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ABSTRACT

Purpose: The present research was conducted to determine the fungitoxic effect of ethanol and cold water extracts of Ocimum 
gratissimum, Zingiber officinale and Cymbopogon citratus in vitro on causative agents of soursop fruit. 

Materials and Methods: The microbial pathogens obtained from the bark of soursop fruits were Rhizoctonia spp, Botryodiplodia 
theobromae, Corticinium salmonicolor and Penicillium spp.  Ethanol and cold water extracts of the plants were prepared by adding 
separately 25g, 50g, 75g and 100g of the leaf powder of Ocimum gratissimum, Cymbopogon citratus and rhizome powder of Zingiber 
officinale into 100ml of ethanol and cold water respectively. 

Results: The percentage occurrence of Rhizoctonia spp was the highest (50%) while that of Penicillium spp was the lowest (10%). 
The pathogenicity test of fungal isolates on healthy soursop fruits revealed that Rhizoctonia spp showed highest infection diameter 
of 35.0 + 6.25mm followed by Botryodiplodia theobromae with infection diameter of 30.0 + 5.33mm while Penicillium spp gave the 
least infection diameter of 20.0 + 4.52mm. 

Discussion: The plant extracts of Ocimum gratissimum, Zingiber officinale and Cymbopogon citratus in both aqueous and ethanol 
exhibited inhibitory activity against the isolated fungi. The activity of the plant extract in ethanol solvent increased with concentrations 
of the extract but varied in aqueous solvent. The highest activity of lemongrass was observed in aqueous solvent while that of scent 
leaf was observed in ethanol solvent. The susceptibility of fungal isolates was found to vary significantly with type of extract and with 
solvent of extraction.

Conclusion: This study indicated that Ocimum gratissimum, Zingiber officinale and Cymbopogon citratus were able to suppress rot-
causing fungi of soursop fruits.
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INTRODUCTION

Soursop (Annona muricata L.) belongs to the family 
Annonaceae and indigenous to tropical North and 
South America.[1] In Nigeria, the plant is restricted to 

the rainforest zones of Nigeria and cultivated mainly in home 
gardens in Abia, Imo, Enugu, Rivers, Ebonyi, and Anambra 

and Delta States. Soursop tree is a small straggly fruit tree 
growing up to 8 m high.[2] The flesh is pulpy white, stringy 
and sour containing shiny black seeds.[3]

Besides serving as a source of food, soursop has many 
therapeutic properties; the juice is diuretic while the other 
parts have antibacterial, anticancerous, astringent, sedative, 
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and other properties.[4] The leaves had been traditionally used 
to treat headaches, hypertension, cough, asthma and used as 
antispasmodic, sedative, and nervine for heart condition.[5,6]

Meanwhile, there is evidence from earlier works that several 
plant species possess antifungal and antibacterial properties.[7-12] 
The extracts of Ocimum gratissimum has been reported to have 
antimicrobial properties.[13,14] Similar studies by[15] also reported 
that an extract of O. gratissimum significantly reduced radial 
(mycelia) growth of Pythium aphanidermatum. Lemongrass 
(Cymbopogon citratus L.) oil has also been reported to show 
antifungal activities against several plant pathogens while 
Zingiber officinale was reported to significantly control fungal 
rot pathogens of yam[16] and also in the control of microorganisms 
causing deterioration of yam chips over Vernonia amygdalina 
in vitro.[17] Moreso, application of extracts of Z. officinale have 
been reported to inhibit the mycelial growth and sporulation of 
Colletotrichum capcici (in vitro) the causal organism of brown 
blotch disease of cowpea.[18]

This study investigated the antifungal properties of leaf 
extracts of O. gratissimum, Z. officinale, and C. citratus 
against some spoilage fungi responsible for the deterioration 
of soursop fruit.

MATERIALS AND METHODS

Location
This study took place at the Plant Pathology Laboratory of 
National Root Crops Research Institute, Umudike, Abia 
State. Umudike is located on Latitude 5° 29’ N and Longitude 
7o 33’ E in the rainforest zone of Nigeria.

Collection of plant samples
Soursops (A. muricata) with symptoms of post-harvest rot 
were bought from the markets in Umudike, Abia State in 
Nigeria. Fresh, healthy soursops were collected from the 
same market. The leaves of O. gratissimum and C. citratus 
were collected from farmland in Umudike, Abia State while 
fresh rhizomes of Z. officinale were purchased from Central 
Market Umuahia, Abia State. The botanical identities of the 
plants were authenticated in the Herbarium, Department of 
Botany, University of Agriculture, Umudike, Abia State.

Preparation of culture media
The culture media that were used for fungal growth and 
maintenance is potato dextrose agar (PDA). The PDA was 
prepared according to manufacturer’s recommendation by 
dissolving 39 g of PDA powder in 1 L of distilled water in a 
1000 ml round bottom flask. It was swirled and boiled to melt 
in a heater. It was sterilized with an autoclave at a temperature 
of 121°C for 15 min. The medium was allowed to cool to 
47°C after which was poured into sterile plates (Petri dishes) 
and allowed to solidify.

Isolation of fungi from rotten soursops
The Petri dishes were inoculated with soursop samples by 
cutting sections of approximately 4 mm pieces from the 
tissue at the junction between a healthy and infected portion 
of soursops with the surface sterilized blade. They were 
surface sterilized (to remove surface contaminants) in 70% 
ethanol and then rinsed twice (1 min each) in sterile distilled 
water. The cut pieces of soursops were placed on sterile paper 
towels in a Laminar Airflow Hood Chamber for 10 min to 
dry and then placed onto PDA. The plates were incubated at 
25°C for 4 days and then examined daily for the development 
of fungi growth. All plates were replicated.

Sub culturing/purification and identification of test 
fungi pathogens
When growth has established, subcultures were prepared 
using inoculate from different organisms in the mixed cultures 
to obtain a pure culture. This was done by transferring hyphal 
tips from the colony edge of the mixed cultures to fresh plates 
of PDA using flamed sterilized blades. After sub-culturing, 
the plates were incubated at 25°C until pure cultures were 
obtained. The Petri dishes of pure cultures of the test fungi 
were then sealed with paraffin to prevent contamination. The 
resulting pure cultures were used for characterization, and 
subsequent identification of the fungi isolates with the aid of 
a compound microscope and identification guides.[19,20]

Pathogenicity test
Fresh, healthy soursops were washed with sterile distilled 
water twice. Thereafter, the fruits were sterilized with 70% 
ethanol and washed with sterile water. The washed fruits 
were placed on sterile paper towels and allowed to dry for 
12 min in a laminar airflow hood. A sterile 5mm cork borer 
was used to bore holes in the healthy soursops. The parts of 
the soursops which were bored out at each point were kept in 
sterile dishes. An agar block measuring 4mm by 4mm from 
growing cultures of each test isolates (pure cultures) was 
inoculated into the hole made with the aid of another cork 
borer (4 mm diameter). After inoculation, the parts of the 
fruit bored out were carefully replaced and sealed with sterile 
blue seal Vaseline to prevent contamination and labeled 
accordingly. A control experiment which had no isolate was 
set up (inoculated with agar plug alone). After inoculating the 
entire test isolates into their respective healthy soursops, all 
the soursops were incubated in a moisture chamber at 25°C 
for 5 days. The fruits were examined daily for evidence of rot 
such as softening, discoloration n, and offensive odor. At the 
end of the 5 days incubation period, the fruits were cut open 
to expose inner regions of the fruits which were examined 
for rot. The length and girth of the rotted area and those of 
the entire fruits were measured with a transparent ruler and 
recorded.

Preparation of plant extracts
The fresh leaves of O. gratissimum, C. citratus, and rhizome 
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of Z. officinale and were thoroughly washed with tap water 
and then with sterile distilled water and were sundried for 
5 days for milling. The dried samples were separately ground 
in a Laboratory Mill (Thomas Wiley model ED-5 made in the 
USA) after which the ground samples were sieved to obtain 
powdered processed sample used for extraction. Using cold 
solvent extraction method,[21-23] 25 g, 50 g, 75 g, and 100 g 
portions of each processed samples were mixed with 100 ml 
of each solvent (aqueous and ethanol) separately in a bottle to 
produce 25%, 50%, 75%, and 100% extract concentrations, 
respectively. The extracts were sieved through with four 
layers of sterile cheesecloth and stored in sterile conical 
flasks which were later used for mycelia growth inhibition.

Effect of plant extracts on fungal growth
Effect of plant extract on mycelia growth with test fungi was 
studied using food poisoning techniques.[24] 1 ml of each 
plant extract concentrations (25%, 50%, 75%, and 100%) 
was dispensed per Petri dish, and 9 ml of the media (molten 
PDA) was added to each of the Petri dish containing extract 
and carefully spread evenly over the plate. These were used 
for inhibition of mycelial growth. The plates were gently 
rotated to ensure even dispersion of the extracts. The agar 
extract mixture was allowed to solidify and then inoculated 
at the center with a 4mm diameter mycelia disc obtained 
from the colony edge of 7-day-old pure cultures of test fungi. 
Each treatment was duplicated. The control set up consists of 
blank agar plate (no extract) inoculated with the test fungi as 
described above. All the plates were incubated at 27 ± 2°C 
for 5 days and examined daily for growth and presence of 
inhibition. Colony diameter was taken as the mean growth 
along two directions on two pre-drawn perpendicular lines on 
the reverse side of the plates. The effectiveness of the extract 
was recorded in terms of percentage inhibition, which was 
calculated according to the method described by.[25]

×Percentage inhibit R1-R2 100
R

o  
1

i n =

Where: R1: Radial distance of pathogen in control plates and 
R2: Radial distance of pathogen in extract incorporated agar 
plates.

The percentage of inhibition was determined as a guide for 
selecting the minimum inhibitory concentration that will 
be effective in controlling rot-causing fungi. Extracts were 
rated for their inhibitory effects using the scale described by 
Sangoyoni;[24] 0% inhibition: Not effective, >0–20%: Slightly 
effective, >20–50%: Moderately effective, >50–<100%: 
Effective, and 100% inhibition: Highly effective.

Statistical analysis
Data were analyzed using analysis of variance through Statistical 
Analysis System of Version 9.1 and means of treatment were 
compared using Duncan multiple range test at P < 0.05.

RESULTS

Percentage occurrence of fungal isolates 
associated with rot of soursop fruits
Fungal isolates associated with deterioration of A. muricata 
(soursop) fruits were Rhizoctonia spp., B. theobromae, 
Corticium salmonicolor, and Penicillium spp. The results 
depicted that Rhizoctonia spp. was the most prevalent (50%), 
while the least prevalent was Penicillium spp. (10%) [Table 1].

Pathogenicity test
The pathogenicity test of fungal isolates on healthy 
A. muricata (soursop) fruit revealed that Rhizoctonia spp. was 
the most virulent with infection diameter of 35.0 ± 6.25 mm 
followed by B. theobromae with infection diameter of 30.0 
± 5.33 mm while Penicillium spp. gave the least infection 
diameter of 20.0 ± 4.52 mm [Table 2].

Comparison of the antifungal activity of plant 
extracts
At 25% concentration, the results revealed that scent 
leaf had the highest antifungal activity than other plant 
extracts with percentage inhibition of 77.50 ± 0.057% for 
Rhizoctonia spp., 87.50 ± 0.141% for B. theobromae, 80.00 
± 0.170% for Penicillium spp., and 75.00 ± 0.014% for 
C. salmonicolor while lemongrass showed lowest antifungal 
activity against the fungal isolates with percentage inhibition 
of 12.50 ± 0.042% for Rhizoctonia spp., 2.00 ± 0.000% for 
B. theobromae, 16.67 ± 0.000% for Penicillium spp., and 
2.00 ± 0.000% for C. salmonicolor. The inhibition of all the 
isolates showed a significant difference at P < 0.05 [Table 3].

At 50% concentration, the results revealed that scent leaf 
showed highest antifungal activity than other plant extracts with 

Table 1: Percentage frequency of fungi isolated from 
soursop rot

Species of fungi Frequency (%)
1 Botryodiplodia theobromae 30

2 Corticium salmonicolor 25

3 Penicillium spp. 10

4 Rhizoctonia spp. 50

Table 2: Pathogenicity test of fungal isolates on 
soursop rot

Species of fungi Infection 
diameter (mm)

1 Botryodiplodia theobromae 30.0±5.33

2 Corticium salmonicolor 25.0±5.21

3 Penicillium spp. 20.0±4.52

4 Rhizoctonia spp. 35.0±6.25
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complete inhibition of Rhizoctonia spp., Penicillium spp., and 
C. salmonicolor and a percentage inhibition of 95.00 ± 0.000% 
for B. theobromae while lemongrass showed lowest antifungal 
activity against the fungal isolates with percentage inhibition 
of 17.50 ± 0.014% for Rhizoctonia spp., 5.00 ± 0.283% for 
B. theobromae, 5.00 ± 0.283% for Penicillium spp., and 2.00 
± 0.000% for C. salmonicolor. The inhibition of all the isolates 
showed a significant difference at P < 0.05 [Table 4].

At 75% concentration, the results revealed that scent leaf 
showed highest antifungal activity than other plant extracts 
with complete inhibition of all fungal isolates. Lemongrass 
showed lowest antifungal activity against Rhizoctonia spp. 
(22.50 ± 0.014), Penicillium spp. (58.33 ± 0.042), and 
C. salmonicolor (2.00 ± 0.000). The inhibition of all the 
isolates showed a significant difference at P < 0.05 [Table 5].

At 100% concentration, the results revealed that scent leaf 
showed highest antifungal activity than other plant extracts 
with complete inhibition of all fungal isolates. Lemongrass 
showed lowest antifungal activity against B. theobromae 

(12.50 ± 0.042), Penicillium spp. (75.00 ± 0.198), and 
C. salmonicolor (20.00 ± 0.057). The inhibition of all the 
isolates showed a significant difference at P < 0.05 [Table 6].

At 25% concentration, the results revealed that lemongrass 
showed highest antifungal activity than other extracts 
against Rhizoctonia spp. (5.00 ± 0.467), Penicillium spp. 
(66.67 ± 0.071), and C. salmonicolor (73.33 ± 0.014). Scent 
leaf showed lowest antifungal activity against Penicillium 
spp. (25.00 ± 0.467) and C. salmonicolor (2.00 ± 0.000) 
while ginger extract showed the highest antifungal activity 
against B. theobromae (2.50 ± 0.014). The inhibition of 
all the isolates showed a significant difference at P < 0.05 
[Table 7].

Results of the antifungal activities at 50% concentration 
revealed that lemongrass showed the highest antifungal 
activity than other extracts against Rhizoctonia spp. (62.50 
± 0.283), B. theobromae (70.00 ± 0.141), Penicillium spp. 
(66.67 ± 0.028), and C. salmonicolor (80.00 ± 0.028). Scent 

Table 3: Antifungal activity of ethanol extracts of Ocimum gratissimum, Zingiber officinale, and Cymbopogon 
citratus against fungi isolates at 25% concentrations

Plant extract Fungal isolates
Rhizoctonia spp. B. theobromae Penicillium spp. C. salmonicolor

Ginger 25.00±0.707b 2.50±0.028b 50.00±0.311b 16.67±0.000b

Scent leaf 77.50±0.057a 87.50±0.141a 80.00±0.170a 75.00±0.014a

Lemongrass 12.50±0.042c 2.00±0.000c 16.67±0.000c 2.00±0.000c

Values in same column with same superscript are not significantly different (P<0.05) DMRT. B. theobromae: Botryodiplodia theobromae, 
C. salmonicolor: Corticium salmonicolor

Table 4: Antifungal activity of ethanol extracts of Ocimum gratissimum, Zingiber officinale, and Cymbopogon 
citratus against fungi isolates at 50% concentrations

Plant extract Fungal isolates
Rhizoctonia spp. B. theobromae Penicillium spp. C. salmonicolor

Ginger 25.00±0.141a 5.00±0.424b 75.00±1.697a 16.67±0.014a

Scent leaf ‑ 95.00±0.000a ‑ ‑

Lemongrass 17.50±0.014b 5.00±0.283b 5.00±0.283b 2.00±0.000b

Values in the same column with the same superscript are not significantly different (P<0.05) DMRT. B. theobromae: Botryodiplodia 
theobromae, C. salmonicolor: Corticium salmonicolor, DMRT: Duncan’s multiple range test

Table 5: Antifungal activity of ethanol extracts of Ocimum gratissimum, Zingiber officinale, and Cymbopogon 
citratus against fungi isolates at 75% concentrations

Plant extract Fungal isolates
Rhizoctonia spp. B. theobromae Penicillium spp. C.salmonicolor

Ginger 25.00±0.424a 2.50±0.028b 75.00±0.820a 25.15±0.537a

Scent leaf ‑ ‑ ‑ ‑

Lemongrass 22.50±0.014b 7.50±0.000a 58.33±0.042b 2.00±0.000b

Values in the same column with the same superscript are not significantly different (P<0.05) DMRT. B. theobromae: Botryodiplodia 
theobromae, C. salmonicolor: Corticium salmonicolor, DMRT: Duncan’s multiple range test
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leaf showed lowest antifungal activity against B. theobromae 
(2.00 ± 0.000) and C. salmonicolor (25.00 ± 0.170) while 
ginger extract showed lowest antifungal activity against 
Penicillium spp. (45.00 ± 0.042). The inhibition of all the 
isolates showed a significant difference at P < 0.05 [Table 8].

At 75% concentration, it was revealed that ginger extract 
showed the highest antifungal activity than other extracts 
against Rhizoctonia spp. and B. theobromae while 
lemongrass showed highest antifungal activity against 
Penicillium spp. (80.00 ± 0.141) and C. salmonicolor (93.33 
± 0.467). Scent leaf showed lowest antifungal activity 
against Rhizoctonia spp. (2.00 ± 0.000), B. theobromae 
(2.00 ± 0.001), and C. salmonicolor (60.00 ± 0.028). The 
inhibition of all the isolates showed a significant difference 
at P < 0.05 [Table 9].

At 100% concentration, it was revealed that ginger extract 
showed highest antifungal activity than other extracts against 
Rhizoctonia spp. and B. theobromae while lemongrass 

showed highest antifungal activity against Penicillium spp. 
(86.67 ± 0.014). Scent leaf showed lowest antifungal activity 
against Rhizoctonia spp. (2.00 ± 0.000), B. theobromae (2.00 
± 0.001), and C. salmonicolor (80.00 ± 0.000). The inhibition 
of all the isolates showed a significant difference at P < 0.05 
[Table 10].

DISCUSSION

In general, Annona fruits are susceptible to pathogenic 
attack due to their low pH, high moisture content, and 
nutrient composition. These make them rot and unfit for 
consumption due to the production of mycotoxins.[26] 
This study showed that the fungal isolates associated with 
A. muricata (soursop) fruit rot include Rhizoctonia spp., 
B. theobromae, C. almonicolor, and Penicillium spp. The 
percentage occurrence of Rhizoctonia spp. was the highest 
(50%) while that of Penicillium spp. was the least (10%). 
Rhizoctonia spp. and B. theobromae have been reported to be 
one of the most important fruit rot pathogens in Nigeria.[27]

Table 6: Antifungal activity of ethanol extracts of Ocimum gratissimum, Zingiber officinale, and Cymbopogon 
citratus against fungi isolates at 100% concentrations

Plant extract fungal isolates
Rhizoctonia spp. B. theobromae Penicillium spp. C. salmonicolor

Ginger 12.50±0.156b 24.50±0.410a 80.00±0.028a 66.67±0.071a

Scent leaf ‑ ‑ ‑ ‑

Lemongrass 25.00±0.170a 12.50±0.042b 75.00±0.198b 20.00±0.057b

Values in the same column with the same superscript are not significantly different (P<0.05) DMRT. B. theobromae: Botryodiplodia 
theobromae, C. salmonicolor: Corticium salmonicolor, DMRT: Duncan’s multiple range test

Table 7: Antifungal activity of aqueous extracts of Ocimum gratissimum, Zingiber officinale, and Cymbopogon 
citratus against fungi isolates at 25% concentrations

Plant extract Fungal isolates
Rhizoctonia spp. B. theobromae Penicillium spp. C. salmonicolor

Ginger 2.00±0.000b 2.50±0.014a 45.00±0.778b 46.67±0.014b

scent leaf 2.00±0.000b 2.00±0.000b 25.00±0.467c 2.00±0.000c

Lemongrass 5.00±0.467a 2.00±0.000b 66.67±0.071a 73.33±0.014a

Values in the same column with the same superscript are not significantly different (P<0.05) DMRT. B. theobromae: Botryodiplodia 
theobromae, C. salmonicolor: Corticium salmonicolor, DMRT: Duncan’s multiple range test

Table 8: Antifungal activity of aqueous extracts of Ocimum gratissimum, Zingiber officinale, and Cymbopogon 
citratus against fungi isolates at 50% concentrations.

Plant extract Fungal isolates
Rhizoctonia spp. B. theobromae Penicillium spp. C. salmonicolor

Ginger 2.00±0.000b 5.00±0.467b 45.00±0.042c 46.67±0.000b

Scent Leaf 2.00±0.000b 2.00±0.000c 50.00±1.612b 25.00±0.170c

Lemongrass 62.50±0.283a 70.00±0.141a 66.67±0.028a 80.00±0.028a

Values in the same column with the same superscript are not significantly different (P<0.05) DMRT. B. theobromae: Botryodiplodia 
theobromae, C. salmonicolor: Corticium salmonicolor, DMRT: Duncan’s multiple range test
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The pathogenicity test of fungal isolates on healthy 
A. muricata (soursop) fruit revealed that Rhizoctonia spp. 
reported highest infection diameter of 35.0 ± 6.25 mm 
followed by B. theobromae with infection diameter of 30.0 
± 5.33 mm while Penicillium spp. gave the least infection 
diameter (20.0 ± 4.52 mm). B. theobromae has also been 
associated with the pre-harvest deterioration of soursop.[28]

The plant extracts of ginger, scent leaf, and lemongrass in both 
aqueous and ethanol solvents were shown to exhibit inhibitory 
activity against the isolated fungi. The results of the present 
study support the folkloric usage of the plants extract and 
show that some of the plant extracts possess compounds with 
antimicrobial properties and that can be used as a botanical 
sin the control of rot in soursop fruit. The antifungal of leaf 
extracts O. gratissimum on spore germination and mycelia 
reduction of the most commonly occurring fungal pathogen 
causing soft rot of yam tuber has been demonstrated by Okigbo 
and Ogbonnaya.[27] The use of lemongrass for controlling 
postharvest disease of several fruits has also been reported.[29]

The aqueous extract of lemongrass and ethanol extract of 
scent leaf showed the highest inhibitory activity against the 
fungal isolates when compared to other extracts. Moreover, 
the antifungal activity of the plant extract was found to differ 
significantly with solvent. In ethanol solvent, scent leaf 
extract showed the highest inhibitory activity against the 
fungal isolates for most observation while lemongrass showed 
the lowest activity. In aqueous solvent, the reverse was the 
case as lemongrass extract showed the highest inhibitory 
activity against the fungal isolates for most observation while 
scent leaf extract showed the lowest activity. The difference 
between the activities of plant extract has been explained 

by the quantity of the active compounds.[30] Furthermore 
Siripongvutikorn et al.,[31] have explained that one important 
factor of solvent effectiveness is the active components of 
the plants and that if most of the compounds contained in the 
plants are miscible in water, then an antimicrobial activity 
can be observed.

The result also showed that the inhibitory activity of the 
plant extracts was significantly affected by concentrations of 
the extract. In ethanol extracts, antifungal activity increased 
with increasing concentration of the extract while those of 
aqueous extracts varied. For instance, in scent leaf aqueous 
extract, the inhibitory activity against Penicillium spp. and 
C. salmonicolor increased with the concentration of the 
extract while B. theobromae and Rhizoctonia spp. remained 
insensitive to increasing concentrations of the extract. 
Similarly, an aqueous extract of lemongrass, the highest 
inhibitory activity occurred at 75% concentration instead of 
100%. Although[32] explain that the activity of plant extracts 
increases with concentration of extract due to a higher 
quantity of active ingredients,[33] studies have shown that in 
water, concentration may have variable effect. According to 
Afolayan and Aliero[33] this is because water is considered to 
have large dipole molecules and a high dielectric constant, 
making it very polar and only miscible in itself. This is 
based on the compounds’ miscibility in water, some extract 
will have antimicrobial action and some will not, even with 
higher concentrations.

CONCLUSION AND 
RECOMMENDATIONS

Table 9: Antifungal activity of aqueous extracts of Ocimum gratissimum, Zingiber officinale, and Cymbopogon 
citratus against fungi isolates at 75% concentrations.

Plant extract Fungal isolates
Rhizoctonia spp. B. theobromae Penicillium spp. C. salmonicolor

Ginger ‑ ‑ 60.00±0.042c 86.67±0.042b

scent leaf 2.00±0.000b 2.00±0.001b 65.00±0.156b 60.00±0.028c

Lemongrass 75.00±1.697a 80.00±0.028a 80.00±0.141a 93.33±0.467a

Values in the same column with the same superscript are not significantly different (P<0.05) DMRT. B. theobromae: Botryodiplodia 
theobromae, C. salmonicolor: Corticium salmonicolor, DMRT: Duncan’s multiple range test

Table 10: Antifungal activity of aqueous extracts of Ocimum gratissimum, Zingiber officinale, and Cymbopogon 
citratus against fungi isolates at 100% concentrations

Plant extract Fungal isolates
Rhizoctonia spp. B. theobromae Penicillium spp. C. salmonicolor

Ginger ‑ ‑ 75.00±0.000c ‑

Scent leaf 2.00±0.000b 2.00±0.000b 80.00±0.141b 80.00±0.000

Lemongrass 75.00±0.820a 87.50±0.000a 86.67±0.014a ‑
Values in the same column with the same superscript are not significantly different (P<0.05) DMRT. B. theobromae: Botryodiplodia 
theobromae, C. salmonicolor: Corticinium salmonicolor, DMRT: Duncan’s multiple range test
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Results of this investigation have identified Rhizoctonia 
spp., B. theobromae, C. salmonicolor, and Penicillium spp. 
as fungi associated with rot of soursop fruit. B. theobromae 
was found to be most virulent while Penicillium spp. was 
found to be less virulent. The result of this work showed that 
plant extract of O. gratissimum, Z. officinale, and C. citratus 
leaf was able to inhibit the mycelial growth of isolated fungi. 
Ethanol extract of O. gratissimum and aqueous extract of C. 
citratus demonstrated greater potential for the control fruit 
rot in soursop and therefore is recommended for the control 
of rot in soursop fruit.
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