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Abstract 
The efficacy of wormwood, thyme, and camphor extracts on fungal growth and spore formation was 
evaluated using potato dextrose agar (PDA) medium, with each extract dissolved separately in water, 
alcohol, and hexane. The study results showed that aqueous and alcoholic camphor extracts most 
significantly inhibited fungal growth, with reductions to 0.87 cm for Penicillium. expansum and 0.8 

cm and 1.08 cm, respectively, for Alternaria. alternata. Hexane and aqueous thyme extracts were 

most effective in preventing P. expansum spore formation, at 1.49% and 1.97%, respectively, while 
hexane wormwood extract most inhibited A. alternata spore formation at 1.46%. These extracts were 
also tested for their efficacy in controlling apple fruit rot induced by P. expansum and A. alternata 
under storage conditions in Red Delicious and Golden Delicious cultivars. Notably, the aqueous 
wormwood extracts limited P. expansum infection in Red Delicious apples to 7%. The study revealed 
that certain plant extracts effectively prevented fungal infection in apple fruits. Specifically, no 
infection was detected in fruits treated with alcoholic and hexane wormwood extracts, alcoholic 
thyme, or hexane camphor. Among Golden Delicious apples, the hexane camphor extract treatment 
resulted in the lowest P. expansum infection rate (3.5%), whereas the aqueous wormwood extract 
treatment led to the highest infection rate (65%). In Red Delicious apples, the highest A. alternata 

infection rate (2.1%) was observed with alcoholic thyme extract treatment. Conversely, no infection 
was observed in fruits treated with wormwood (alcoholic and hexane), aqueous thyme, or alcoholic 
and hexane camphor extracts. Additionally, Golden Delicious apples treated with alcoholic 
wormwood extract exhibited complete resistance to A. alternata infection. 
Keywords. A. alternate, Penicillium. expansum, People Plants Extracts, Apple Fruits.  

 

Introduction 
Apple trees worldwide are exposed to numerous fungal and bacterial pathogens, as well as viral diseases. 

Root rot and leaf spot are common fungal diseases, wilt (leaf and flower), and fruit issues like decay and 

spotting, leaf drop, and cankers of trunks, branches, and twigs [1]. However, it is worth noting that 

physiological disorders and pathogenic diseases may plague the storage period following harvest, 
consequently compromising both the quality and quantity of the crop. This unfortunate outcome translates 

into notable economic losses [2,3]. 

Plant pathogens pose a significant economic threat to fruit production by reducing availability and storage 

life [4]. They contain various biologically active compounds and specific phenolic compounds known for their 

antioxidant properties. The main fungal pathogens responsible for apple fruit losses are major postharvest 

fungal pathogens, including Fusarium expansum, B. cinerea, and Mucor piriformis. Notably, P. expansum is 
a significant concern due to its role in spoilage and patulin production, a mycotoxin found in rotting apples 

and apple juice [6]. These pathogens, particularly Botrytis cinerea, are responsible for substantial 

postharvest losses [7]. Botrytis species pose a significant threat to various crops, including ornamentals and 

field crops [8, 9, 10]. 

Fruit is susceptible to fungal infection during handling, transportation, and storage due to these pathogens. 

Recent studies have shown that waste from total fruit and vegetable production can be as high as 33% and 
the Annual losses range from 5 to 35% [11-13]. Apart from their economic consequences, these fungi are 

also recognized as strong producers of toxic secondary metabolites, including a variety of mycotoxins (e.g., 

chaetoglobosins and patulin), allergens, and antibiotics, which can exhibit carcinogenic and mutagenic 

effects, posing serious health risks [14]. 

While plants are generally shielded from fungal diseases by utilising synthetic fungicides, their excessive 
use has raised concerns due to high costs, residue issues, and the development of resistance, ultimately 

harming human health and the environment. Alternatively, extracts from medicinal plants with antibacterial 

properties offer promising benefits. These plants contain secondary metabolites like alkaloids, tannins, 

saponins, glycosides, and flavonoids, which have shown potent antifungal effects [15]. Notably, Alternaria, 

a widespread fungal disease affecting various fruits, requires attention. The research aims to test the 

efficiency of some natural plant extracts in controlling postharvest fungi (Alternaria alternata and Penicillium 
expansum) on apple fruits. 
. Recently, research has focused on utilizing plant-derived products as innovative fungicides for managing 

post-harvest diseases. Considerable investigations have highlighted the significance of using plant extracts 
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and volatile oils as natural fungicides, such as thyme, cloves, cinnamon, lemon, and basil. Some studies 

have also indicated that essential oils extracted from thyme can significantly decrease the occurrence of 

blue mold and green mold induced by Penicillium species on harvested citrus fruits, and also control other 
fungal diseases [16, 17]. 

Multiple experiments have been conducted on new plant extracts with a potent fungicidal nature around 

the world, and studies have shown that plant extracts, prepared with water or organic solvents, exhibit 

antifungal properties against multiple pathogens in fruits like citrus, apples, and pears [18, 19]. 

Alternaria fungi cause several types of apple rots. These rots appear on the fruit as irregular, dark brown 

spots that grow into black spots [20]. Other studies have also shown that treating apples with thyme 

essential oils effectively reduces damage caused by Penicillium fungi. The findings showed that 14% of apples 
stored under control conditions were free of Penicillium disease, while 39-42% of the thyme-treated apples 

had no fungal contamination [21]. Certain fungi, for instance, P. expansum, present a significant health risk 

due to their production of the mycotoxin patulin, citrinin, and chitoglobulin, which are carcinogenic [22]. 

Several studies have indicated the mechanism of volatile oils in inhibiting or stopping the growth of fungi, 

which includes several assumptions, including (a) the presence of the OH group and multiple hydrogen 
bonds formed by essential oils leads to harmful changes in cellular enzyme activity and the functions of 

intracellular organelles. These effects include: (a) morphological alterations due to the breakdown of cell 

cohesion and integrity, (b) membrane instability, (c) disruption of membrane permeability, and (d) 

cytoplasmic granulation. Many plant extracts contain various antimicrobial compounds, and the benefits of 

plant-derived fungicides are their biodegradability and their non-toxic nature to plants. Thus, Higher plant-

derived fungicides could serve as substitutes for synthetic fungicides [26]. In addition to these substances, 
other antimicrobial agents comprise acetaldehyde, allicin, and various phenolic compounds, among others 

[27, 28]. A study showed that phenolic compounds like ferulic acid and resveratrol reduced blue mold in 

apples, with quercetin and umbelliferone being the most effective at 86-92% inhibition [29]. 

Nevertheless, phenolics and certain plant-derived bioactive compounds with antimicrobial properties, such 

as nonanone acetaldehyde, citral, cinnamaldehyde, and nerolidol, were also found to be efficacious in 

rescuing citrus fruits from damage caused by the pathogen P. digitatum [30]. 
Various isothiocyanates have been shown to reduce the rate of infection from Botrytis Cinerea and Penicillium 
expansum in apples by up to 85% [31]. In general, the method/solvent used in extracting plant extracts 

affects their antifungal effect, which may be linked to the solvent's polarity in the extraction process. Using 

methanol as a polar solvent facilitates the derivation of plant compounds like phenolics and terpenes, which 

have been shown to possess antimicrobial properties due to their biologically active constituents [32]. 

Various studies have shown that certain methanol extracts from Acacia seyal and Withania somnifera plants 
can effectively manage green mold disease by enhancing the plant’s innate defence mechanisms. [33, 

34]. Several investigations have indicated the effectiveness of camphor extracts in treatment and beauty 

products [35]. The effectiveness of camphor extracts in killing and repelling insects has also been supported 

[36, 37].  Some results have shown that camphor extract may exhibit significant inhibitory activity against 

plant pathogenic fungi, most notably Fusarium spp. This is attributed to the fact that the cell membrane 

may be a target for camphor extract, as it can disrupt the fungal cell membrane, improving its permeability 
and potentially releasing large molecules, such as nucleic acids and proteins, into fungal cells [38]. 

Several experiments have indicated the biological activity of camphor extract as an antimicrobial against 

several plant fungi, for instance, (Fusarium oxysporum, Fusarium solani, and Alternaria alternata). The 

bioactive metabolites are the cause of this effect. The antimicrobial effect of camphor substances may be 

attributed to the extract containing several phenolic and flavonoid compounds, including catechins and 

gallic acid [39].   
 

Methods 
Study design and setting  

The was carried out in 2022 at the Department of Plant Protection, Faculty of Agriculture. Omar Al-Mukhtar 
University, Al Bayda, Libya, for the efficiency evaluation of three plant extracts on fungal growth postharvest 

apple fruits. 

 

Plant Extracts 

Three plant extracts were used for antifungal activity studies. The tested plants 

were presented in Table 1. Multiple prior investigations have elucidated the significance of these extracts in 
impeding the expansion of mycelium and the initiation of spore germination in various pathogenic fungi 

[40]. 
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Table 1. The tested plants for antifungal activity studies. 

English name Scientific Name 

Artemisia Artemisia 
Thyme Thymus Vulgaris 

Camphor Cinnamomum camphora 

 

Plant extracts preparation 

Plant extraction using methanol, hexane, and water was used as the extraction system. A total of 100 grams 

of the respective collected botanical extraction was subjected to disinfection using a 2% sodium hypochlorite 

solution for 15 minutes. After disinfection, the material was flushed twice with purified water for 15 minutes 
each and then allowed to air dry. at 26 C° for 3 to 4 hours, according to the type of plant infection. 

Subsequently, the material was carefully placed in polyethylene bags and frozen at a temperature of -20 

degrees Celsius for a minimum duration of 12 hours. Upon thawing at room temperature for 1 hour, the 

plant materials were delicately wrapped in a fine cotton fabric and subjected to pressing to obtain the desired 

extracts. This process of freezing and thawing effectively ruptured the plant cells, thereby facilitating the 

collection of fluid extracts devoid of any tissue. The extracts were then subjected to centrifugation using a 
refrigerated RC-3B centrifuge from Sorvall Instruments, at a force of 4500xg for a period ranging from 30 to 

60 minutes, while maintaining a temperature of 19 degrees Celsius. The resulting supernatants were 

subsequently subjected to filter sterilization using a 0.22 μm Millipore filter from Massachusetts, USA. These 

sterilized extracts were then utilized as test extracts, as indicated by [41]. Finally, the extracts were stored 

in sterile amber bottles at a temperature of 4 degrees Celsius, with a maximum storage period of 60 hours. 
 

In vitro antifungal assay of plant extracts 

Mycelial inhibition was quantified as the percentage of in vivo assays conducted on wounded apples. In each 

trial, fresh samples of a pathogen and an antagonist were defrosted and diluted to concentrations of 105 

CFU/ml for the pathogens, 107 CFU/ml for the antagonistic fungal strains [42].  

 
In vivo antifungal activity of plant extracts 

For laboratory tests, Golden Delicious apples that had not undergone late-season fungicide treatments were 

utilised. These apples were stored for a maximum of 8 weeks at a temperature of 2oC and a relative humidity 

of 95%. Before testing, the apples were subjected to surface sterilization by being soaked in 70% ethanol for 

3 minutes. Then, the method indicated by [43] was followed to inject apple fruits with a fungal spore 

suspension. 
 

Statistical analysis 

Involved the conversion of the estimated area of Inhibition of fungal proliferation, expressed relative to the 

control percentage, through arcsine transformation to ensure the homogeneity of variance. The subsequent 

analysis of the transformed data was conducted using SPSS version 22. The major separation was achieved 
by employing Duncan's multiple range tests at a significance level of p˂0.05. 

 

Results  
The objective of the experiment was to investigate the Impact of plant-derived extracts on the growth of 

mycelium in two fungal species, namely Penicillium expansum and Alternaria alternata.  Regarding the 
growth of P. expansum, the outcomes depicted in Figure 1 exemplified the efficacy of plant-derived extracts 

in impeding the growth of the fungus relative to the control group. The treatment involving aqueous and 

alcoholic camphor extract exhibited the highest efficiency in inhibiting fungal mycelial growth, followed by 

the alcoholic Artemisia extract, resulting in respective fungal growth measurements of (0.87, 0.87, and 1.66 

cm). 
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Figure 1. The fungal growth diameter of the fungus Penicillium expansum on potato agar 

medium, supported by a 10% concentration of some plant extracts 

 

Figure 2 demonstrates the ability of natural plant extracts to suppress the growth of Alternaria alternata 

relative to the control group. The treatment involving aqueous and alcoholic camphor extract was most 

efficacious in impeding the mycelium growth, followed by the alcoholic thyme extract. The respective fungal 
growth measurements were (0.80, 1.08, and 1.17 cm). 
 

 
Figure 2. The fungal growth diameter of the fungus Alternaria alternata on potato agar medium 

supported by a 10% concentration of some plant extracts 

 

Enumeration of fungal spores 
Regarding the formation of germs, the findings demonstrated the impact of extracts from plants on their 

formation of the fungus Penicillium expansum. Their number decreased in all treatments except for the 

treatment with Artemisia extract (dissolved in hexane) relative to the control group Figure 3. The most 
effective of them were the aqueous thyme (dissolved in hexane and water) extract and the hexane camphor 

extract, and the average number of germs in the dishes was 1.49, 1.97, and 2.21, respectively. Regarding 

the formation of germs, the outcomes demonstrated the impact of plant-derived extracts on their formation 

of the fungus Alternaria alternata. Their number decreased in all treatments except for the treatment with 

Artemisia extract (dissolved in alcohol) relative to the control Figure 4. The most impact of them were the 

aqueous hexane Artemisia extracts and camphor (dissolved in alcohol and hexane) extract, and the average 
number of germs in the dishes was (1.46, 2.24, and 2.24), respectively. 
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Fig. 3: Impact of plant extract on the spore production by the fungus Penicillium expansum 

 

 
Fig. 4: Influence of plant extract on spore number produced by the fungus Alternaria alternata 

 

Percentage of fungal infection 

The results in figure (5) showed the percentage of Penicillium expansum infection on apple fruits (Red 

Delicious variety) treated with In Vivo plant extracts. The results found that, the value of maximum infection 

percentage was 7 % for water Artemisia, followed by hexane thyme and water thyme of 5.5 and 3.1 %, 
respectively. In contrast, there was no infection for Artemisia (dissolved in alcohol and hexane) and hexane 

camphor.  

 

 
Fig. 5: Percentage of Penicillium expansum infection on apple fruits of (Red Delicious) variety 

treated with in vivo plant extracts 
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The results in figure (6) showed the percentage of Penicillium expansum infection on apple fruits (Golden 

Delicious variety) treated with In Vivo plant extracts. The results found that, the highest infection percentage 

of Artemisia followed by thyme and camphor, where the infection rate was highest (65 %) of water Artemisia. 
While, the lowest infection percentage was 3.5 % of hexane camphor. 

 

 
Fig. 6: Percentage of Penicillium expansum infection on apple fruits (Golden Delicious) treated 

with invivo plant extracts 

 

The results in figure (7) showed the percentage of Alternaria alternata infection on apple fruits (Red Delicious 

variety) treated with In Vivo plant extracts. The results found that, the value of maximum infection 

percentage was 2.1 % for alcohol thyme, followed by water Artemisia and hexane thyme of 1.6 and 0.5 %, 

respectively.  
 

 
Fig. 7: Percentage of Alternaria alternata infection on apple fruits of (Red Delicious) cultivar 

treated with in vivo plant extracts 
 

In contrast, there was no infection for Artemisia (dissolved in alcohol and hexane), water thyme, and 

camphor (dissolved in water, alcohol, and hexane). The results in Figure 8 showed the percentage of 

Alternaria alternata infection on apple fruits (Golden Delicious variety) treated with In Vivo plant extracts. 

The results found that the highest infection percentage of hexane Artemisia was 10.5 %, whereas the lowest 

infection percentage was 1.5 % of alcohol camphor. In contrast, there was no infection for alcohol Artemisia. 
The statistical analysis indicated significant variations between the plant extracts tested. 
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Fig. 8: Percentage of Alternaria alternata infection on apple fruits of (Golden Delicious) treated 

with in vivo plant extracts. 

 

Discussion 
The results obtained in this research can be discussed as follows: The results revealed a discrepancy in the 

antifungal effects of plant extracts. The results indicated that aqueous and alcoholic camphor extracts were 

the most effective in inhibiting fungal growth, followed by alcoholic wormwood extract, this may be due to 

the ability of the active ingredients in camphor extract to disrupt the cell membrane and potentially release 

large molecules, such as nucleic acids and proteins, into fungal cells. This is consistent with the 

experimental results in [38]. The inhibitory effect of camphor extracts may be attributed to the extract 
containing numerous phenolic and flavonoid compounds, including catechins and gallic acid [39]. In 

general, alcoholic plant extracts were the most effective in inhibiting fungal growth in the PDA environment. 

This is due to it containing many compounds, for instance, Alkaloids, tannins, saponins, which are potent 

Secondary metabolites may be present in these plants and possess antifungal properties [15]. Also, they 

contain various biologically active compounds and specific phenolic compounds known for their antioxidant 

properties. Penicillium expansum is a meaningful fungal species that poses a health risk arising from its 
production of the carcinogenic toxins patulin, citrinin, and chitoglobulin [22].  

The findings of this research indicated the effectiveness of thyme and wormwood extracts in preventing the 

growth of Alternaria alternata and Penicillium expansum. The effectiveness of these extracts is attributed to 

their volatile oil content, which inhibits or stops fungal growth. This effectiveness is attributed to several 

hypotheses, including: (a) the occurrence of some mutations in cellular enzymes and their functions; (b) the 

appearance of changes in cell cohesion and integrity; (c) the occurrence of a disturbance in the stability of 
plasma membranes; and (d) disturbances in membrane permeability. findings align with previous studies 

[22, 25]. The outcomes of the study are also in agreement with [26], showing that numerous plant extracts, 

such as thyme and wormwood, contain various antimicrobial compounds, with essential oils among them, 

flavonoids, quinones, alkaloids, and tannins. Other compounds exhibiting antimicrobial activities contain 

allicin, isothiocyanates, hexanol, methyl salicylate, lipoxygenase, and phenolic compounds. [26, 28]. 
Similarly, research by [26] showed that phenolic compounds, including resveratrol, scopoletin, and 

umbelliferone, effectively controlled P. expansum infection on Granny Smith and Golden Delicious apples. 

These activities have been documented as one of the antimicrobial processes and efficacy of raw plant 

extracts; yet, in-depth evaluation of their biological impacts, distribution within plant tissues, and the 

advancement of accurate formulations and detection techniques." of active ingredients requires extensive 

scientific interests for their use as economical plant fungicides. 
 

Conclusion 
Through numerous studies and research into new alternatives to chemicals used to combat fungal plant 

pathogens, new methods were developed in the 1980s. These methods rely on extracting active ingredients 

found in considerable natural plant species. To date, extensive research has been conducted on these plant 
extracts; further discoveries have been made about their active ingredients, and their effectiveness in 

eliminating or reducing fungal diseases has been established. Most of this research has indicated the high 

effectiveness of these plant extracts and the potential for their use as a successful substitute to synthetic 

fungicides. 

 
 

https://doi.org/10.54361/ajmas.258293


Alqalam Journal of Medical and Applied Sciences. 2025;8(2):1148-1156 

https://doi.org/10.54361/ajmas.258293 

 

 

Copyright Author (s) 2025. Distributed under Creative Commons CC-BY 4.0 
Received: 18-04-2025 - Accepted: 15-06-2025 - Published: 23-06-2025     1155 

Acknowledgments 

I wish to acknowledge with sincere appreciation the valuable support provided by the Department of Plant 

Protection, Omar Al-Mukhtar University, throughout this study. 
 

Conflicts of Interest 

The authors confirm that this research is free from any conflicts of interest.   

 

References 
1. Moinina A, Lahlali R, Boulif M. Important pests, diseases and weather conditions affecting apple production in 

Morocco: Current state and perspectives. Rev Mar Sci Agron Vét. 2019;7(1):71-87. 

2. Haïssam JM. Pichia anomala in biocontrol for apples: 20 years of fundamental research and practical 

applications. Phytopathology. 2011;99(1):93-105. 

3. Sutton TB, Aldwinckle HS, Agnello AM, Walgenbach JF. Back Matter. In: Compendium of Apple and Pear 

Diseases and Pests. 2nd ed. APS Press; 2014:205-218. 

4. Droby S. Improving quality and safety of fresh fruits and vegetables after harvest by the use of biocontrol agents 

and natural materials. Acta Hortic. 2005;709:45-51. 

5. Wisniewski M, Charles W, El Ghaouth A, Droby S. Non-chemical approaches to postharvest disease 

control. Acta Hortic. 2001;553:407-412. 

6. Wan Y, Tian S. Integrated control of postharvest diseases of pear fruits using antagonistic yeasts in combination 

with ammonium molybdate. J Sci Food Agric. 2005;85(15):2605-2610. 

7. Elad Y, Williamson B, Tudzynski P, Delen N, eds. Botrytis: Biology, Pathology and Control. Springer; 2007. 

8. Attrassi K, Selmaoui K, Touhami AO, Badoc A, Douira A. Biologie et physiologie des principaux agents fongiques 

de la pourriture des pommes en conservation et lutte chimique par l’azoxystrobine. Phytopathol 

Mediterr. 2005;144(1-2):47-62. 

9. Elad Y, Williamson B, Tudzynski P, Delen N. Botrytis: Biology, Pathology and Control. Springer; 2004. 

10. Liu J, Sui Y, Wisniewski M, Droby S, Liu Y. Utilization of antagonistic yeasts to manage postharvest fungal 

diseases of fruit. Postharvest Biol Technol. 2013;167(2):153-160. 

11. Enyiukwu D, Awurum A, Nwaneri J. Efficacy of plant-derived pesticides in the control of myco-induced 

postharvest rots of tubers and agricultural products: A review. J Plant Pathol Microbiol. 2014;2(1):30-46. 

12. Porat R, Lichter A, Terry LA, Harker R, Buzby J. Postharvest losses of fruit and vegetables during retail and in 

consumers’ homes: Quantifications, causes, and means of prevention. Postharvest Biol Technol. 2018;139:135-

149. 

13. Šernaitė L, Rasiukevičiūtė N, Valiuškaitė A. Application of plant extracts to control postharvest gray mold and 

susceptibility of apple fruits to B. cinerea from different plant hosts. Plants. 2020;9(10):1430. 

14. Prencipe S, Siciliano I, Gatti C, Garibaldi A, Gullino ML, Botta R, Spadaro D. Several species 

of Penicillium isolated from chestnut flour processing are pathogenic on fresh chestnuts and produce 

mycotoxins. Food Microbiol. 2018;76:396-404. 

15. Maswada HF, Elzaawely AA. Nutritive value of Stipagrostis lanata (Forssk.) De Winter as a feed for 

livestock. Asian J Crop Sci. 2013;5(2):216-221. 

16. Alilou H, Akssira M, Hassani MI, Chebli B, El Hakmoui A, Mellouki F, Blázquez M. Chemical composition and 

antifungal activity of Bubonium imbricatum volatile oil. J Essent Oil Res. 2008;47(1):3-10. 

17. Badawy FI, Sallam MN, Ibrahim A, Asran M. Efficacy of some essential oils on controlling green mold of orange 

and their effects on postharvest quality parameters. Plant Pathol J. 2011;10(4):168-174. 

18. Abd-El-Khair H, Omima HM. Effect of aqueous extracts of some medicinal plants in controlling the green mould 

disease and improvement of stored "Washington" Navel Orange Quality. J Appl Sci Res. 2006;2:664-674. 

19. Ikeura H, Kobayashi F, Tamaki M. Removal of residual pesticide, fenitrothion, in vegetables by using ozone 

microbubbles generated by different methods. J Food Prot. 2011;103(3):345-349. 

20. Nabila EA, Soufiyan EA. Use of plant extracts in the control of post-harvest fungal rots in apples. J Postharvest 

Technol. 2019;1(3):27-41. 

21. Frankova A, Smid J, Bernardos A, Finkousova A, Marsik P, Novotny D, Kloucek P. The antifungal activity of 

essential oils in combination with warm air flow against postharvest phytopathogenic fungi in apples. Food 

Control. 2016;68:62-68. 

22. Andersen B, Smedsgaard J, Frisvad JC. Penicillium expansum: consistent production of patulin, 

chaetoglobosins, and other secondary metabolites in culture and their natural occurrence in fruit products. J 

Agric Food Chem. 2004;52(8):2421-2428. 

23. Ribes S, Fuentes A, Talens P, Barat J. Prevention of fungal spoilage in food products using natural compounds: 

A review. Crit Rev Food Sci Nutr. 2018;58(12):2002-2016. 

24. Soylu EM, Soylu S, Kurt S. Antimicrobial activities of the essential oils of various plants against tomato late 

blight disease agent Phytophthora infestans. Mycopathologia. 2006;161(2):119-128. 

https://doi.org/10.54361/ajmas.258293


Alqalam Journal of Medical and Applied Sciences. 2025;8(2):1148-1156 

https://doi.org/10.54361/ajmas.258293 

 

 

Copyright Author (s) 2025. Distributed under Creative Commons CC-BY 4.0 
Received: 18-04-2025 - Accepted: 15-06-2025 - Published: 23-06-2025     1156 

25. Tao N, OuYang Q, Jia L. Citral inhibits mycelial growth of Penicillium italicum by a membrane damage 

mechanism. Food Control. 2014;41(1):116-121. 

26. Tripathi P, Dubey N, Banerji R, Chansouria J. Evaluation of some essential oils as botanical fungitoxicants in 

management of post-harvest rotting of citrus fruits. World J Microbiol Biotechnol. 2004;20:317-321. 

27. Palou L, Smilanick JL, Droby S. Alternatives to conventional fungicides for the control of citrus postharvest 

green and blue moulds. Stewart Postharvest Rev. 2008;2(2):1-16. 

28. Utama MS, Wills RB, Ben-Yehoshua S, Kuek C. In vitro efficacy of plant volatiles for inhibiting the growth of 

fruit and vegetable decay microorganisms. J Agric Food Chem. 2002;50(22):6371-6377. 

29. Sanzani SM, De Girolamo A, Schena L, Solfrizzo M, Ippolito A, Visconti A. Control of Penicillium expansum and 

patulin accumulation on apples by quercetin and umbelliferone. Eur Food Res Technol. 2009;228:381-389. 

30. Klieber A, Scott E, Wuryatmo E. Effect of method of application on antifungal efficacy of citral against 

postharvest spoilage fungi of citrus in culture. Postharvest Biol Technol. 2002;31:329-332. 

31. Wu H, Zhang X, Zhang GA, Zeng SY, Lin K. Antifungal vapour-phase activity of a combination of allyl 

isothiocyanate and ethyl isothiocyanate against Botrytis cinerea and Penicillium expansum infection on 

apples. J Phytopathol. 2011;159(6):450-455. 

32. Carson CF, Mee BJ, Riley TV. Mechanism of action of Melaleuca alternifolia (tea tree) oil on Staphylococcus 

aureus determined by time-kill, lysis, leakage, and salt tolerance assays and electron microscopy. Antimicrob 

Agents Chemother. 2002;46(6):1914-1920. 

33. Lanciotti R, Gianotti A, Patrignani F, Belletti N, Guerzoni ME, Gardini F. Use of natural aroma compounds to 

improve shelf-life and safety of minimally processed fruits. Trends Food Sci Technol. 2004;15(3-4):201-208. 

34. Mekbib SB, Regnier TJ, Korsten L. Control of Penicillium digitatum on citrus fruit using two plant extracts and 

study of their mode of action. Phytoparasitica. 2007;35:264-276. 

35. Xiong Y, Wu X, Tu X, Han Q. Progress in pharmaceutical research of camphor. Chin J Nat Med. 2009;6(12):999-

1001. 

36. Guo S, Geng Z, Zhang W, Liang J, Wang C, Deng Z, Du S. The chemical composition of essential oils 

from Cinnamomum camphora and their insecticidal activity against the stored product 

pests. Molecules. 2016;17(11):1836. 

37. Mossa A, Abdelfattah N, Mohafrash S. Nanoemulsion of camphor (Eucalyptus globulus) essential oil, 

formulation, characterization and insecticidal activity against wheat weevil, Sitophilus granarius. J Agric 

Sci. 2017;9(3):50-62. 

38. Kong W, Huo H, Gu Y, Cao Y, Wang J, Liang J, Niu S. Antifungal activity of camphor against four 

phytopathogens of Fusarium. Ind Crops Prod. 2022;148:437-445. 

39. Sobhy SE, Al-Askar AA, Bakhiet EK, Elsharkawy MM, Arishi AA, Behiry SI, Abdelkhalek A. Phytochemical 

characterization and antifungal efficacy of camphor (Cinnamomum camphora L.) extract against 

phytopathogenic fungi. Plants. 2023;10(3):189. 

40. Abdel-Massih R, Abdou E, Baydoun E, Daoud Z. Antibacterial activity of the extracts obtained from Rosmarinus 

officinalis, Origanum majorana, and Trigonella foenum-graecum on highly drug-resistant Gram-negative 

bacilli. J Bot. 2010;2010:1-8. 

41. Hernández-Albíter RC, Barrera-Necha LL, Bautista-Baños S, Bravo-Luna L. Antifungal potential of crude plant 

extracts on conidial germination of two isolates of Colletotrichum gloeosporioides (Penz.) Penz. and Sacc. Rev 

Mex Fitopatol. 2007;25(2):180-185. 

42. Awad A, Farhan T. Efficiency of aqueous and alcoholic extracts of some plant extracts in inhibiting the growth 

of Fusarium solani that causes cowpea root rot disease in the laboratory and in the field. IOP Conf Ser Earth 

Environ Sci. 2023;12(2):632-642. 

43. El-Mougy NS, El-Gamal NJ, Abdalla A. The use of fungicide alternatives for controlling postharvest decay of 

strawberry and orange fruits. Plant Pathol J. 2008;48(3):1-12. 

 

https://doi.org/10.54361/ajmas.258293

