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Abstract 

Background and objective: Postharvest fungi are among the biotic stresses threatening mango fruit along the 

mango value chain. A common strategy for controlling fruit fungal infections is the use of synthetic chemical 

fungicides. These fungicides are not eco-friendly, and their fungi resistance is of great concern. This study 

evaluated the antifungal activity of ginger rhizome extract on postharvest fungi of mango fruits. 

Materials and methods: Decaying mango (Mangifera indica) fruits, each showing signs of rot, were purchased 

from Wurukum, Wadata, Northbank, and high-level markets. Ginger Rhizomes (Zingiber officinale) were also 

purchased from Wurukum market, which is all in Makurdi Local Government Area of Benue State, Nigeria. 

Saburoud Dextrose Agar (SDA) medium was used to isolate fungal pathogens. Fungal isolation was done by the 

direct plate method. Ginger extracts were prepared using the maceration technique. The antifungal activity of 

the extract was tested using the pour-plating method. 

Results and conclusion: Two fungi of Aspergillus niger and Rhizopus stolonifer were pathogenic to healthy 

mango fruits. Moreover, we found that Aspergillus niger was the most virulent. There was a significant 

difference (p<0.05) in the occurrence of fungi across all markets. The rot caused by Aspergillus niger (4.35 

cm2) and Rhizopus stolonifer (4.33 cm2) was significantly higher than the un-inoculated mango fruits (1.98 cm2). 

The aqueous extract of Zingiber officinale inhibited the mycelia radial growth of the tested fungi. Accordingly, 

it can be used as an alternative to chemical fungicides. 
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1. Introduction 

Mango (Mangifera indica) is one of the most 

nutritious fruits in the world [1]. It belongs to the 

family of Anacardiaceae, one of the most important 

species of the family and one of the most prefere-

ntial fruit crops of the tropical and subtropical 

regions of the world for human consumption [2]. 
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Due to its popularity and importance, M. indica is 

often named the "King of fruits" for its luscious flavor 

and taste. Its social and economic impact are most 

relevant in developing and emerging countries, where 

mango is a high-valued component in diet, rich in 

vitamin A, B, E, K, and minerals such as potassium 

and magnesium [3]. It is a valuable and popular fruit 
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with various health benefits [4]. It is one of the 

world's most widely cultivated and traded tropical 

fruit crops, including Nigeria. [5].  

Various biotic and abiotic stresses cause immense 

loss to mango crops worldwide. Postharvest disea-

ses are among those biotic stresses threatening 

mango fruit along the value chain [6]. The 

postharvest phase is the most damaging stage of a 

fruit [6]. The low pH, high moisture content, and 

nutrient composition of mango fruit make it 

susceptible to pathogenic fungi attack. It may cause 

rots and fruits to be unsafe for consumption because 

of the mycotoxins produced by the fungi [6]. 

Postharvest disease can reduce fruit quantity and 

quality because they yield completely unmarke-

table products, and, in many cases, blemished fruits 

do not meet the quality standards in the major 

import markets. M. indica is susceptible to several 

diseases at all stages of its development [7]. 

The current approach to control the postharvest 

fungi of fruits involves the use of chemical fungi-

cides known for their high efficiency. Fungicides 

such as Carbendazim, Funguran, and Mancozeb are 

commonly used to combat fungal pathogens by 

extensively spraying the infected plants [8]. 

However, the use of these fungicides has raised 

concerns about potential risks to human health, 

environmental contamination, and the development 

of fungicide resistance by pathogens. In light of 

these concerns, a control strategy based on 

antagonistic microorganisms, or bio-control, has 

emerged as a promising alternative [9]. This has led 

to extensive research on the use of plants and their 

derivatives for the control of pathogenic fungi.  

Ginger (Zingiber officinale) belongs to the family 

of Zingiberaceae. It is one of the most commonly 

used spice and medicinal agents globally [10]. The 

Zingiberaceous plants are characterized by their 

tuberous or non-tuberous rhizomes, which have 

strong aromatic and medicinal properties [10]. 

Ginger contains various ingredients with anti-

microbial activity and medicinal value [11]. 

However, there are few studies on ginger extract's 

antifungal potential on postharvest mango fruit 

fungi. In this study, we aimed to investigate the 

antifungal activity of ginger rhizome extracts on post-

harvest fungi in mango fruits. 

2. Materials and methods 

2.1. Experimental location 

The study was carried out in the Botany Laboratory of 

the Department of Biological Sciences, Benue State 

University, Makurdi. Makurdi is located in North 

central Nigeria along the Benue River, at latitude 

07°43’N and longitude 08°35’E. It is situated at an 

elevation of 104 meters above sea level within the 

Benue trough, at the lower Benue valley, and is found 

in the Guinea Savannah region. 

2.2. Sample collection 

Ten decaying mango (Mangifera indica) fruits, each 

showing signs of rot, were purchased from Wurukum, 

Wadata, Northbank, and high-level markets. Ginger 

Rhizomes (Zingiber officinale) were also purchased 

from Wurukum market, all in Makurdi Local 

Government Area of Benue State, and taken to the 

Botany Laboratory of the Department of Biological 

Sciences, Benue State University Makurdi, for further 

studies. 

2.3. Preparation of culture medium 

Saburoud Dextrose Agar (SDA) was the media used 

to isolate the fungi pathogens (Lord's Mark Industries 

Limited, India). It was prepared according to the 

manufacturer's procedures by dissolving 62 g of the 

medium in 1000 ml distilled water followed by 

vigorous stirring for homogenization. The flask 

content was heated on a heating mantle until the 

solution became clear. After heating, the flask was 

covered with foil paper and autoclaved at 121 °C for 

15 min. The sterile medium was allowed to cool to a 

temperature at which it could be held with hands, and 

2-3 drops of chloramphenicol were added to inhibit 

bacterial growth. The medium was left to solidify 

before being used for fungi culture. 

2.4. Isolation of fungal pathogens from the decay-

ing mango (Mangifera indica) fruits 

Small sizes were cut from decaying mango fruits with 

a scalpel sterilized before by dipping in sodium 
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hypochlorite (NaOCl) solution (5% v/v) for 1 min. 

The pieces were then removed and rinsed with 

sterile distilled water three times, and placed on 

sterile filter paper for 5 min to dry. They were then 

placed on a solidified SDA medium. Three 

replicates were made for each sample. The 

inoculated plates were incubated at room 

temperature, and observations were made daily for 

possible microbial growth. After 5-7 days of 

growth, sub-culturing was done to obtain pure 

cultures of the isolates, as reported by Liamngee et 

al. [12]. A sterile inoculation needle was used to 

pick a small quantity of each pathogen and 

inoculate it in another plate containing freshly 

prepared solidified SDA to subculture the fungal 

isolates. The plates were sealed with PVC tape to 

avoid contamination. Plates were incubated for 5-7 

days at room Temperature. They were observed for 

growth, and the occurrence of fungi was determined 

by counting each fungus on plate divided by the 

total number of fungi grown on all plates [13]. 

2.5. Morphological characterization and iden-

tification of fungal isolates 

The identification of fungi was done 

macroscopically and microscopically. For 

macroscopic identification, colony characteristics 

such as appearance, change in medium color, and 

growth rate were observed on the plates. 

Microscopic identification was made by 

adding a small quantity of the fungus to a glass 

slide containing a drop of Lactophenol cotton blue, 

which was then covered with a slip to be observed 

by a light microscope with ×40 magnification. The 

observed characteristics of the fungi were 

compared with a standard pictorial chart for fungal 

identification by Navi et al. [14].  

2.6. Pathogenicity test 

A pathogenicity test was conducted on the fungi 

isolated from mango fruits to confirm the 

pathogenic organisms. The pathogenicity of the 

isolated organisms was tested on detached, unripe, 

healthy mango fruits using the agar plug method 

[15]. Twelve healthy mango fruits were surface 

sterilized with soaking in 5% sodium hypochlorite for 

1 min, and washed then with sterile distilled water 

three times. A 3-mm cork borer was punched into the 

healthy mango fruits, removed the bored tissues. A 1-

mm cork borer from pure cultures of the fungi was 

used to inoculate the mango fruits. Lesion diameter 

was measured based on the symptoms induced six 

days after inoculation at ambient light and temperature 

conditions. The lesion depth and diameter were 

measured on day 7 using the meter rule. After 

incubation, the area of rot was then calculated using 

the formula adopted by Ezeibekwe and Ibe [16] as 

follows: 

Area of rot = πdl  

Where, π = 22.7, d: diameter, l: depth 

2.7. Preparation of ginger rhizome’s aqueous 

extract 

The outside cover of the ginger rhizomes was removed 

by a knife. The rhizomes were weighed using an 

electric weighing scale to get 50 g and 100 g, and then 

they were washed with distilled water to remove the 

dirt. Ginger rhizomes were surfaced sterilized by 

sodium hypochlorite (5% v/v) for 1 min, rinsed three 

times with sterile distilled water, mashed using a 

wooden mortar and pestle, and allowed to dry at room 

temperature. To prepare aqueous ginger rhizome 

extract, 50 g of the ginger rhizome powder was 

transferred into beakers, and 100 ml of sterile distilled 

water was added. It was allowed to stay for 2 h, and 

sieved using a sieve cloth to obtain a filtrate with 

concentration of 50% w/v. 

2.8. Antifungal activity test 

The antifungal activity of the extract was tested using 

the pour-plating method. Two ml of each extract of 

50% and 100% w/v were separately dispensed into 

plates, followed by addition of 15-20 ml of molten 

SDA medium. The agar-extract mixture was swirled 

gently on the bench to ensure the homogeneity of the 

extract, and left further to solidify. Then, a 4-mm 

diameter cork borer was used to plug the mycelia from 

a five-day-old pure culture. A sterile needle was used 

to obtain the plugged mycelia from the edge. The 
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mycelia were inoculated centrally into the medium. 

These steps were done in three replicates. Controls 

were the plates containing the organism but no 

botanical extract. The plates were incubated at 

room temperature for 7 days. Data were collected 

for the length and breadth of the fungal growth on 

days 3, 5, and 7. The effect of the extract on fungal 

isolates was compared with that of the control. 

3. Results and discussion 

Two fungi of Aspergillus niger and Rhizopus 

stolonifer were known to cause decay of mango 

fruits. The macroscopic appearance of these 

organisms on SDA, and their microscope feature are 

presented in Figures 1 and 2. A. niger showed a dark 

brown colony on SDA. The conidia were brown and 

the conidial heads were radiated with conidiogenous 

cells biseriate. The colonies of R. stolonifer grew from 

white to grey and turned to yellowish brown during 

time, and were cottony after seven days of incubation 

on SDA. The sporangiophores were branched, 

forming a large terminal of globose sporangia. 

 

   

 
Figure 1- Image of Aspergillus niger; a) macroscopic assay, b) microscopic assay 

    

 
Figure 2- Image of Rhizopus stolonifer; a) macroscopic assay, b) microscopic assay  

a 

a 

b 

b 
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Table 1 shows the occurrence of fungi in the 

sampling locations. The result revealed that 

Northbank market (3.33) and Wurukum (3.33) had 

higher fungi occurrence than international market 

(2.67), and modern market (1.00). 

Table 1- Occurrence of fungi in mango fruits 

obtained from different markets in Makurdi 
Locaton Occurence  

Modern market  1.00 

North bank 3.33 

Wurukum 3.33 

International 2.67 

 

According to Table 2, modern market had higher 

distribution of A. niger than wurukum market, 

northbank market, and International market. For R. 

Stolonifer, international market showed the highest 

distribution followed by Wurukum market, Modern 

market, and Northbank market.  

Table 2- Distribution of individual fungi from 

mango fruit in the markets of Makurdi 
Location Aspergilus 

niger 

Rhizopus 

stolonifer 

Modern market 3.67 1.67 

North bank  2.00 1.00 

Wurukum 2.33 2.33 

International 1.00 3.00 

 

The rot area developed by the fungi isolates on 

mango fruit is shown in Table 3. As seen, both A. 

niger and R. stolonifer induced a bigger rot area 

compared to the control. 

Table 3- Area of the rots developed by the fungi 

isolate on healthy mango fruits collected in 

Makurdi 

Fungi isolates Area of rot (cm2) 

Aspergillus niger 4.35 

Rhizopus stolonifer  4.33 

Control 1.98 

 
The inhibitory effect of ginger Rhizomes on fungal 

radial growth is presented in Table 4. The results 

revealed that there was no remarkable difference in 

radial growth of A. niger and R. stolonifer on days 

3, 5, and 7. 

Table 4- Inhibitory effect of Zingiber officinale extract 

on growth of fungi isolated from mango fruits in 

Makurdi 
 Days after inoculation 

Fungi type 3 5 7 

A. niger 1.66 2.10 2.7 

R. stolonifer 1.70 2.0 2.8 

Concentration (%w/v)    

0 2.45 3.30 4.00 

50 0.35 0.80 2.00 

100 0.10 0.37 0.85 

 

This present study confirmed A. niger and R.stolonifer 

as the postharvest fungi associated with mango fruits 

in Makurdi. Mango fruits, due to their low pH, high 

moisture content, and nutrient composition are very 

susceptible to pathogenic fungi attack, which make 

them inappropriate for consumption due to mycotoxin 

production other than causing decay [17]. This result 

is in accordance with Sumia and Yogesh [18], who 

isolated A. niger and R. stolonifer from decaying 

mango fruits displayed for sale in five different market 

places in five major cities in Oyo State in 

Southwestern Nigeria. In agreement, Mohammed et 

al. [19] isolated A. niger and R. stolonifer in decayed 

mango fruits from Lapai, Niger State, Nigeria. In a 

study of Iqbal et al. [20], Fusarium mangiferae and 

Fusarium pallidoroseum were isolated from 

malformed mango fruits in Ibadan, Southwestern 

Nigeria. This variation could be due to geographical 

distribution as the studies were not done in the same 

location.  

This study also showed a significant difference in 

fungal occurrence across the sampled markets. 

Wurukum (3.33) and Northbank (3.33) markets 

recorded the highest fungal occurrence, and the lowest 

was recorded in Modern market (1.00). The activities 

carried out in the various markets, sanitary conditions, 

and postharvest handling practices of the Mango 

might be attributed to the different occurrences. The 

occurrence of these organisms may be attributed to 

their ability to produce resistant spores [21]. 

The growth test revealed that two organisms could 

grow on mango fruits. Bukar et al. [18] reported that 

A. niger caused the highest rot in orange fruits 
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collected from different markets in the Kano 

metropolis. 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. Twuamsi et al. [22] 

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. 

The isolated R. stolonifer in this study has been 

documented to cause crown rot in mango, which is 

known as a major postharvest disease [16]. The 

disease has been reported in more than 70% of 

farms in Nigeria, and causes loss of about 80% of 

the crops [23]. 

The efficacy of Z. officinale extract was tested in 

vitro on the mycelia growth of fungi isolated in 

mango fruits. The results showed that different 

concentrations of Z. officinale extract inhibited the 

radial growth of fungi in the fruits. The ability of Z. 

officinale to inhibit the growth of fungi possesses 

strong antifungal properties, which depends on the 

concentration of the plant extract. Z. officinale at 

concentrations of 50% and 100% w/v could 

effectively inhibit the growth of A. niger and R. 

stolonifer compared to the control. It agrees with 

the study of Ekhumelo et al.  [15], in which they 

tested the efficacy of garlic and ginger at 

concentrations of 10, 20, and 30% w/v in inhibition 

of fungi mycelia growth. They reported that the 

extracts significantly reduced the radial growth of 

fungi. We observed that the increasing 

concentration of Z. officinale extract resulted in 

reduced growth of fungi. Several studies have 

reported the effect of plant extract on the 

occurrence of fungi. Gerafa-Sefu et al. [6] reported 

that the abundance of fungi is affected by several 

plant extracts due to their antifungal nature. Zakawa 

et al. [13] examined the efficacy of Neem leaf at 

concentrations of 20, 40, and 60% w/v in inhibition 

of A. niger, Botrytis cinerea, and A. flavus mycelia 

growth in mango fruits. They reported that the 

Neem leaf extracts significantly reduced the radial 

growth compared to the untreated mango (control). 

Fatima et al. [24] also researched the effect of Allium 

sativum (garlic) on the growth of Lasiodiplodia 

theobromae associated with the spoilage of mango. 

They reported that the extract inhibited the growth of 

the fungal isolates at concentrations of 10-50%. 

4. Conclusion 

In our study, A. niger and R. stolonifer were isolated 

from decaying mango fruits. These fungi are capable 

of causing postharvest diseases in healthy mango 

fruits. The extract of Z. officinale at concentrations of 

50% and 100% w/v 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 botanicals that can be used against 

postharvest fungi. 
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