
 

  
International Journal of Advanced Academic Research | ISSN: 2488-9849 

Vol. 12, Issue 3 (2026) | www.ijaar.org  

 

48 

Iorliam, I. B., & Ugoo, T. R. (2026). Antifungal activity of propolis extracts against postharvest fungi of mango 

andokra fruits in Makurdi. International Journal of Advanced Academic Research, 12(3), 48-59. 

https://doi.org/10.46654/85d5tr96 

ANTIFUNGAL ACTIVITY OF PROPOLIS EXTRACTS 

AGAINST POSTHARVEST FUNGI OF MANGO ANDOKRA 

FRUITS IN MAKURDI  

 
Iveren Blessing Iorliam

a*
, Tavershima Richard Ugoo

b
 

*a 
Science Laboratory Technology Department, Nigerian Army College of 

Environmental Science and Technology (NACEST), Makurdi, Benue State, Nigeria 
b 

Department of Crop Production, Joseph Sarwuan Tarka University, Makurdi 

*Corresponding author: Iorliam, I.B.; bzasha@yahoo.com 

 

Abstract 

Horticultural crops such as mango and okra fruits are susceptible to several diseases due to 

poor postharvest handling and storage. Fungal pathogens lead to post-harvest deterioration 

of many fruit vegetables produced in Nigeria. This study was carried out to evaluate the 

antifungal activity of propolis extracted from ethanolic extracts against the postharvest fungi 

of okra and mango fruits during storage in Makurdi. Two varieties of mango and okra fruits 

each that showed signs of deterioration were collected from the stored samples for laboratory 

experiments between May and June, 2024. Propolis' phytochemical composition was 

investigated both qualitatively and quantitatively using various conventional techniques. 

Data collected on the radial growth were subjected to analysis of variance (ANOVA) using 

GENSTAT and mean was separated using F-LSD at 5% level of significance. The study 

demonstrated that Nigerian propolis extracts obtained from Makurdi had considerable 

antifungal action against okra and mango fruit fungi. Thus, propolis extract could be a 

promising treatment for postharvest rot disease in okra and mango. However, further 

research is needed to establish the efficacy of propolis extract in the management of 

postharvest rot disease in real-world situations, particularly during long-distance transit. The 

study also showed that Aspergillus spp. and Penicillium spp., Aspergillus niger, and Fusarium 

spp. were isolated from decaying okra and mango fruits as these fungi are capable of causing 

postharvest diseases in healthy okra and mango fruits. The EEP at 90%EEP could 

significantly inhibit the radial growth of these organisms. Accordingly, the extract can be 

used as an alternative to the synthetic preservatives. Therefore, the fungicides-producing 

companies should take measures to produce large quantities of propolis that can be used 

against postharvest fungi in Benue, Nigeria.  
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1. Introduction 

Horticultural crops such as mango and okra fruits are full of compounds that are good for 

human health, like phenolic compounds and their antioxidative properties. They are good for 

their health benefits and help treat diseases like tumors and heart attacks (Parr and Bolwell, 

2000; Rautiainen et al., 2012; Baswal et al., 2020). So, to protect human health and the 

environment, the use of chemicals that are generally recognised as safe (GRAS) is getting 

more attention around the world. This is to keep these compounds that are good for your 

health in fresh horticultural produce (Suleria et al., 2015; Baswal et al., 2020). 

After bananas, grapes, apples, and oranges, mangos are the world's fifth largest fruit 

production (Bally et al., 2009; Okoth et al., 2013). It's one of the most widely used fruits for 

food, juice, flavor, aroma, and color, as well as a popular element in novel functional foods 

dubbed "super fruits" (Kittiphoom, 2012). The mango fruit includes practically all of the 

vitamins known to man. Okra is also the most major fruit vegetable crop and a calorie source 

(4550 kCal/kg) (Ekunwe et al. 2018) that tops other vegetables (Babatunde et al. 2007; 

Ekunwe et al. 2018). It's crucial to preserve okra's health benefits.  

Agrochemicals help producers produce, protect, and preserve fresh products (Berk, 2016). 

Misuse of chemical fungicides can lead to resistant fungus strains, reducing their efficacy 

(Hao et al., 2011). Agrochemical efficacy decreases over time, and excessive use has been 

debated by scientists, consumers, and the media, decreasing consumer acceptance (Sharma et 

al., 2009; Koch et al., 2017). Growers must reduce postharvest losses and eliminate pesticide 

side effects to assure food security and safety. The scientific community is currently 

developing agrochemical-free human measures (Palou et al., 2008). 

The development of new technologies for controlling the ripening process of fruits allows us 

to extend their shelf life, reduce distribution losses, and supply high-quality fruit to the 

market.  

In addition to the synthetic fungicides‟ usage, other techniques, such as propolis coating, are 

used to maintain the quality of harvested fruit during cold storage and shelf-life. Propolis is a 

natural resin substance (wax-like) in the form of sticky exudates that honeybees collect from 

various plants such as poplar, palm, pine, and leaf buds and then mix with salivary enzymatic 

secretions and pollen (Bankova, 2005; Sforcin, 2007; Abdulrahman et al., 2012; Harfouch et 

al., 2016). Propolis ranges in color from light yellow to green to dark brown (Salatino et al., 

2005). This bio-product has several uses inside the beehive, such as filling cracks, sealing 

spaces, maintaining temperature and humidity, and acting as an antiseptic to protect bee 

larvae and comb from microbial infections (Açikgoz et al., 2005; Al-Hariri, 2011; Ahmed et 

al., 2017). Propolis was described as having over 300 components, with the diversity of these 

compositions depending on geographical region, harvesting time and method, and solvent 

used in extractions (Afrouzan et al., 2017). The majority of these compounds are important in 

the activation of many physiological processes in the plant (Rushdi et al., 2014). Therefore, 

the aim of this study was to isolate and identify the pathogenicity of mango and okra 

pathogens and to evaluate the antifungal activity of propolis ethanolic extracts against the 

pathogens. 

2. Materials and Methods 

2.1 Collection of Samples 

Mango and okra fruits showing symptoms of decay were collected in polythene envelops 

from the stored samples and taken to the Botany Laboratory of the Benue State University 
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forisolation and identification of fungi pathogens as well as the antifungal efficacy of propolis 

extracts on the fungi pathogens. 

2.2 Media Preparation 

The medium used for isolation of fungi was Potato Dextrose Agar (PDA), which wasprepared 

according to manufacturer‟s instruction. 40 g of powdered PDA mediumwas dissolved in 1 

litre of sterile distilled water and sterilized by autoclaving at 121
0
C for 15minutes under a 

pressure of 15 pounds per square inch (15lb/inch
2
). After cooling, it was dispensed into sterile 

petri dishes. Streptomycin was added to the potato dextrose mediumto prevent the growth of 

fungi. 

2.3 Isolation of fungi 

Small sizes were cut from mango and okra fruits infected with rot and surface sterilized by 

dipping in 1% sodium hypochloride (NaOCl) solution for one minute. They were removed 

and rinsed in three changes of sterile distilled water then placed on sterile paper towel to dry. 

They were then placed on solidified Potato Dextrose Agar medium. Three replications were 

made for each sample. The inoculated plates were incubated at room temperature and 

observations were made for microbial growth. After 6-7 days of growth, sub culturing was 

done to obtain pure cultures of the isolates as reported by Liamngee et al. (2015). 

2.4 Identification of fungi 

The method reported by Agbatar et al. (2023) was used. Identification was done 

microscopically and macroscopically. For macroscopic characteristics, colony characteristics 

such as appearance, change in medium color and growth rate were observed. For microscopic 

characteristics, a drop of lactophenol cotton blue was placed on a grease free slide and a 

sterile wire loop was used to aseptically transfer a loopful of the fungal isolates onto the slide. 

A cover slip was placed on the slide in such a way as to prevent air bubbles. The slide was 

then viewed under a microscope at 10× and 40× objective. Shape of the conidia and 

conidiophores were taken note of. These features were matched with standards in Barnett and 

Hunter (1972) criteria, as described by Pérez-Álvarez et al. (2021). 

2.5 Pathogenicity Test 

Mycelia plugs of the fungal isolates from 5 days old pure cultures were used to inoculate the 

mango and okra fruits per pathogen. On appearance of symptoms, the tissues at the margin of 

the healthy and diseased parts were excised, sterilized and placed onto Potato Dextrose Agar 

(PDA) and incubated at room temperature for 5 - 7 days. At the end of the duration, 

morphological characteristics and growth patterns observed in each case were compared with 

the ones of the original isolates. One fruit each was used for each fungal isolate which was 

replicated three times and arranged in completely randomized design. Controls were mango 

and okra fruits inoculated with sterile PDA only. After 8-10 days of post inoculation, the area 

of rot was determined using the formula adopted by Ezeibekwe and Ibe (2010) as follows: 

Area of rot = πdl 

Where π = 22/7 

d = diameter of rot 

l = depth 
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2.6 Phytochemical Constituents Present in the Extracts of Propolis 

The phytochemical composition of propolis was carried out qualitatively and quantitatively 

using different standard methods in order to identify the secondary metabolites present in the 

sample such as tannins, phenols, saponins, alkaloids, flavonoids, terpenoids, steroids and 

glycosides.  

2.7 Data Collection and Analysis 

Data collected on radial growth for both crops were subjected to Analysis of Variance 

(ANOVA) using GENSTAT statistical package 17.1DE and Fishers‟ least significant 

difference (F-LSD) test was used in separation of means significant at 5% level of 

probability. 

3 RESULTS AND DISCUSSION 

Phytochemicals are non-nutrient plant chemical compounds or bioactive components that are 

responsible for protecting the plant against microbial infections or infestations by pests 

(Doughari et al., 2009; Yang et al., 2011; Abdullahi et al., 2020; Petruzzi et al., 2020; Paula 

et al., 2021). In this study, preliminary phytochemical screening of the ethanol extract 

propolis revealed the presence of alkaloids, flavonoids, phenolic compounds, saponins, 

tannins, steroids terpenoids and glycosides (Table 1). The presence of flavonoids and 

phenolic compounds account for the free radical scavengers that prevent oxidative cell 

damage. Their activities could be attributed to their ability to neutralize and quench free 

radicals (Pourmorad et al., 2006; Omale and Okafor, 2008; Ugwu et al., 2013). Nurhamizah 

(2016) reported the presence of terpenoids, flavonoids and essential oils in Propolis. Ipavet 

al., (2022) obtained similar phytochemicals working with propolis sourced from Gboko, 

Benue state. Also, Abudllahi et al. (2020) and Duru (2021) obtained similar phytochemicals 

with ethanol extracted propolis sourced from Jigawa, Kano and Abia states, Nigeria. 

Table 1: Phytochemical Composition of Nigerian Propolis Sourced from Benue State 

Parameters Presence of Phytochemicals 

Alkaloid ++++ 

Flavonoid ++++ 

Saponins ++ 

Tannin ++++ 

Glycoside ++++ 

Terpenoids ++++ 

Steroids ++++ 

Phenol ++++ 

+ = indicates presence of phytochemicals; +++ = shows moderate concentration; ++++ = 

shows high concentration. 

Three fungi namely Aspergillus fumigatus, Aspergillus flavus and Aspergillus niger, were 

isolated from the decaying okra fruits in storage. For A. fumigatus, the colony was powderish 

green and velvety in nature; the Conidiophores were hyaline with cylindrical conidia (table 

2). For Aspergillus flavus, the colony was green in color; the conidia were bluish green borne 

on long conidiophores. For Aspergillus niger, the colony was black in color and the conidia 

were black with transparent conidiophores. Some of these organisms have been previously 

reported as pathogens of okra fruit fruits by Abubakar et al. (2019) and Ezekiel and Sombie, 

(2014). They isolated and identified Aspergillus fumigatus, Aspergillus flauus, Aspergillus 

niger and 8 other fungi from decaying okra fruits in Kebbi, Nigeria. Ogunoye et al. (2023) 
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also isolated Aspergillus niger, A. fumigatus, A. flavus and 14 other species from rotting okra 

fruits in Owo, Ondo State. 

The efficacy of propolis on the radial growth of fungi of okra fruits during storage revealed 

that ethanol extracted propolis (EEP) at higher levels reduced the radial growth of the okra 

fungi as compared lower level of 70% EEP and the control (figure 1). The study affirms that 

EEP regardless of the levels exhibited antifungal properties on the okra fungi. Urea et al. 

(2023) in their study had shown that flavonoids such as pinocembrin (flavanone) and 

galangin (flavonol), have antifungal activity against phytopathogens such as Aspergillus 

niger, Penicillium notatum, and Fusarium spp. In studies made with propolis from China, 

strong antifungal activity was demonstrated against citrus blue mold and green mold caused 

by Penicillium italicum and P. digitatum, respectively, with pinocembrin being identified as 

one of the main active components (Yang et al., 2010; Yang et al., 2011). The mode of action 

of pinocembrin is the inhibition of respiration in hyphal cells, which leads to a deficit of 

energy and damage to cell membranes, accelerating cell death (Peng et al., 2012; Urrea et al., 

2023). 

Table 2: Macroscopic and Microscopic views of isolated Fungi from Decaying Okra fruits in 

Storage 

Crop Macroscopic View Microscopic View 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Okra 

  
Plate 1a. Macroscopic view of Aspergillus 

fumigatus 

Colony colour was powderish green and 

velvety in nature 

Plate 1b. Microscopic view of Aspergillus 

fumigatus 

Characteristics: Conidiophores were hyaline 

with cylindrical conidia 

  
Plate 2a. Macroscopic view of Aspergillus 

flavus 

Characteristics: Colony colour was green 

Plate 2b. Microscopic view of Aspergillus 

flavus 

Characteristics: Conidia were bluish green 

borne on long conidiophores 
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Plate 3a. Macroscopic view of Aspergillus 

niger 

Characteristics: Colony colour was black 

 

Plate 3b. Microscopic view of Aspergillus 

niger 

Characteristics: Conidia were black with 

transparent conidiophores 

 

 
Figure 1: Effect of EEP on the Radial Growth of Fungi of Okra fruits during Storage in 

Makurdi 

Table 3 showed that three fungi namely Penicillium spp, Aspergillus niger, and Fusarium spp. 

were isolated from the decaying mango fruits in storage. For Penicillium spp, the colony was 

green in color with white edges; the Conidiophores produced fingerlike structure. For 

Aspergillus niger, the colony was blackish in color; the conidia were black with transparent 

conidiophores. For Fusarium spp., the colony was cottony white in color and the Conidia 

were oval and curved with a smooth tapered end. Some of these organisms isolated and 

identified have been previously reported as pathogens of mango fruits by Ishwa et al. (2024) 

and Keta et al. (2020). They isolated and identified Aspergillus flavusand penicillium notatum 

from decaying mango fruits sold in Kebbi, Nigeria. Ishwa et al. (2024) isolated and identified 

two fungi of Aspergillus niger and Rhizopus stolonifer that causes decay of mango fruitsin 

Makurdi 

The radial growth test revealed that three organisms could grow on mango fruits namely 

Penicillium spp, Aspergillus niger, and Fusarium spp. With A. niger having the highest 

occurrence during the 7days of inoculation. Fusarium spp recorded the lowest occurrence and 
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the difference was significant. However, the radial between Penicillium spp and A. niger were 

at par at 5 to 7days of inoculation (table 4). Ishwa et al. (2024) and Bukar et al. (2009) 

reported that A. niger caused the highest area rot in mango and orange fruits from Makurdi 

and Kano metropolis. Furthermore, the ability of A. niger to induce the highest rot in this 

study could be due to its high broad-spectrum host specificity and its virulence nature on the 

host plant. This affirms the recent study of Ishwa et al. (2024) working on mango fruits. 

Moreso, Twuamsi et al. (2014) explained that due to the broad spectrum of Aspergillus spp., 

the organism can infect a wide range of crops. Furthermore, the mango fruits provide the 

optimum requirements in term of nutrients for the increased proliferation of A. niger. 

On mango fruits, the efficacy of ethanolic extracted propolis (EEP) suppressed the radial 

growth of fungi during storage. Table 4 also revealed that ethanol extracted propolis (EEP) at 

higher levels reduced the radial growth of the mango fungi as compared lower level of 

70%EEP and the control. The study affirms that EEP regardless of the levels exhibited 

antifungal properties on the mango fruits fungi. This finding agrees the report of Urea et al. 

(2023) who had shown that propolis, have antifungal activity against phytopathogens such as 

Phlyctema vagabunda. Working on propolis from China, they reported a strong antifungal 

activity that was demonstrated against citrus blue mold and green mold caused by Penicillium 

italicum and P. digitatum. 

Table 3: Macroscopic and Microscopic views of isolated Fungi from Decaying Okra fruits in Storage 

Crop Macroscopic View Microscopic View 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mango 

  

Plate 1a. Macroscopic view of Penicillium 

spp. 

Characteristics: Colony colour was green 

with white edges 

Plate 1b. Microscopic view of Penicilliumsp 

Characteristics: Conidiophores produced 

fingerlike structure 

  

Plate 2a. Macroscopic view of Aspergillus 

niger 

Characteristics: Colony colour was black 

 

Plate 2b. Microscopic view of Aspergillus 

niger 

Characteristics: Conidia were black with 

transparent conidiophores 
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Plate 3a. Macroscopic view of Fusarium 

spp. 

Characteristics: Colony colour was cottony 

white 

Plate 3b. Microscopic view of Fusarium 

spp. 

Characteristics: Conidia were oval and 

curved with a smooth tapered end 

Table 4: Effect of EEP on the Radial Growth of Fungi of Mango fruits during Storage in 

Makurdi 

 

Radial Growth 

Treatment Day 3 Day 5 Days 7 

Fungi A 0.68 1.00 1.33 

Fungi B 0.73 1.06 1.35 

Fungi C 0.55 0.83 1.20 

F-LSD (P≤0.05) 0.06 0.07 0.07 

EEP (%) 

   70 0.67 0.93 1.24 

80 0.64 0.90 1.15 

90 0.43 0.61 0.83 

Control 0.88 1.43 1.96 

F-LSD (P≤0.05) 0.07 0.08 0.08 

EEP = Ethanolic Extracted Propolis; Fungi A = Penicillium spp.; Fungi B = Aspergillus 

niger; Fungi C = Fusarium spp. 

4. CONCLUSION 

This study showed that the Nigerian propolis extracts sourced from Gboko had significant 

antifungal activity against okra and mango fruits fungi. Thus, the use of propolis extract 

could be a promising alternative for the control of postharvest rot disease in okra and mango. 

However, more studies are required to demonstrate the effect of propolis extract in the control 

of postharvest rot disease in real conditions, especially under long distance transportation. 

The study also showed that Aspergillus spp. and Penicillium spp., Aspergillus niger, and 

Fusarium spp. Were isolated from decaying okra and mango fruits as these fungi are capable 

of causing postharvest diseases in healthy okra and mango fruits. The EEP at 90%EEP could 

significantly inhibit the radial growth of these organisms. Accordingly, the extract can be 

used as an alternative to the synthetic preservatives. Therefore, the fungicides-producing 

companies should take measures to produce large quantities of propolis that can be used 

against postharvest fungi in Benue, Nigeria. 

ACKNOWLEDGEMENT 

The authors are grateful to Tertiary Education Trust Fund (TETFUND) for providing the 

institution based research (IBR) to carry out this research. 



 International Journal of Advanced Academic Research | ISSN: 2488-9849 

Vol. 12, Issue 3 (2026) | www.ijaar.org  

 

56 

DECLARATIONS 

Authors have declared that no competing interests exist.  

 

 

REFERENCES 

Abdullahi, Y. M., Sani, A. A., Musa, B., Goje, F. A., Ibrahim, A., Nuhu, M., Umar, A. H. and 

Baburo, S. I. B. (2020). Phytochemical Analysis and Antioxidant Properties of Amber 

and Red Honeybee Propolis. Dutse Journal of Pure and Applied Sciences 

(DUJOPAS), Vol. 6(1): 264-274 

Abdulrahman M, Samir Elbarbary N, Ahmed AD, Saeid ER. (2012). Honey and a mixture of 

honey bees-wax and olive oil–propolis extract in treatment of chemotherapy-induced 

oral mucositis: a randomized controlled pilot study. Pediatr. Hematol. Oncol; 29: 285–

292  

Abubakar, M., Keta, J. N., Anas, H., Mohammed, M. T. and Abdullah, H. A. (2019). Fungi 

associated with Postharvest decay of Okra (Abelmoschus esculentus L.) in Aliero 

Local Government Area, Kebbi State, Nigeria. Journal of Innovative Research in Life 

Sciences, 1(1): 45 – 50. 

Açıkgöz, Z., Yücel, B., Altan, Ö., (2005). The effects of propolis supplementation on 

broiler performance and feed digestibility. Arch. Geflügelk 69, 117–122 

Afrouzan H, Zakeri S, Mehrizi AA, Molasalehi S, Tahghighi A, Shokrgozar MA, Es-haghi A, 

Djadid ND. (2017). Anti-plasmodial assessment of four different Iranian propolis 

extracts. Archives of Iranian Medicine (AIM); 20. 

Agbatar, L. B., Ekefan, E. J., Liamngee, K. and Ugoo, T. R. (2023). Efficacy of bio-based 

extracts on shelf life and quality of orange (citrus sinensis) fruits during storage in 

Makurdi, Nigeria. World Journal of Advanced Research and Reviews, 20(3):1602–

1609. https://doi.org/10.30574/wjarr.2023.20.3.2583 

Ahmed R, Tanvir E, Hossen MS, Afroz R, Ahmmed I, Rumpa NE, Paul S, Gan SH, Sulaiman 

SA, Khalil MI. (2017). Antioxidant properties and cardioprotective mechanism of 

Malaysian propolis in rats. Evidence-Based Complementary and Alternative Medicin; 

7: 1-11.  

Al-Hariri, M.T., (2011). Propolis and its direct and indirect hypoglycemic effect. J. Family 

Commun. Med. 18, 152 

Babatunde, R. O., Omotesho, O. A. and Sholotan, O. S. (2007).Socio-economic 

characteristics and food security status of farming households in Kwara State, North-

Central, Nigeria. Pakistan Journal of Nutrition, 6(1):49-58. 

Bally, I., Lu, P., and Johnson, (2009). Mango breeding. In S.M. Jain, and P.M. Priyadarshan 

(Eds), Breeding plantation tree crops: Tropical Species Springer Science; Business 

Media.  

Bankova V. (2005). Chemical diversity of propolis and the problem of standardization. J 

Ethnopharmacol.; 100(1–2): 114–117.  

Barnett, H. L. and Hinter, B. B. (1972). Illustration genera of imperfect fungi, 3Rd edition, 

Burgess Publing Co. Minnesoth, USA, 273. 

https://doi.org/10.30574/wjarr.2023.20.3.2583
http://refhub.elsevier.com/S1319-562X(18)30189-X/h0055
http://refhub.elsevier.com/S1319-562X(18)30189-X/h0055
http://refhub.elsevier.com/S1319-562X(18)30189-X/h0055


 International Journal of Advanced Academic Research | ISSN: 2488-9849 

Vol. 12, Issue 3 (2026) | www.ijaar.org  

 

57 

Baswal, A.K., H.S. Dhaliwal, Z. Singh, B.V.C. Mahajan, and K.S. Gill. (2020). Post-harvest 

application of methyl jasmonate, 1-methylcyclopropene and salicylic acid extends the 

cold storage life and maintain the quality of „Kinnow‟ mandarin (Citrus nobilis L. X 

C. deliciosa L.) fruit. Postharvest Biol. Technol. 161:111064. 42910.1016/j. 

postharvbio.2019.111064.   

Berk, Z. (2016). “Postharvest changes,” in Citrus Fruit Processing, Z. Berk, Ed., pp. 95–105, 

Academic Press, Cambridge, MA, USA. 

Bukar, A., Mukhtar, M. D. and Adamu, S. (2009). Isolation and identification of postharvest 

spoilage fungi associated with sweet orange traded in Kano Metropolis. Bayero 

Journal of Pure and Applied Science. 2(1):122-124. 

https://doi.org/10.4314/bajopas.v2i9.73454. 

Doughari, J. H., Human, I. S., Bennade, S. and Ndakidemi, P.A. (2009). Phytochemicals as 

Chemotherapeutic Agents and Antioxidants: Possible Solution to the Control of 

Antibiotic Resistant Verocytotoxin Producing Bacteria. Journal of Medicinal 

PlantsResearch. 3(11): 839-848. 

Duru, I. A. (2021). Comparative phytochemical analysis of Brown, Green and Red Propolis 

from Umudike, Abia State, Nigeria. Advanced Journal of Chemistry, Section B, 3(1): 

86-97. https://doi.org/10.22034/ajcb.2021.121910 

Ekunwe, P. A., Alufohai, G., and Adolue, C. F. (2018). Economic viability of Okra 

(Abelmoschus esculentus L.) production in Ika South and North East Local 

Government Areas of Delta State, Nigeria. Agro-Science, 17(1), 57-62. 

Ezeibekwe, I. O. and Ibe, A. E. (2010). Fungal organisms associated with Yam (Dioscorea 

rotundata, poir) rot at Owerri, Imo State of Nigeria. Journal of Molecular Genetics; 2: 

1-5. https://doi.org/10.3923/jmolgene.2010.1.5 

Ezekiel, C. N. and Sombie, J. I. (2014). Survey of aflatoxins and fungi in some commercial 

breakfast cereals and pastas retailed in Ogun State, Nigeria. Journal of 

NaturalScience.6: 27-32.    

Hao, W., Li, H., Hu, M., Yang, L., &Rizwan-ul-Haq, M. (2011). Integrated control of citrus 

green and blue mold and sour rot by Bacillus amyloliquefaciens in combination with 

tea saponin. Postharvest Biology and Technology, 59(3), 316–

323. doi:10.1016/j.postharvbio.2010.10.002  

Harfouch RM, Mohammad R, Suliman H. (2016). Antibacterial activity of Syrian propolis 

extract against several strains of bacteria in vitro. World journal of pharmacy and 

Pharmaceutical Science.; 6(2): 42-46.  

Ipav, S. S., Igoli, J. O., Tor-Anyiin, T. A. and Anyam, J. V. (2022). Analgesic and anti-

inflammatory activities of propolis obtained from Gboko, Nigeria. African Journal of 

Biotechnology, Vol. 21(7): 324-333. DOI: 10.5897/AJB2022.17463 

Ishwa, U. B., Limangee, K., Chiel, G. M., Ishwa, A. J., Ishwah, B. and Akaaza, J. T. (2024).  

Antifungal activity of Zingiber officinale (Ginger) Rhizome extracts on postharvest 

fungi of mango fruits in Makurdi Benue State, Nigeria.  Journal of Human, Health 

and Halal Metrics, 5(1): 34-40.  https://doi.org/10.30502/JHHHM.2024.451531.1089 

Keta, J.N., Shinkafi, S. A., Aminu, M., Keta, M. N., Abubakar, M. and Gudu, G.J. (2020). 

Fungi species associated with spoilage of some edible fruits sold in Kebbi state, 

https://doi.org/10.4314/bajopas.v2i9.73454
https://doi.org/10.22034/ajcb.2021.121910
https://doi.org/10.3923/jmolgene.2010.1.5
https://doi.org/10.30502/JHHHM.2024.451531.1089


 International Journal of Advanced Academic Research | ISSN: 2488-9849 

Vol. 12, Issue 3 (2026) | www.ijaar.org  

 

58 

Nigeria. International Journal of Science for Global Sustainability: A publication of 

faculty of Science, Federal University of Gusau, Vol. 6(2), 149+. 

https://journals.fugusau.edu.ng/index.php/ijsgs/issue/archive 

Kittiphoom, S. (2012). Utilization of Mango seed. International Food Research Journal 19(4): 

1325-1335.  

Koch, S. Epp, A. Lohmann, M. and B¨ol, G.-F. (2017).  “Pesticide residues in food: attitudes, 

beliefs, and misconceptions among conventional and organic consumers,” Journal of 

Food Protection, vol. 80, no. 12, pp. 2083–2089. 

Liamngee, K, Akomaye, M. U. and Okoro, J. K. (2015). Efficacy of some botanicals in the 

control of fungal organisms causing postharvest rot of Yam in Kotube Market, Obudu, 

Nigeria. Journal of Pharmacy and Biological Sciences; 10(6): 33-41. 

https://doi.org/10.9790/3008-10623341 

Nurhamizah, I., Nurul, F. S. M. N., Muhammad, M. M. R., Abdul, J. Z., Zhari, I., Khamsah, 

S. M. (2016). Chemical and Biological Analyses of Malaysian Stingless Bee Propolis 

Extracts Malaysian Journal of Analytical Sciences, Vol. 20 No 2: 413 – 422 

Ogunoye, O. A., Adesina, J. M. Ayenigbara, M. A., Bepo, G. A. and Ologbosere, M. O. 

(2023).  Fungi associated with the spoilage of okra fruits sold in some major markets 

in Owo metropolis, Nigeria. Nigerian Journal of Horticultural Science, Vol. 27 (4): 

35-40. 

Okoth, E.M., Sila, D.N., Onyango, C.A., Owino, W.O., Musembi, S.M., and Mathooko F.M. 

(2013). Evaluation of physical and sensory quality attributes of three mango varieties 

at three stages of ripeness, grown in lower eastern province of Kenya - part 1. Journal 

of Animal and Plant Sciences, 17(3), 2608-2618. 

Omale, J. and Okafor, P. N. (2008). Comparative antioxidant capacity, membrane 

stabilization, polyphenol composition and cytotoxicity of the leaf and stem of 

Cissusmultistriata. Afr. J. Biotechnol., 7(17):3129-3133. 

Palou, L. Smilanick, J. and Droby, S. (2008). “Alternatives to conventional fungicides for the 

control of citrus postharvest green and blue molds,” Stewart Postharvest Review, vol. 

4, no. 2, pp. 1–16. 

Parr, S., and B. Bolwell. (2000). Phenols in the plant and in man. The potential for possible 

nutritional enhancement of the diet by modifying the phenols content or profile. J. Sci. 

Food Agric. 80:985–1012. 

Paula, L.A.L., Cândido, A.C.B.B., Santos, M.F.C., Caffrey, C.R., Bastos, J.K., Ambrósio, 

S.R. and Magalhães, L.G. (2021). Antiparasitic properties of propolis extracts and 

their compounds. Chem. Biodivers., 18, e2100310. 

Peng, L., Yang, S., Cheng, Y.J., Chen, F., Pan, S. and Fan, G. (2012). Antifungal activity and 

action mode of pinocembrin from propolis against Penicilliumitalicum. Food Sci. 

Biotechnol., 21, 1533–1539 

Pérez-Álvarez, S., Matas-Baca, M. Á., UríasGarcía, C., Flores-Cordova, M. A., Escobedo-

Bonilla, C. S., Magadanes-Tapia, M. A. and Chavez, E. S. (2021). Morphological and 

molecular characterization of a new autochthonous Trichoderma spp. isolate and its 

bio-control efficacy against Alternaria spp. Saudi Journal of Biological Sciences 29: 

2620-2625 

https://journals.fugusau.edu.ng/index.php/ijsgs/issue/archive
https://doi.org/10.9790/3008-10623341


 International Journal of Advanced Academic Research | ISSN: 2488-9849 

Vol. 12, Issue 3 (2026) | www.ijaar.org  

 

59 

Petruzzi, L., Rosaria Corbo, M., Campaniello, D., Speranza, B., Sinigaglia, M. and 

Bevilacqua, A. (2020). Antifungal and antibacterial effect of propolis: A comparative 

hit for food-borne pseudomonas, enterobacteriaceae and fungi. Foods, 9, 559. 

Pourmorad, F., Hosseininelir, S. J., and Shahabimajd, N. (2006). Antioxidant activity, phenol 

and flavonoid content of some selected Iraninan medicinal plants.Afri. J. Biotech., 

5:1142-1145. 

Rautiainen, S., E.B. Levitan, N. Orsini, A. Akesson, R. Morgenstern, M.A. Mittleman, and A. 

Wolk. (2012). Total antioxidant capacity from diet and risk of myocardial infarction: 

A prospective cohort of women. Am. J. Med. 125:874–980. doi: 

10.1016/j.amjmed.2012.03.008. 

Rushdi AI, Nuru A, Nofal IM, Ahmed K, Bernd RTS, Aarif HM, Khalid FM. (2014). 

Characteristics and chemical compositions of propolis from Ethiopia. Springer Plus. 

3(253): 1-9.  

Salatino A, Teixeira ÉW, Negri G, (2005). Message D. Origin and chemical variation of 

Brazilian propolis. Evidence-Based Complementary and Alternative Medicine. 

eCAM; 2, 33-38.  

Sforcin J. (2007). Propolis and the immune system: a review. J. Ethnopharmacol. 113: 1–14.  

Sharma, R. R. Singh, D.and Singh, R.  (2009). “Biological control of postharvest diseases of 

fruits and vegetables by microbial antagonists: a review,” Biological Control, vol. 50, 

no. 3, pp. 205–221. 

Suleria, H.A.R., M.S. Butt, F.M. Anjum, F. Saeed, and N. Khalid. (2015). Onion: Nature 

protection against physiological threats. Crit. Rev. Food Sci. Nutr. 55:50–66. doi: 

10.1080/10408398.2011.646364.   

Twumasi, P., Acquah, E. W., Quain, M. D. and Parkes, E. Y. (2014) Use of simple sequence 

repeat (SSR) markers to establish genetic relationships among cassava cultivars 

released by different research groups in Ghanaian. International Journal of Genetics 

and Molecular Biology; 6(3), 29-36. 

Ugwu, P. C., Nwodo, F. C., Joshua, P. E., Bawa, A., Ossai, E. C. and Odo, C. E. (2013). 

Phytochemical and Acute Toxicity Studies of Moringa oleifera Ethanol Leaf Extract. 

International Journal of Life Sciences Biotechnology and Pharma Research, 2(2):66-

71. 

Urrea, I., Arismendi, N., Sepúlveda, X., Gerding, M., Vero, S. and Vargas, M. (2023). 

Antifungal Activity of Propolis Extracts against Postharvest Pathogen 

Phlyctemavagabunda. Agronomy, 13, 104. 

https://doi.org/10.3390/agronomy13010104 

Yang, S.Z.., Peng, L.T., Su, X.J., Chen, F., Cheng, Y.J., Fan, G., and Pan, S.Y. (2011). 

Bioassay-guided isolation and identification of antifungal components from propolis 

against Penicilliumitalicum. Food Chem, 127, 210–215. 

Yang, S., Peng, L., Cheng, Y., Chen, F. and Pan, S. (2010). Control of Citrus Green and Blue 

Molds by Chinese Propolis. Food Sci. Biotechnol. 19(5): 1303-1308 

 

https://doi.org/10.3390/agronomy13010104

