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Objective: Ultraviolet (UV) radiation, a component of the solar electromagnetic spectrum, functions 
both as an environmental stressor and a biological stimulus. Medicinal plants exposed to UV 
particularly UV-B and UV-C wavelengths often show enhanced synthesis of secondary metabolites, 
including flavonoids, phenolic compounds, alkaloids, and terpenoids. These metabolites are well 

recognized for their antioxidant, anti-inflammatory, anticancer, and antibacterial properties. This 
review aims to examine the effects of different UV wavelengths and doses on the chemical 
composition and therapeutic potential of medicinal plants. 

Methodology: A comprehensive literature survey from 2000 to 2025 was conducted, covering diverse 

plant species and genotypes exposed to UVA, UVB, or UVC radiation, alone or in combination with 
environmental factors such as drought stress or hormonal treatments. Key parameters analyzed 
included growth characteristics, photosynthetic activity, phenolic and antioxidant content, and alkaloid 
production. 

Results: Controlled UV exposure was found to significantly enhance secondary metabolite 
accumulation, increase antioxidant activity, and improve the pharmacological properties of medicinal 
plants. In contrast, excessive UV exposure could impair growth and induce cellular damage. The 
combination of UV with hormonal treatments or salicylic acid frequently upregulated gene expression 
in metabolic pathways associated with bioactive compound synthesis. The intensity, duration, and 
wavelength of UV radiation were critical determinants of chemical composition and biological 
activity. 

Conclusion: Appropriately timed and dosed UV radiation represents a promising strategy to augment 
secondary metabolite production and enhance the therapeutic value of medicinal plants. These findings 
have important implications for optimizing cultivation practices and developing effective plant-based 
pharmaceuticals. 
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Introduction 
Ultraviolet (UV) radiation, a component of the solar 

electromagnetic spectrum with wavelengths ranging 

from 100 to 400 nm, is conventionally divided into 

three regions: UVA, UVB, and UVC [1]. UV 

radiation is recognized both as an environmental 

stressor and as a biological stimulus [2]. In response 

to UV exposure particularly UVB medicinal plants 

often enhance the production of secondary 

metabolites, including flavonoids, phenolic 

compounds, alkaloids, and terpenoids [3]. These 

bioactive compounds are of considerable therapeutic 

importance due to their antioxidant, anti-

inflammatory, anticancer, and antibacterial properties 

[3]. However, UV radiation is a double-edged sword: 

excessive exposure can damage DNA, proteins, and 

cellular membranes, whereas controlled and 

moderate exposure not only avoids harmful effects 

but can also improve the quality and therapeutic 

efficacy of medicinal plants [4]. Medicinal plants 

represent valuable sources of bioactive compounds 

with proven therapeutic effects [4,5]. Yet, the 

concentration and quality of these metabolites are 

highly influenced by environmental factors, with UV 

radiation playing a particularly prominent role [4,5]. 

In recent years, there has been growing interest in 

elucidating how UV exposure modulates secondary 

metabolite pathways. Such knowledge is pivotal for 

optimizing medicinal plant cultivation and 

developing innovative strategies to enhance their 

pharmacological potential [4,5]. The present study 

aims to review the effects of different UV 

wavelengths and doses on the chemical composition 

and therapeutic value of medicinal plants. 

 

 

Methodology 

A comprehensive literature survey was conducted, 

covering publications from 2000 to 2025. The studies 

included diverse plant species and genotypes exposed 

to UVA, UVB, and UVC, either alone or in 

combination with environmental stressors or 

hormonal treatments. Key parameters analyzed were 

plant growth, photosynthetic activity, and levels of 

phenolic compounds, flavonoids, and alkaloids. The 

collected data were synthesized to evaluate the 

overall impact of UV radiation on secondary 

metabolite accumulation and the therapeutic potential 

of medicinal plants. Databases used for article 

searching included PubMed, Scopus, Web of 

Science, ISC, SID, and Google Scholar. 

 

 

Results 

Evidence from multiple studies indicates that 

controlled UV exposure can significantly enhance the 

production of secondary metabolites and improve 

antioxidant and therapeutic activities in medicinal 

plants. In species such as basil, tomato, mallow, 

artichoke, purslane, thyme, and Catharanthus roseus, 

UV treatment was associated with increased levels of 

flavonoids, phenolics, anthocyanins, and alkaloids. 

Conversely, excessive exposure or short-term 

irradiation in some species negatively affected early 

growth and photosynthetic performance. 

Furthermore, the combination of UV with 

environmental factors or hormonal treatments 

positively influenced gene expression and secondary 

metabolite production, highlighting the potential of 

UV as a strategic tool to enhance the 

pharmacological value of medicinal plants. Detailed 

information on these findings is summarized in Table 

1. 
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Table 1: Effects of UV Radiation and Environmental Stresses on Growth, Photosynthetic Compounds, and Secondary Metabolites in Medicinal and Beneficial 

Plants 
 

Year Plant / Cultivar Type of UV / Stress Effect on Photosynthetic 

Compounds 

Effect on Phenolic and 

Antioxidant Compounds 

Key Findings Ref. 

2000 Basil UV at flowering stage, in vitro – Enhanced antimicrobial 

activity of essential oils 

UV exposure significantly boosted 

antimicrobial activity of volatile oils 

[6] 

2001 Mentha arvensis 

L. var. 

piperascens 

UV, 8 and 20 W treatments – Piperitenone decreased, 

Piperitenone oxide increased 

UV altered the chemical composition 

of essential oils, affecting bioactive 

compound balance 

[7] 

2006 Hyoscyamus UV-B and UV-C Reducing sugars in roots 

and leaves 

Flavonoids and anthocyanins 

increased by 35–50% 

UV induced a shift from primary to 

secondary metabolite accumulation 

[8] 

2010 Tomato UV-B, 2 and 4 h treatments – Increased antioxidant 

compounds; phenylalanine 

ammonia-lyase (PAL) and 

protein activity varied 

UV-B enhanced antioxidant content in 

ripe fruits, potentially improving 

nutritional quality 

[9] 

2013 Mallow UV-B and UV-C – Apigenin and delphinidin 

increased; lipid peroxidation 

increased 

UV effects on flavonoids and 

anthocyanins were variable at cellular 

level, indicating stress-specific 

responses 

[10] 

2014 Lemon balm UV-B and UV-C Reduced fresh and dry 

weight, decreased stem 

elongation 

Increased antioxidant enzyme 

activity and PAL activity 

Salicylic acid treatment mitigated UV-

induced growth inhibition and 

oxidative stress 

[11] 

2016 Artichoke / 

multiple 

genotypes 

UV-A, 4 h/day Reduced chlorophyll a, b, 

and total chlorophyll 

Total phenolics, flavonoids, 

and antioxidant capacity 

increased 

UV-A exposure enhanced phenolic and 

antioxidant compounds despite reduced 

photosynthetic pigments 

[12] 

2017 Satureja montana 

/ Plant calli 

UV – Flavonoids decreased, 

phenolics increased 

UV effectively stimulated secondary 

metabolite and antioxidant production 

in undifferentiated tissues 

[13] 
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2018 Wheat / Mihan & 

Pishgam 

UV + drought stress – Flavonoids increased in Mihan 

but decreased in Pishgam; 

anthocyanins increased 

Combined UV and drought induced 

oxidative stress and modulated enzyme 

activity differently across cultivars 

[14] 

2019 Satureja montana UV-A and UV-C Photosynthetic pigments 

decreased over time; 

carotenoids +42% 

Total flavonoids increased 

~50% 

UV enhanced artemisinin and essential 

oil compounds despite partial 

photosynthetic pigment loss 

[15] 

2020 St. John’s Wort Natural UV, 2110 m altitude – Increased phenolics and 

flavonoids 

Natural high-altitude UV exposure 

improved accumulation of beneficial 

biochemical compounds 

[16] 

2020 Purslane UV-B, UV-A, UV-C (60 min) – Increased productivity and 

antioxidant activity 

Controlled UV application is a viable 

strategy to enhance purslane yield and 

bioactive content 

[17] 

2021 Hyoscyamus 

niger / root hair 

UV-B Reduced root hair weight Increased atropine content and 

antioxidant enzyme activity 

UV-B was most effective in stimulating 

alkaloid production in root hairs 

[18] 

2022 Geranium High-intensity UV-B Reduced chlorophyll a & 

b; carotenoids increased 

Total phenolics, flavonoids, 

anthocyanins, and antioxidant 

activity increased 

High UV-B intensity selectively 

boosted antioxidant compound 

accumulation 

[19] 

2022 Thyme UV + Hormone – Metabolites increased after 24 

h; decreased after sucrose 

activation 

Synergistic hormone-UV signaling 

initially enhanced metabolite 

production 

[20] 

2022 Purslane UV-C, various doses Reduced chlorophyll a, b, 

and carotenoids vs. control 

Increased phenolics, 

flavonoids, antioxidants 

Controlled UV-C effectively enhanced 

productivity and secondary metabolites 

[21] 

2022 Thyme UV-B + Salicylic acid – Upregulated DXR, GTS, 

CYP178, CYP180 gene 

expression 

Combined UV-B and salicylic acid 

treatment maximized gene expression 

and metabolite accumulation 

[22] 

2023 Soybean UV-B and UV-C, 1–4 h (~9000 

J m⁻²) 

Reduced shoot length and 

dry weight; root length 

reduced 

– Short-term UV exposure reduced 

germination and early seedling growth, 

negatively affecting plant establishment 

[23] 

 [
 D

O
I:

 1
0.

61
88

2/
pb

p.
8.

1.
14

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 p

bp
.m

ed
ila

m
.a

c.
ir

 o
n 

20
25

-1
2-

08
 ]

 

                             4 / 10

https://pbp.medilam.ac.ir/search.php?sid=1&slc_lang=en&author=Khosravi
http://dx.doi.org/10.61882/pbp.8.1.14
https://pbp.medilam.ac.ir/article-1-347-en.html


 

4 | Plant Biotechnology Persa Volume 8, Issue 1, 2026 

A Concise Review on Ultraviolet Radiation and Its Potential to Enhance the Pharmacological… 

 

 2024 Catharanthus 

roseus (‘Sunstorm 

Apricot’, ‘Cora-

Red’, ‘Cora-XDR 

Polka Dot’) 

UV-A (365 nm) & UV-C (250 

nm), 10.8 kJ m⁻²/day in last 5 

of 35 days 

UV-C: total dry mass 

−59%, leaf area −75%, 

photosynthesis rate −80%; 

UV-A growth near control 

UV-C increased anticancer 

alkaloids up to 125% 

UV-C strongly reduced biomass but 

enhanced alkaloid production; UV-A 

had minor growth effects 

[24] 

2025 Pepper (Çermik, 

Kandil, Üçburun) 

Gamma rays (0–500 Gy) & UV 

(0.5–1 m, 1–2 h) 

Reduced root collar 

diameter, root length, fresh 

and dry weight, leaf color 

(L, a, b) 

Changes in protein and proline 

content 

UV and gamma treatments reduced 

early growth; UV had stronger effect 

on genetic variability; 200–300 Gy and 

0.5 m UV most effective 

[25] 
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 Discussion 

A review of the literature indicates that controlled 

UV exposure plays a crucial role in modulating 

secondary metabolite production in medicinal plants. 

These effects are influenced not only by the 

wavelength and intensity of UV but also by the 

duration of exposure and species-specific responses 

[26]. In certain species, UV-B and UV-C irradiation 

significantly increased flavonoids, phenolics, 

anthocyanins, and alkaloids, accompanied by 

enhanced antioxidant activity and overall therapeutic 

potential [27]. These findings suggest that plants can 

actively regulate their defense mechanisms in 

response to UV, producing bioactive metabolites that 

act as natural protective agents against environmental 

stressors [28]. However, excessive or prolonged UV 

exposure can have detrimental effects, such as 

reduced growth, chlorophyll content, and dry 

biomass in some species [29]. Therefore, careful 

management of UV parameters—including 

wavelength, intensity, and duration—is essential to 

maximize benefits while minimizing negative 

impacts [30]. Moreover, combining UV treatment 

with hormonal applications or salicylic acid 

positively influenced gene expression in secondary 

metabolite pathways, indicating that interactions 

between external and internal signaling can optimize 

the pharmacological potential of medicinal plants 

[31]. Controlled and strategic application of 

ultraviolet (UV) radiation offers a promising 

approach to enhance the pharmacological profile of 

medicinal plants. Among UV types, UV-B and UV-C 

are the most effective in stimulating secondary 

metabolite accumulation, whereas UV-A generally 

exerts milder effects on growth and metabolite 

production. Short-term, carefully controlled exposure 

is recommended, as prolonged UV treatment can 

negatively impact biomass and photosynthetic 

efficiency. Moreover, combining UV exposure with 

hormonal treatments (e.g., methyl jasmonate) or 

salicylic acid can synergistically upregulate genes in 

secondary metabolite pathways, optimizing the 

synthesis of bioactive compounds.  It is important to 

note that responses to UV vary across species and 

cultivars, so optimization should be tailored to the 

specific plant type. Additionally, integration of UV 

treatment with other environmental factors, such as 

drought or nutrient stress, requires careful monitoring 

to prevent excessive stress that may counteract 

beneficial effects.  In summary, precise and well-

managed UV application, considering wavelength, 

intensity, duration, species, and environmental 

conditions, can effectively improve secondary 

metabolite production and the therapeutic potential of 

medicinal plants. Future research should aim to 

establish species-specific UV protocols to provide 

clear, evidence-based guidelines for practical 

application. The bioactive compounds and secondary 

metabolites of medicinal plants play a key role in 

their therapeutic and biological activities. These 

molecules can enhance immune function and 

antioxidant capacity, contributing to the prevention 

and improvement of various disorders and diseases   
[32-37]. 

 

 

Conclusion 

The findings of this review highlight that strategic 

and controlled UV exposure can serve as an effective 

tool to enhance the medicinal value of plants. Given 

the critical role of secondary metabolites in biological 

and therapeutic activities, applying UV in a regulated 

manner—particularly in greenhouse or controlled-

environment cultivation—offers a promising strategy 

to increase the concentration of bioactive compounds 

and improve the therapeutic value of plant-derived 

products. This review also emphasizes that the design 

of UV application programs must carefully consider 

species, genotype, and environmental conditions to 

maximize beneficial effects while minimizing 

potential negative outcomes. 

 

Statements and Declarations 

Funding support 

The authors did not receive support from any 

organization for the submitted work. 

Competing interests  

The authors have no competing interests to declare 

that are relevant to the content of this article. 

Ethics approval  

No ethical issues were involved.  

 [
 D

O
I:

 1
0.

61
88

2/
pb

p.
8.

1.
14

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 p

bp
.m

ed
ila

m
.a

c.
ir

 o
n 

20
25

-1
2-

08
 ]

 

                             7 / 10

http://dx.doi.org/10.61882/pbp.8.1.14
https://pbp.medilam.ac.ir/article-1-347-en.html


 

3 | Plant Biotechnology Persa Volume 8, Issue 1, 2026 

Soltanbeigi E and Lysiuk R 

 

 

Author contributions 

ES and RL: Conceptualization, original draft writing, 

investigation, formal analysis, and manuscript review 

and editing. 

References 

1. Frederick JE. Ultraviolet sunlight reaching the 
Earth’s surface: A review of recent research. 
Photochem Photobiol. 1993;57:175-178. 
doi:10.1111/j.1751-1097.1993.tb02274.x 

2. Dimen L, Tahâs VS, Borşan T, Ferencz Z. 
Ultraviolet rays and its environmental effects. Int 
Multidiscip Sci GeoConf SGEM. 2016;1:787-
792. 

3. Zlatev ZS, Lidon FJ, Kaimakanova M. Plant 
physiological responses to UV-B radiation. 
Emirates J Food Agric. 2012;24(6). 
doi:10.9755/ejfa.v24i6.481501 

4. Jansen MA. Ultraviolet-B radiation effects on 
plants: induction of morphogenic responses. 
Physiol Plant. 2002;116(3):423-429. 
doi:10.1034/j.1399-3054.2002.1160319.x 

5. Alyas J, Khalid N, Ishaque S, Fatima H, Hashim 
M, Hassan S, et al. Light (high light/UV 
radiation) modulates adaptation mechanisms and 
secondary metabolite production in medicinal 
plants. In: Medicinal plants: their response to 
abiotic stress. Singapore: Springer Nature 
Singapore; 2023. p. 363-390. doi:10.1007/978-
981-19-5611-9_14 

6. Rasouli A, Mirzatouni A. Effect of ultraviolet 
radiation on basil (Ocimum basilicum L.) and 
antimicrobial activity of its essential oils. 
Daneshvar Med. 2000;8(30):17. 
doi:10.3390/app12147190 

7. Harpour Sh, Rezaei MB, Majd A, Chaymand K. 
Effect of ultraviolet radiation on quantitative and 
qualitative changes of mint (Mentha spp.) 
essential oils. Iran J Med Aromat Plants. 
2002;8(1). 

8. Nasibi F, Kalantari Kh M. Hyoscyamus. Iran J 
Med Aromat Plants Res. 2006;22(2). 

9. Yejami A, Reza Nejad F, Sasan HA. Effect of 
UV-B radiation on some antioxidant compounds, 
phenylalanine ammonia-lyase activity, and total 
protein in ripe tomato fruit after harvest. Plant 
Biol. 2010;2(6). 
doi:10.1001.1.20088264.1389.2.6.4.1 

10. Khatami F, Ghanati F. Investigation of the effect 
of UV-B and UV-C stress on medicinal 
compounds of Malva sylvestris callus. Iran J 
Med Aromat Plants Res. 2013;3(1). Available 
from: 

https://journals.iau.ir/article_539805_e935aa6ddf
3ea86f4ea10ba4fd54b808.pdf 

11. Pourakbar L, Abedzadeh M. Effect of UV-B and 
UV-C radiation on antioxidant enzyme activities 
in lemon balm (Melissa officinalis) and the role 
of salicylic acid in alleviating UV-induced stress. 
Iran J Plant Biol. 2014;6(21). Available from: 
https://ijpb.ui.ac.ir/article_18935.html?lang=en 

12. Shahbdaghloo AR, Azizi A, Sarikhani H, Rajabi 
M. Effects of UV-A irradiation on antioxidant 
capacity, cynarin content, and some 
morphophysiological traits of three artichoke 
cultivars. J Greenhouse Crops Sci Technol. 
2016;7(28). doi:10.18869/acadpub.ejgcst.7.4.97 

13. Khtiari Z, Asghari GR, Enteshari Sh, 
Mahdinejad N. Comparison of phenols and 
flavonoids in plant and callus of Satureja 
montana under light and UV radiation stimuli in 
vitro. Iran J Med Aromat Plants Res. 2017. 

14. Zaeeifar Z, Falahi S, Gholinejad A. Effect of 
drought stress and UV-C radiation on enzymatic 
and non-enzymatic antioxidant defense system in 
three wheat cultivars. Plant Process Funct. 
2018;7(24). 

15. Leili M, Razvizadeh R, Farghani AM. Changes 
in pigments and secondary metabolites of 
Satureja montana seedlings in response to UV 
radiation and sampling time under in vitro 
conditions. Iran J Plant Biol. 2019;11(40). 
doi:10.22108/ijpb.2019.116190.1146 

16. Aghari M, Motefakker Azad R, Lisar S, 
Talebpour AH. Effect of different intensities of 
ultraviolet radiation on growth and secondary 
metabolites of Hypericum perforatum. Iran J 
Plant Drug Technol. 2020;3(1). 
doi:10.1080/15592324.2019.1640561 

17. Yazi A, Majd A, Kakhki M, Nezhadstari T, 
Nouraeini SK. Effect of different types of 
ultraviolet radiation on growth and some 
biochemical indices of purslane (Portulaca 
oleracea). Plant Process Funct. 2020;9(29). 
Available from: https://jispp.iut.ac.ir/article-1-
1382-en.html 

18. Jirloo BK, Fattahi M. Effect of UV-B radiation 
on atropine production and antioxidant enzyme 
activities in roots of Hyoscyamus muticus. J Cell 
Mol Res. 2021;34(4). Available from: 
https://cell.ijbio.ir/article_1692.html?lang=en 

 [
 D

O
I:

 1
0.

61
88

2/
pb

p.
8.

1.
14

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 p

bp
.m

ed
ila

m
.a

c.
ir

 o
n 

20
25

-1
2-

08
 ]

 

                             8 / 10

https://pbp.medilam.ac.ir/search.php?sid=1&slc_lang=en&author=Khosravi
https://journals.iau.ir/article_539805_e935aa6ddf3ea86f4ea10ba4fd54b808.pdf
https://journals.iau.ir/article_539805_e935aa6ddf3ea86f4ea10ba4fd54b808.pdf
https://ijpb.ui.ac.ir/article_18935.html?lang=en
https://jispp.iut.ac.ir/article-1-1382-en.html
https://jispp.iut.ac.ir/article-1-1382-en.html
https://cell.ijbio.ir/article_1692.html?lang=en
http://dx.doi.org/10.61882/pbp.8.1.14
https://pbp.medilam.ac.ir/article-1-347-en.html


 

2 | Plant Biotechnology Persa Volume 8, Issue 1, 2026 

A Concise Review on Ultraviolet Radiation and Its Potential to Enhance the Pharmacological… 

 

 
19. Azarafshan M, Peyvandi M, Abbaspour H, 

Mohammadi Z, Majd A. Biochemical responses 
of Pelargonium under ultraviolet radiation in in 
vitro conditions. Plant Res J. 2022;35(1):55-68. 

20. Abiri M. Synergistic effect of UV-A radiation 
and methyl jasmonate on biosynthesis of thymol 
and carvacrol in medicinal thyme (Thymus spp.). 
Cell Tissue J. 2022;13(4). Available from: 
https://jct.araku.ac.ir/article_703234_en.html 

21. Shahzidi ZA, Taklou SH, Amjad L, Zali H, 
Iranbakhsh A. Effect of UV-C radiation on 
photosynthetic pigments and biochemical 
parameters of purslane (Portulaca oleracea). 
Hortic Sci J. 2022;36(1). 

22. Abiri M. Synergistic effect of UV-A radiation 
and methyl jasmonate on biosynthesis of thymol 
and carvacrol in medicinal thyme (Thymus spp.). 
Cell Tissue J. 2022;13(4). 
doi:10.52547/JCT/13.4.285 

23. Stefanello R, Barreto RA, Müller GL, Rodrigues 
AH, da Silva Garcia WJ, Dorneles LS. UV-B 
and UV-C radiation on the germination of 
soybean seeds. Rev Bras Ciênc Agrár. 
2023;18(2):e2964. 
doi:10.5039/agraria.v18i2a2964 

24. Lourenço MS, Neto B, Heuvelink E, Freitas V, 
Carvalho SM. Exploring the effects of UV-A and 
UV-C light on Catharanthus roseus cultivars: 
insights into plant growth and physiology. In: X 
Int Symp Light Horticulture 1423. 2024 May 19. 
p. 163-170. Available from: 
https://research.wur.nl/en/publications/exploring-
the-effects-of-uv-a-and-uv-c-light-on-
catharanthus-rose 

25. Akalp E, Pirinç V. Morphological changes of 
pepper varieties (Capsicum annuum L.) resulted 
from UV-C lights and gamma-ray radiation 
sources. Appl Ecol Environ Res. 
2025;23(4):6193-6203. Available from: 
https://www.aloki.hu/pdf/2304_61936203.pdf 

26. Wu W, Wu H, Liang R, Huang S, Meng L, 
Zhang M, et al. Light regulates the synthesis and 
accumulation of plant secondary metabolites. 
Front Plant Sci. 2025;16:1644472. 

27. Ning W, Peng X, Ma L, Cui L, Lu X, Wang J, Li 
X, Wang W, Zhang L. Enhanced secondary 
metabolites production and antioxidant activity 
in postharvest Lonicera japonica Thunb. in 
response to UV radiation. Innov Food Sci Emerg 
Technol. 2012;13:231-243. 
doi:10.1016/j.ifset.2011.10.005 

28. Xiao S, Li D, Tang Z, Wei H, Zhang Y, Yang J, 
Zhao C, Liu Y, Wang W. Supplementary UV-B 
radiation effects on photosynthetic 
characteristics and important secondary 
metabolites in Eucommia ulmoides leaves. Int J 

Mol Sci. 2023;24(9):8168. 
doi:10.3390/ijms24098168 

29. Gallagher RP, Lee TK. Adverse effects of 
ultraviolet radiation: a brief review. Prog 
Biophys Mol Biol. 2006;92(1):119-131. 
doi:10.1016/j.pbiomolbio.2006.02.011 

30. Chinnasamy S, Ramachandran M, Sivaji C. A 
study on ultraviolet radiation and its effects. 
REST J Adv Mech Eng. 2022;1(2):1-9. 
doi:10.46632/jame/1/2/1 

31. MacKie RM. Effects of ultraviolet radiation on 
human health. Radiat Prot Dosimetry. 
2000;91(1-3):15-18. Available from: 
https://inis.iaea.org/records/b3egx-3eb51. 

32. Rafiee G, Narimani Rad F. Assessment of three 
different recirculating tilapia culture systems 
using biological filters and mineral nutrient. 
Aquat Anim Nutr. 2023;9(1):63–75. doi: 
10.22124/janb.2023.24365.1203. 

33. Shoribei R, Mohammadiazarm H, Hedayati A, 
Maniat M. Effects of different levels of aqueous 
extract from date palm (Phoenix dactylifera) 
waste on growth performance, immune 
parameters, and antioxidant activity in juvenile 
red tilapia (Oreochromis mossambicus × 
Oreochromis niloticus). Aquat Anim Nutr. 
2024;10(4):89–104. doi: 
10.22124/janb.2025.29241.1264. 

 
34. Shahsavari S, Sarkar S, Sen DJ, Mandal SK. 

Determination of total antioxidant activity of 
methanolic extract of Falcaria vulgaris. Journal 
of Biochemicals and Phytomedicine. 2022; 1(1): 
8–12. doi: 10.34172/jbp.2022.3. 

 
35. Nourolahi S, Ghiasi N. Herbal treatment of 

infant. Plant Biotechnol Persa. 2025;7(4):[page 
numbers if available]. doi: 10.61882/pbp.7.4.2. 

 
36. Babaei S, Mohammadi N, Esnaashari M, 

Ghanbarzadeh M. Effects of different levels of 
fucoidan in batter on the properties of silver carp, 
Hypophthalmichthys molitrix fish nugget during 
the storage period at 4 °C. Aquat Anim Nutr. 
2024;10(3):83–99. doi: 
10.22124/janb.2024.28522.1257. 

 
37. Raoofi M, Akbarzadeh A, Noori A, Niroomand 

M, Abdoli L. Effect of diet containing the purple 
coneflower, Echinacea purpurea extract and 
powder on innate immune-antioxidant factors in 
the hemolymph of Pacific white shrimp, 
Litopenaeus vannamei under pH stress. Aquat 
Anim Nutr. 2025;11(1):1–17. doi: 
10.22124/janb.2025.29579.1271.

 

 [
 D

O
I:

 1
0.

61
88

2/
pb

p.
8.

1.
14

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 p

bp
.m

ed
ila

m
.a

c.
ir

 o
n 

20
25

-1
2-

08
 ]

 

                             9 / 10

https://jct.araku.ac.ir/article_703234_en.html
https://research.wur.nl/en/publications/exploring-the-effects-of-uv-a-and-uv-c-light-on-catharanthus-rose
https://research.wur.nl/en/publications/exploring-the-effects-of-uv-a-and-uv-c-light-on-catharanthus-rose
https://research.wur.nl/en/publications/exploring-the-effects-of-uv-a-and-uv-c-light-on-catharanthus-rose
https://www.aloki.hu/pdf/2304_61936203.pdf
https://inis.iaea.org/records/b3egx-3eb51
http://dx.doi.org/10.61882/pbp.8.1.14
https://pbp.medilam.ac.ir/article-1-347-en.html


 

3 | Plant Biotechnology Persa Volume 8, Issue 1, 2026 

Soltanbeigi E and Lysiuk R 

 

 

 [
 D

O
I:

 1
0.

61
88

2/
pb

p.
8.

1.
14

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 p

bp
.m

ed
ila

m
.a

c.
ir

 o
n 

20
25

-1
2-

08
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            10 / 10

https://pbp.medilam.ac.ir/search.php?sid=1&slc_lang=en&author=Khosravi
http://dx.doi.org/10.61882/pbp.8.1.14
https://pbp.medilam.ac.ir/article-1-347-en.html
http://www.tcpdf.org

