 (2022)
Herpes simplex Ravi et al. (2020)
rpvims 2p 27pg/mL  Toujani et al. (2018),
Alqurashi et al. (2022)
Herpes simplex . Hlf:rpeg Petrera et al., 2014
virus 2 SIMPIEX VITUS v iquf et al. (2018)
2 Jamhour et al. (2022)
SARS-CoV-2 36.45 ng/mL | Djouonzo et al. (2023)
Influenza virus 10-20 pg/mL
Rhinovirus 10-50 uM
Respiratory 30 mg/kg Abedini et al. (2021)
syncytial virus body weight
Coronavirus 62.5 uM
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Abstract

Rapid population growth and economic pressures have intensified demands on natural resources, highlighting
the importance of sustainable development and optimal management of natural and human resources.
Agricultural waste, particularly pistachio shells, represents a significant environmental and economic
challenge, especially in Iran, a major global producer of pistachios. Mismanagement of this abundant waste
not only leads to severe environmental issues like soil and water contamination but also results in the loss of
potentially valuable resources. Pistachio shells contain significant amounts of bioactive compounds, including
polyphenols, flavonoids, and antioxidants, known for their anti-inflammatory, antibacterial, and antioxidant
properties. Global experiences, such as the successful use of fruit waste in India and China, highlight the
potential of agricultural byproducts as sustainable economic resources. However, despite laboratory studies
confirming the biological potential of pistachio shells, extensive industrial application remains limited in Iran.
This review comprehensively examines past studies focusing on the extraction methods of bioactive
compounds from pistachio shells, emphasizing innovative technologies like supercritical fluid extraction,
microwave-assisted extraction, and nanotechnology-based processes. Additionally, it proposes the novel idea
of utilizing nanotechnology to develop organic and eco-friendly cosmetic products from pistachio waste. By
leveraging these modern techniques, the initiative aims not only to mitigate environmental pollution but also
to introduce sustainable, profitable, and internationally competitive cosmetic products. Ultimately, this
approach presents an opportunity to enhance environmental sustainability and foster economic growth,
demonstrating the high potential of agricultural waste in the circular economy model.
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