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ABSTRACT 
 
The control of mycotoxigenic fungal isolates associated with deterioration of Pennisetum glaucum 
grains using Zingiber officinale (Roscoe) roots extracts were investigated in this study. Aqueous, 
Methanol and acetone solvents were used in the extraction of Z. officinale root extracts. The 
extracts were screened for phytochemicals which revealed the presence of alkaloids, cardiac 
glycoside, tannin, saponin, flavonoids and terpenoids. A total of fourteen (14) fungi were isolated 
from pearl millet grains using standard microbiological method. These include: Aspergillus flavus, 
Aspergillus niger, Aspergillus oryzae, Aspergillus fumigatus, Penicillum frequentans, Penicillum 
chrysogenum, Penicillum italicum, Penicillum oxallicum, Fusarium oxysporum, Fusarium 
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subglutinans, Trichoderma harzanium, Beauveria bassiana, Mucor mucedo, Saccharomyces 
cerevisiae. The antifungal activities of Z. officinale root extracts on fungal isolates from deteriorating 
pearl millet grains were carried out using agar well diffusion technique. Findings from the study 
revealed that Z. officianalis extracts demonstrated a varying degree of antifungal activity against the 
fungal isolates from pearl millet grains. Methanollic extract of Z. officinale displayed the highest 
antifungal activity against the isolates compared to aqueous and acetone extracts. The result of the 
commercial antifungal agents revealed the great effectiveness of fluconazole over griseofulvin in the 
control of mycotoxigenic fungi associated with the deterioration of pearl millet grains. In light of these 
findings, Z.  officianalis extracts can be employed in the control of mycotoxigenic fungi associated 
with the deterioration of Pearl millet grains and  can also be developed fully into a biocontrol agent 
upon purification and used in the control of mycotoxigenic fungi associated with the infection of 
cereal grains. 
 

 
Keywords: Zingiber officinale; mycotoxigenic; Pennisetum glaucum; antifungal; extracts; 

phytochemical. 
 

1. INTRODUCTION 
 

1.1 Mycotoxigenic Fungi 
 
Mycotoxigenic fungi are the species of fungi that 
have the ability to produce mycotoxins. Among 
these are the genera Aspergillus, Fusarium, and 
Penicillium [1]. Mycotoxin-producing moulds 
species are extremely common, and they can 
grow on a wide range of substrates under a wide 
range of environmental conditions. The degree of 
contamination is based on a number of factors 
like weather, temperature of storage and 
moisture content of the grain [2]. An early and 
brisk detection of mycotoxin producing moulds in 
foods is important, so that the level of 
contamination of food materials can be reduced 
to the barest minimal which ultimately secures 
food for human and animal consumption and 
prevent wastage [3]. 
 

1.2 Mycotoxins 
 
Mycotoxins are toxic secondary metabolites 
produced by some fungi. They have been 
implicated in degradation of quality in many 
agricultural products especially cereals. 
Mycotoxins have also been reported by many 
researchers to cause diseases in humans and 
animals [4,5]. Nearly all mycotoxins are cytotoxic, 
disrupting various cellular structures such as 
membranes, and interfering with vital cellular 
processes such as protein, RNA and DNA 
synthesis [6]. Furthermore, they are also toxic to 
the cells of higher plants and animals, including 
humans. Toxigenic moulds vary in their 
mycotoxin production depending on the substrate 
on which they grow [7]. There are eight (8) 
groups of mycotoxins found frequently in foods; 
they include aflatoxin, ochratoxin, fumonisin, 

zeralenone, deoxynivalenol, T-2 toxin, 
trichothecenes and the ergot alkaloids [8]. Three 
groups of mycotoxigenic fungi have been 
reported to produce the bulk of these mycotoxin; 
they are the Penicillium spp, Fusarium spp and 
the Aspergillus spp. [9]. The species of the 
Aspergillus and Penicillium genus are the ones 
that proliferate easier in stored grain [10]. 
 

1.3 Antimicrobial Activity of Ginger 
(Zingiber officianale (Roscoe) 

 

Zingiber officinale (Roscoe) is a flowering plant in 
the family Zingiberaceae whose root, is widely 
used as a spice or a medicine. Ginger is 
indigenous to southern China, other parts of Asia 
and subsequently to West Africa and the 
Caribbean Kim et al. [11]. Ginger is often cooked 
as an ingredient in many dishes. They are 
consumed worldwide as flavouring agent which 
is used extensively in food, beverage, and 
confectionary industries in the products such as 
marmalade, pickles, chutney, ginger beer, ginger 
wine, liquors, and other bakery products Wang et 
al. [12]. It has a number of essential nutrients 
such as mineral manganese, vitamins, proteins, 
energy and so on and so forth. Ginger has been 
used in the treatment of stomach upset, nausea, 
vomiting, sea sickness and chemotherapy 
Hassan et al. [13]. The essential oil from the 
ginger root is applied topically as a pain reliever 
Bhargava et al. [14].  
 

In addition, it has been reported that the main 
ingredients of ginger like volatile oil, gingerol, 
shogaol and diarylheptanoids work as 
antioxidant, anti-inflammatory, anti-lipid, anti-
diabetic, analgesic, antipyretic and anti-tumor 
Sasidharan and Nirmala, [15]. Reports have 
shown that Zingiber officianle has incredible 
antimicrobial properties. Sebiomo et al. [16] and 
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Hassan et al. [13] reported that Zingiber 
officianale showed antibacterial properties 
against Staphylococcus aureus, Klesbiella spp, 
Enterococcus spp, Pseudomonas spp and 
antifungal properties were equally shown in 
Candida albicans. Ponmurugan and 
Shyamkumar [17] also found that Zingiber 
officianale showed antibacterial properties in 
Enterobacter spp. The antimicrobial activities 
possessed by Zingiber officianale makes it 
suitable for the preservation of food and 
prevention of spoilage by food spoilage 
microorganisms.  
 
The objectives of this research are to isolate, 
characterise mycotoxigenic fungi on deteriorating 
pearl millet (Pennisetum glaucum) grains and 
determine the antifungal effects of ginger 
(Zingiber officinale) root extracts on the 
mycotoxigenic fungal isolates. 
 

2. MATERIALS AND METHODS 
 

2.1 Collection of Samples (Pearl Millet 
Grains and Z. Officinale [Roscoe] 
Root) 

 
Eighty samples of Pearl millet grains were 
collected from hawkers at Akure main market, 
Ondo state. The millet grains were stored at 30 ± 
2°C in an atmosphere of low relative humidity 
with a moisture content of 10%. The samples 
were analysed at the Postgraduate Microbiology 
Laboratory of The Federal University of 
Technology, Akure, Ondo state. 

 
A basket of ginger roots was collected from Sabo 
market in Akure metropolis. The roots were 
washed and dried at room temperature (25 ± 
2°C) for fourteen (14) days. The roots were then 
pulverised using a high speed Rico grinder (FP-
101 model). 
 

2.2 Extraction of Plant Materials 
 
2.2.1 Methanolic, acetone and aqueous 

extractions 

 
Five hundred grams (500 g) of the crushed 
ginger roots were soaked separately in 500 mL 
of methanol, water and acetone in a sterile 
container. The mixtures was rocked gently to 
form a homogeneous suspension and allowed to 
stand for three (3) days. The mixtures were 
filtered through a sterile muslin cloth followed by 
the Whatman filter paper. The filtrates were then 

evaporated to dryness using a rotary evaporator. 
Phytochemical screening was carried out on all 
the Z. officinale extracts to determine the active 
principles in them following the procedures of 
Owoyemi and Oladunmoye [18]. 
 
2.3 Isolation of Mycotoxigenic Fungal 

Isolates 
 
The Pearl millet grains collected from Akure main 
market, Ondo state were examined on a weekly 
basis for the first four weeks, and every two 
weeks until the tenth week using direct plating 
(pour plate) technique in potato dextrose agar. 
The grains were surface sterilised in 2.5% 
sodium hypochlorate and crushed in a mortar 
using a pestle. One gram (1 g) of the crushed 
millet was aseptically weighed and put into 9 ml 
of sterile distilled water. The serial dilution of the 
crushed grains was done using a dilution factor 
of 10

3
. One millilitre (1 ml) of the diluted mixture 

was transferred into sterile Petri dishes for each 
dilution factor. Twenty millilitres (20 ml) of 
sterilised agar was added to the Petri dishes 
containing the samples. The samples were 
incubated at 25°C for five (5) days according to 
the methods of Wangara et al. [19].  
 

2.4 Identification and Characterisation of 
Mycotoxigenic Fungal Isolates 

 
The isolated organisms were identified using 
their cultural and morphological characteristics in 
the media. Distinct colonies of isolates that grew 
on the culture plates were observed for their 
cultural and morphological features, this was 
then followed by microscopic examination of the 
mycotoxigenic fungal isolates on the glass slide 
placed under the microscope. The cultural 
features examined included shape, elevation, 
surface edge, consistency, texture, pigmentation 
and reverse pigmentation. Microscopic 
characterisation was done by analysis of 
microscopic morphology. This includes the 
examination of conidia morphology (especially 
septation, shape, size, wall texture and colour), 
the type of conidiogeneous cell (non-specialised 
or hypha like) as described by Pitt, [20]. 
 

2.5 Determination of Antifungal Activities 
of Z. officinale Leaf Extracts on 
Mycotoxigenic Fungal Isolates from 
Pearl Millet Grains 

 
The agar well diffusion method described by 
Abass et al. [21] was employed in the 



 
 
 
 

Ayodele et al.; JAMB, 13(1): 1-11, 2018; Article no.JAMB.44730 
 
 

 
4 
 

determination of the antifungal activities of                  
Z. officinale root extracts on fungal isolates from 
pearl millet grain. 
 

2.6 Determination of Commercial 
Antifungal Agents Activities on 
Fungal Isolates from Pearl Millet 
Grains 

 
The disc diffusion method was employed in the 
determination of the activities of antifungal 
agents. Potatoes dextrose agar medium and 50 
mg/mL of Fluconazole and Griseofulvin were 
used in this study following the procedures of 
Owoyemi and Oladunmoye, 2017 [18]. 

 
3. RESULTS 
 
3.1 Phytochemical Composition of 

Ginger (Zingiber officinale) Roots  
 
Table 1 shows the qualitative phytochemical 
composition of ginger (Zingiber officinale) roots. 
Fig. 1 and 2 shows the quantitative 
phytochemical composition of ginger (Zingiber 
officinale) roots using water, methanol and 
acetone as an extraction solvent. The findings 
revealed the presence of alkaloids in the 
aqueous extract (20.8%), methanolic extract 
(40.0%), and acetone extract (30.7%). Cardiac 
glycoside in aqueous extract (10.7 mg/mL), 
methanolic extract (27.3 mg/mL) and acetone 
extract (12.5 mg/mL). Anthraquinone was 
present in aqueous extract at 1.0 mg/mL, 
methanolic extract (1.8 mg/mL) and in acetone 
extract (1.0 mg/mL). Tannin was present in 
aqueous extract at 0.4 mg/mL, methanolic 
extract (1.5 mg/mL) and acetone extract (1.0 
mg/mL). Phlobotannin was present in aqueous 
extract at 4.7 mg/mL, methanolic extract (7.3 
mg/mL) and acetone extract (2.5 mg/mL). 
Saponin was present in aqueous extract at 19.9 
mg/mL, methanolic extract (40.8 mg/mL) and 
acetone extract (22.0 mg/mL). Flavanoid was 

present in aqueous extract at 10.7 mg/mL, 
methanolic extract (28.8 mg/mL) and acetone 
extract (13.5 mg/mL). Terpernoid was present in 
aqueous extract at 1.2 mg/mL, methanolic   
extract (2.8 mg/mL) and acetone extract (1.4 
mg/mL). 
 

3.2 Antifungal Activities of Ginger 
(Zingiber officinale) Roots Aqueous 
Extracts on Isolated Fungi from 
Pennisetum glaucum during Storage 

 

Aqueous extract of ginger (Zingiber officinale) 
roots displayed low antifungal activities against 
the isolated fungi. No inhibition was observed 
using 0.1 g/ml of the extract against the isolated 
fungi. Aspergillus flavus had zones of inhibition of 
1.37 mm at 0.3 g/ml, 3.07 mm at 0.4 g/ml and 
6.10 mm

 
at 0.5 g/ml of the extract. Aspergillus 

oryzae was also observed to have inhibition 
zones of 2.10 mm at 0.4 g/ml and 5.10 mm at 0.5 
g/ml. The aqueous extract Zingiber officinale 
against A. fumigatus, had no inhibition observed 
at 0.2 g/ml. Zones of inhibition of 2.07 mm was 
observed at 0.3 g/ml, 5.13 mm at 0.4 g/ml and 
7.07 mm at 0.5 g/ml. Penicillium chrysogenum 
had zones of inhibition of 1.13 mm at 0.2 g/ml, 
3.07 mm at 0.3 g/ml, 4.03 mm at 0.4 g/ml and 
6.50 mm at 0.5 g/ml. Penicillium oxalicum also 
had zones of inhibition of 2.17 mm at 0.4 g/ml, 
and 4.10 mm at 0.5 g/ml. Zones of inhibition 
observed in Penicillium italicum were recorded to 
be 1.03 mm at 0.3 g/ml, 3.03 mm at 0.4 g/ml and 
5.07 mm at 0.5 g/ml but, no inhibition was 
observed at 0.2 g/ml. Fusarium oxysporum had 
zones of inhibition 1.10 mm at 0.2 g/ml, 1.07 mm 
at 0.3 g/ml, 4.10 mm at 0.4 g/ml and 6.07 mm at 
0.5 g/ml. F. subglutinans had zones of inhibition 
of 2.47 mm at 0.3 g/ml, 4.73 mm at 0.4 g/ml, 6.63 
mm at 0.5 g/ml. No inhibition was observed at 
0.2 g/ml. Aqueous extract Zingiber officinale 
demonstrated no antifungal property against                     
A. niger, P. frequentans, Beauveria bassiana and 
Trichoderma harzianumn as illustrated in                 
Table 2. 

 

Table 1. Qualitative phytochemical composition of ginger (Zingiber officinale) roots 
 

Bioactive principles Aqueous extracts of 
ginger 

Methanol extracts of 
ginger 

Acetone extracts of 
ginger 

Alkaloids ++ ++ ++ 
Tannins + + + 
Glycosides ++ ++ ++ 
Saponins ++ ++ ++ 
Flavonoids ++ ++ ++ 
Terpenoids + + + 
Phlobatannins + ++ + 

Legend. + = Present, ++= Abundantly present 
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Fig. 1. Quantitative Phytochemical Components of Z. officinale 
 

 
 

Fig. 2. Phytochemical Quantitative Alkaloid Components of Z. officinale 
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Table 2. Antifungal activities of ginger (Zingiber officinale) roots (Aqueous Extract)on fungal 
isolates from Pearl millet grains  

 

Conc. of extract (g/ml) 

Selected isolates 0.1 0.2 0.3 0.4 0.5 

Aspergillus flavus 0.00±0.00
a
 0.00±0.00

a
 1.37±0.07

c
 3.07±0.07

c
 6.10±0.10

d
 

Aspergillus niger 0.00±0.00
a
 0.00±0.00

a
 0.00±0.00

a
 0.00±0.00

a
 0.00±0.00a 

Aspergillus oryzae 0.00±0.00
a
 0.00±0.00

a
 0.00±0.00

a
 2.10±0.06

b
 5.10±0.06

c
 

Aspergillus fumigatus 0.00±0.00
a
 0.00±0.00

a
 2.07±0.07

d
 5.13±0.09

f
 7.07±0.07

f
 

Penicillium frequentans 0.00±0.00
a
 0.00±0.00

a
 0.00±0.00

a
 0.00±0.00

a
 0.00±0.00

a
 

Penicillium chrysogenum 0.00±0.00
a
 1.13±0.09

b
 3.07±0.07

f
 4.03±0.03

d
 6.50±0.12

e
 

Penicillium oxalicum 0.00±0.00
a
 0.00±0.00

a
 0.00±0.00

a
 2.17±0.09

b
 4.10±0.10

b
 

Penicillium italicum 0.00±0.00
a
 0.00±0.00

a
 1.03±0.03

b
 3.03±0.03

c
 5.07±0.03

c
 

Fusarium oxysporum 0.00±0.00
a
 1.10±0.10

b
 1.07±0.07

b
 4.10±0.10

d
 6.07±0.07

d 

Fusarium subglutinans 0.00±0.00
a
 0.00±0.00

a
 2.47±0.03

e
 4.73±0.15

e
 6.63±0.09

e
 

Trichoderma harzianum 0.00±0.00
a 

0.00±0.00
a 

0.00±0.00
a 

0.00±0.00
a 

0.00±0.00
a 

Beauveria bassianna 0.00±0.00
a 

0.00±0.00
a 

0.00±0.00
a 

0.00±0.00
a 

0.00±0.00
a 

Data are presented as Mean±S.E (n=3). Values with the same superscript letter(s) along the same column are 
not significantly different (P<0.05) 

 
Table 3. Antifungal activities of ginger (Zingiber officinale) roots (Methanolic extract) on fungal 

isolates from Pearl millet grains   
 

Conc. of extract (g/ml) 
Selected isolates 0.1 0.2 0.3 0.4 0.5 
Aspergillus flavus 0.00±0.00a 3.03±0.03e 6.17±0.09g 10.50±0.28i 14.17±0.09i 
Aspergillus niger 0.00±0.00

a 
2.13±0.09

d
 3.03±0.03

d
 6.17±0.09

g
 10.20±0.12

h
 

Aspergillus oryzae 0.00±0.00a 1.03±0.03b 4.10±0.06f 6.50±0.06h 8.07±0.07g 
Aspergillus fumigatus 0.00±0.00a 2.50±0.06e 3.03±0.03d 5.10±0.10e 6.07±0.07e 
Penicillium frequentans 0.00±0.00

a 
0.00±0.00

a
 0.00±0.00

a 
0.00±0.00

a 
0.00±0.00

a 

Penicillium chrysogenum 0.00±0.00a 1.40±0.06c 2.03±0.03c 4.10±0.06d 6.07±0.07e 
Penicillium oxalicum 0.00±0.00

a 
0.00±0.00

a 
0.00±0.00

a 
2.10±0.06

b
 4.20±0.12

c
 

Penicillium italicum 0.00±0.00a 0.00±0.00a 0.00±0.00a 2.06±0.06b 3.10±0.06b 
Fusarium oxysporum 0.00±0.00

a 
2.10±0.06

d
 3.47±0.09

e
 5.47±0.15

f
 7.07±0.07

e
 

Fusarium subglutinans 0.00±0.00
a 

0.00±0.00
a 

1.07±0.07
b
 4.07±0.07

d
 5.07±0.07

d
 

Trichoderma harzianum 0.00±0.00a 0.00±0.00a 2.03±0.03c 3.47±0.03c 4.10±0.10c 
Beauveria bassianna 0.00±0.00

a 
0.00±0.00

a 
0.00±0.00

a 
0.00±0.00

a 
0.00±0.00

a 

Data are presented as Mean±S.E (n=3). Values with the same superscript letter(s) along the same column are 
not significantly different (P<0.05) 

 

3.3 Antifungal Activities of Ginger 
(Zingiber officinale) Roots Methanolic 
Extracts on Isolated Fungi from 
Pennisetum glaucum during Storage 

 

Methanolic extract of ginger (Zingiber officinale) 
roots displayed the highest antifungal action 
against the isolated fungi. No inhibition was 
observed using 0.1 g/ml of the extract against the 
isolated fungi. Aspergillus flavus had zones of 
inhibition of 3.03 mm at 0.2 g/ml, 6.17 mm at 0.3 
g/ml, 10.50 mm at 0.4 g/ml and 14.17 mm

 
at 0.5 

g/ml of the extract. Inhibition zones in A. niger 
were 2.13 mm at 0.2 g/ml, 3.03 mm at 0.3 g/ml, 
6.17 mm at 0.4 g/ml and 10.20 mm at 0.5 g/ml. 
A. oryzae was also observed to have inhibition 

zones of 1.03 mm at 0.2 g/ml, 4.10 mm at 0.3 
g/ml, 6.50 mm at 0.4 g/ml and 8.07 mm at 0.5 
g/ml. The methanolic extract Zingiber officinale 
against A. fumigatus, had a moderate inhibition 
of 2.50 mm which was observed at 0.2 g/ml,  
3.03 mm at 0.3 g/ml, 5.10 mm at 0.4 g/ml and 
6.07 mm at 0.5 g/ml. Penicillium chrysogenum 
had zones of inhibition of 1.40 mm at 0.2 g/ml, 
2.03 mm at 0.3 g/ml, 4.10 mm at 0.4 g/ml and 
6.07 mm at 0.5 g/ml. P. oxalicum also had zones 
of inhibition of 2.10 mm at 0.4 g/ml, and 4.20 mm 
at 0.5 g/ml. Zones of inhibition observed in                    
P. italicum were recorded to be 2.06 mm at 0.4 
g/ml and 3.10 mm at 0.5 g/ml No inhibition was 
observed at 0.2 g/ml and 0.3 g/ml. Fusarium 
oxysporum had zones of inhibition 2.10 mm at 
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0.2 g/ml, 3.47 mm at 0.3 g/ml, 5.47 mm at 0.4 
g/ml and 7.07 mm at 0.5 g/ml. F. subglutinans 
had zones of inhibition of 1.07 mm at 0.3 g/ml, 
4.07 mm at 0.4 g/ml, 5.07 mm at 0.5 g/ml. 
Trichoderma harzianum had inhibition zones of 
2.03 mm at 0.3 g/ml, 3.47 mm at 0.4 g/ml and 
4.10 mm at 0.5 g/ml. No inhibition was observed 
at 0.2 g/ml. The extract demonstrated no 
antifungal property against P. frequentans, 
Beauveria bassiana and as shown in Table 3. 
 
3.4 Antifungal Activities of Ginger 

(Zingiber officinale) Roots Acetone 
Extracts on Isolated Fungi from 
Pennisetum glaucum during Storage 

 
Acetone extract of ginger (Zingiber officinale) 
roots displayed a wide spectrum of antimicrobial 
property against the isolated fungi. No inhibition 
was observed using 0.1 g/ml of the extract 
against the isolated fungi. Aspergillus flavus had 
zones of inhibition of 2.20 mm at 0.2 g/ml, 4.07 
mm at 0.3 g/ml, 6.10 mm at 0.4 g/ml and 7.23 
mm

 
at 0.5 g/ml of the extract. Inhibition zones in 

A. niger were 1.53 mm at 0.3 g/ml, 3.17 mm at 
0.4 g/ml and 6.10 mm at 0.5 g/ml. A. oryzae was 
also observed to have inhibition zones of 1.03 
mm at 0.2 g/ml, 3.03 mm at 0.3 g/ml, 5.17 mm at 
0.4 g/ml and 7.03 mm at 0.5 g/ml. The acetone 
extract Zingiber officinale  against A. fumigatus, 
had a moderate inhibition of 2.07 mm was 
observed at 0.2 g/ml, 3.07 mm at 0.3 g/ml, 6.13 
mm at 0.4 g/ml and 8.23 mm at 0.5 g/ml. 
Penicillium chrysogenum had zones of inhibition 
of 2.03 mm at 0.3 g/ml, 3.03 mm at 0.4 g/ml and 
5.10 mm at 0.5 g/ml. P. oxalicum also had zones 
of inhibition of 1.03 mm at 0.3 g/ml, 4.10 mm at 

0.4 g/ml, and 5.20 mm at 0.5 g/ml. Zones of 
inhibition observed in P. italicum were recorded 
to be 3.10 mm at 0.3 g/ml, 5.43 mm at 0.4 g/ml 
and 6.23 mm at 0.5 g/ml No inhibition was 
observed at 0.2 g/ml. Fusarium oxysporum had 
zones of inhibition 2.03 mm at 0.3 g/ml, 4.47 mm 
at 0.4 g/ml and 6.03 mm at 0.5 g/ml.                              
F. subglutinans had zones of inhibition of 1.07 
mm at 0.2 g/ml, 1.53 mm at 0.3 g/ml, 2.10 mm at 
0.4 g/ml, 4.07 mm at 0.5 g/ml. Trichoderma 
harzianum had inhibition zones of 1.13 mm at 0.2 
g/ml, 3.07 mm at 0.3 g/ml, 4.23 mm at 0.4 g/ml 
and 7.00 mm at 0.5 g/ml. The extract 
demonstrated no antifungal property against 
Penicillium frequentans, Beauveria bassiana and 
as shown in Table 3. 
 
3.5 Antifungal Activities of Commercial 

Antifungal Agents on Isolated Fungi 
from Pennisetum glaucum during 
Storage 

 
Commercial antifungal agents Fluconazole and 
Griseofulvin were used as control in this study. 
The results indicated that Fluconazole showed a 
higher antifungal capacity on the isolates while 
Griseofulvin demonstrated a relatively weak 
antifungal activity on the isolates. Using 
Fluconazole at 50 mg/mL, 29.4 mm zone of 
inhibition was observed on A. niger, 28.5 mm on 
F. subglutinans, 26.9 mm on T. harzanium and 
25.0 mm on P. frequentans. Using Griseofulvin at 
50 mg/mL, 18.8 mm zone of inhibition was 
observed on B. bassiana, 4.4 mm on                                 
P. chrysogenum, 6.5 mm on A. oryzae and 5.2 
on A. fumigatus as represented in Fig. 3 below. 

 
Table 4. Antifungal activities of Ginger (Zingiber officinale) roots (Acetone extract) on fungal 

isolates from Pearl millet grains  
 

Various conc. of extract (g/ml) 
Selected isolates 0.1 0.2 0.3 0.4 0.5 
Aspergillus flavus 0.00±0.00a 2.20±0.20d 4.07±0.12f 6.10±0.10h 7.23±0.25e 
Aspergillus niger 0.00±0.00

a 
0.00±0.00

a 
1.53±0.06

c
 3.17±0.15

c
 6.10±.17

d
 

Aspergillus oryzae 0.00±0.00
a 

1.03±0.06
b
 3.03±0.12

e
 5.17±0.21

f
 7.03±0.06

e
 

Aspergillus fumigatus 0.00±0.00a 2.07±0.12d 3.07±0.12e 6.13±0.12h 8.23±0.25f 
Penicillium frequentans 0.00±0.00

a 
0.00±0.00

a 
0.00±0.00

a 
0.00±0.00

a 
0.00±0.00

a 

Penicillium chrysogenum 0.00±0.00a 0.00±0.00a 2.03±0.06d 3.03±0.06c 5.10±0.17c 
Penicillium oxalicum 0.00±0.00

a 
0.00±0.00

a 
1.03±0.06

b
 4.10±0.17

d
 5.20±0.26

c
 

Penicillium italicum 0.00±0.00
a 

1.53±0.06
c
 3.10±0.17

e
 5.43±0.21

g
 6.23±0.25

d
 

Fusarium oxysporum 0.00±0.00a 0.00±0.00a 2.03±0.06d 4.47±0.06e 6.03±0.06d 
Fusarium subglutinans 0.00±0.00

a 
1.07±0.12

b
 1.53±0.06

c
 2.10±0.10

b
 4.07±0.12

b
 

Trichoderma harzianum 0.00±0.00a 1.13±0.06b 3.07±0.12e 4.23±0.21d 7.00±0.00e 
Beauveria bassianna 0.00±0.00

a 
0.00±0.00

a 
0.00±0.00

a 
0.00±0.00

a 
0.00±0.00

a 

Data are presented as Mean±S.E (n=3). Values with the same superscript letter(s) along the same column are 
not significantly different 
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Fig. 3. Antifungal activities of Commercial Antifungal agents on isolated fungi from 

Pennisetum glaucum during storage 
 

4. DISCUSSION 
 
The phytochemical compostition and antifungal 
activities of aqueous, methanolic and acetone 
extracts of Zingiber officinale on mycotoxigenic 
fungi isolated from deteriorating Pearl millets 
grains were evaluated in this study. A total of 
twelve (12) mycotoxigenic fungi were isolated 
from the Pearl millet grains which include: 
Aspergillus flavus, Aspergillus niger, Aspergillus 
oryzae, Aspergillus fumigatus, Penicillum 
frequentans, Penicillum chrysogenum, Penicillum 
italicum, Penicillum oxallicum, Fusarium 
oxysporum, Fusarium subglutinanas, 
Trichoderma harzanium, and Beauveria 
bassiana. Moulds are generously endowed with 
proteolytic and lipolytic enzymes and therefore, 
can cause softening of food products. They 
change the appearance of food and also cause 
off flavour developments in them [22]. Aspergillus 
spp, Penicillium spp and Fusarium spp have 
been reported worldwide as known mycotoxin 
producers [23,1,24]. Their presence in foods 
suggests potential mycotoxin contamination. 
Mycotoxins are heat stable and when consumed, 
they may result in food intoxication despite 
undergoing heat treatment. The main toxic 
effects of mycotoxin ingestion in humans and 
animals are carcinogenicity, genotoxicity, 
teratogenicity, nephrotoxicity, hepatotoxicity, 
reproductive disorders and immunosuppression 
[25,26]. Beauveria bassiana isolated from this 
study is not a regular contaminant of cereal 
grain, but mostly found in soil. Hence, its 

presence in the pearl millet (Pennisetum 
glaucum) grains is an indication of improper 
handling by the farmers and marketers leading to 
contact with soils which habour the organism. 
 
Phytochemical screening of Z. officinale roots 
revealed the presence of tannin, cardiac 
glycosides, saponins, flavonoids alkaloids and 
phlobatanins, this is in agreement with the 
findings of Bhargava et al. [14]. In particular the 
saponins, flavonoids, cardiac glycosides and 
alkaloids were detected in rich fractions while 
tannins and terpernoids were present in small 
fractions of ginger extracts evaluated in this 
study. Z. officinale present such potential of high 
antifungal activities against the fungal test 
organisms isolated from deteriorating pearl millet 
grains. In this study, the aqueous extracts of                 
Z. officinale showed low inhibitory activities 
against the fungal isolates. However, moderate 
inhibitory capacity was observed for the following 
microorganisms: A. fumigatus, P. chrysogenum 
and F. subglutinans. with inhibition zones of 7.07 
mm, 6.50 mm and 6.63 mm using 0.5 g/ml of the 
extract. The methanolic extracts of Z. officinale 
roots exhibited good antifungal activities on A. 
flavus with inhibition zones of 14.17 mm and 7.23 
mm respectively using 0.5 g/ml of the extract and 
this agrees with the findings of Mostafa et al. [27] 
and Sharma et al. [28]. Methanolic and acetone 
extracts were also effective as they displayed 
good antifungal activities against A. niger with 
inhibition zones of 10.20 mm and 6.02 mm using 
0.5 g/ml of the extract, this finding corroborates 
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the submission of Bansod and Rai [29]. 
Methanolic extracts of Z. officinale also displayed 
antifungal capacities towards A. oryzae, A. 
fumigatus, F. oxysporum, P. chrysogenum with 
inhibition zones of 8.07 mm, 6.07 mm, 7.07 mm 
and 6.07 mm at 0.5 g/ml respectively. This 
disagrees with the findings of Jadon and Dixit 
[30] who reported that Z. officinale demonstrated 
no antifungal property against P. chrysogenum. 
Acetone extracts of Z. officinale showed a 
significant inhibitory capacity towards                      
T. harzanium, A. fumigatus, A. oryzae and A. 
flavus. No inhibitory activity was displayed using 
0.1 g/ml of all three extracts; low inhibitory 
actions were experienced using 0.2 g/ml, 0.3 
g/ml and 0.4 g/ml of the extracts. The most 
remarkable and significant antifungal activities of 
Z. officinale was observed at the concentration of 
0.5 g/ml of the extracts on the isolates. The 
growths of P. frequentans and Beauveria 
bassiana were not inhibited having used all the 
three distinct extracts of Z. officinale. Methanolic 
extracts of Z. officinale displayed a higher 
antifungal activity compared with aqueous and 
acetone extracts, the credit of methanolic 
extraction could be due to the fact that methanol 
is an organic solvent that will dissolve organic 
compound better; hence, librates the active 
component required for antimicrobial activity [18]. 
The low antifungal activity observed in the 
aqueous extraction could be due to low liberation 
of the active constituents of the plant materials 
considering the extraction solvent. This reveals 
that the solvent of extraction affects the degree 
of antifungal activity of the extracts. In all, 
methanolic extract of ginger (Zingiber officinale) 
demonstrated the highest antimicrobial property 
on the isolates. It is noteworthy that the 
antifungal activities of plants are dependent on 
the concentration of the extract. Commercial 
antifungal agents (griseofulvin and fluconazole) 
activities on the fungal isolates were investigated 
in the study. Findings revealed that fluconazole 
exhibited a good antifungal activities against the 
test isolated fungi compared to griseofulvin as 
illustrated in Fig. 2. In comparison between the 
antifungal activities of Z. officinale extracts and 
the commercial antifungal agents, the latter 
produced a better result. However, the antifungal 
activities of the former can be improved upon by 
purification of the extracts. 
 

5. CONCLUSION 
 
This study clearly indicated that Aspergillus spp, 
Penicillium spp and Fusarium spp were 
predominant mycotoxigenic fungal contaminants 

of Pearl millet grains. Methanolic and Acetone 
extracts of Ginger (Zingiber officinale) roots 
possess good antifungal activity against 
Aspergillus flavus, A. oryzae, A. fumigatus, 
Penicillium italicum, P. chrysogenum,                         
P. oxalicum, Fusarium oxysporum, F. 
subglutinans, Trichoderma harzianum. This 
confirms the presence of bioactive compounds 
such as alkaloids, tannins, flavanoids, and 
saponins which when purified can be used as a 
biocontrol agent in the prevention of deterioration 
in agricultural products and could also be 
explored as a therapeutic agent in the control of 
mycotoxigenic fungi associated diseases in 
humans. 

 
In vivo assessment at other concentrations, 
using other microorganisms will be helpful in 
determining the full potential of this plant in the 
control of pathogenic and toxigenic 
microorganisms. 
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