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Abstract
Background and Objective: The processing and preservation of Irish potato tubers like many other crops has been affected by various
pathogens like fungi (particularly storage rot) which causes a major constraint to Irish potato production in Nigeria resulting to enormous
post-harvest spoilage. The inhibitory effect of aqueous and ethanolic extracts of neem leaves, stem bark and seeds on fungal rot disease
of Solanum tuberosum (Irish potato) as an alternative treatment for fungal storage disease on Irish potato tubers cultivated in Nigeria
has been determined in this study. Materials and Methods: Neem parts were harvested from Wukari, Nigeria and were processed for
the experiment. Isolation of fungi and sub-culturing of the isolates was carried out to obtain pure culture. Pathogenicity study was carried
out and effect of the plant extracts on mycelia growth of the test fungi was studied using the food poisoning techniques. The qualitative
and quantitative phytochemical studies of the neem parts were carried out using standard methods. Results: Qualitative phytochemical
screening of the selected parts of neem plant showed the presence of alkaloids, glycoside, flavonoids, carbohydrates, reducing sugar,
steroids, tannins and saponins. The quantitative test revealed that the percentage quantity of phytochemicals in these plant parts ranged
from 10.17-23.88%. Effect of the extracts on the test organisms was significant (p<0.05). Ethanolic extract of the seed (ESE) exhibited the
highest inhibitory effect on Aspergillus niger (88.37%) followed by aqueous extract of stem bark (ABE) (87.21%), while aqueous seed
extract (ASE), ethanolic leaves extract (ELE), aqueous leaves extract (ALE) and ethanolic stem bark extract (EBE) exhibited inhibition of
81.78, 77.52, 72.87 and 39.53%, respectively. The inhibitory effect of EBE was significantly (p<0.05) lower than that of other extracts, while
there was no significant difference in the inhibitory effects of ESE, ASE and ABE compared to ketoconazole on Aspergillus niger. The
ethanolic extracts of the seed and leaves had 100% inhibitory effect on Fusarium oxyporium with 87.60% inhibition by aqueous extract
of the leaves. The seed and the leaves ethanolic extracts exhibited the highest inhibitory effects on Pythium spp. and Fusarium
oxyporium, while the aqueous leaves extract showed the least inhibition on Fusarium oxyporium. Conclusion: The plant extracts in this
study were found to be very effective in inhibiting fungal mycelia growth and hence can be potentially effective for preservation during
storage of Irish potatoes to minimize post-harvest lost.
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bio-degradation, phytotoxicity, pollution, development of

INTRODUCTION

resistance in

target

organism,

high cost, at times

The third worldʼs most pressing problem after poverty is

non-availability and hazard to man and his environment) has

food scarcity according to FOA. African farmers are faced with

rendered them either slow to adopt by farmers or farmers

several constraints in the production of food and cash crops.

have totally failed to adopt them, for one cultural reason or

Some of these constraints are poor soils, poor farm practices,

the other10, hence the need for alternative control methods.

1

land tenure and damages by diseases and pests . In the quest

There has been great research in developing plant products as

for food and the struggle for human survival, Irish potato has

alternatives to chemical fungicides that are more human and

historically played important role in food supply and thus

eco-friendlier and act directly on the pathogens by inhibiting

instrumental in addressing problem of food insecurity, due to

their pathogenic effect or indirectly by inducing resistance in

its yield per unit area (hectare) per unit time and its nutritional

plant products.

Azadirachta indica, commonly known as neem, nimtree

2

value .

Solanum tuberosum L. (Irish potato) is an annual plant

or Indian lilac is a tree in the mahogany family Meliaceae11. It

that grows about 60 cm high, depending on variety3. Irish

is one of two species in the genus Azadirachta and is native

potato was introduced in Nigeria in

the later part of

to the Indian subcontinent. It is typically grown in tropical and

19th and early 20th century by Europeans, notably the tin

semi-tropical regions. Neem trees also grow in islands located

miners in Jos Plateau. Most important potato producing areas

in the southern part of Iran and the northern part of Nigeria.

in Nigeria are Jos Plateau, Kano, Zaria, Mambila, Biu and

Its fruits and seeds are the source of neem oil. The neem tree

Obudu highlands. About 95% of the total production comes

is noted for its drought resistance12. Neem can grow in

from Jos Plateau. The current Irish potato production in

different types of soil but it thrives best on well drained deep

4

Nigeria is 800,000 t per annum . Irish potato is ranked fourth

and sandy soils12. Plant extracts have exclusive antimicrobial

in importance after rice, wheat and maize. Potatoes are eaten

properties, which act in holistic mode. Azadirachta indica

boiled, fried and with stews and also grown for livestock feed

(Neem) is one of the most promising medicinal plants,

and industrial purposes 5.

having a wide spectrum of biological activity and well

The processing and preservation of Irish potato tubers

known for its insecticidal properties. Every part of neem tree

like many other crops has been affected by various pathogens

has been known to possess a wide range of pharmacological

like fungi, bacteria and viruses, that results to various disease

properties, especially as anti-bacterial, anti-fungal, anti-ulcer,

states. The greatest of these constraints is the post-harvest

anti-feedant, repellent, pesticidal, inhibitor and sterilant and

spoilage of farm produce, that affect several tons of harvested

is thus commercially exploitable and hence, traditionally used

produce, allowing only a fraction to be utilized while most of

to treat large number of parasitic infections13,14.

the crops are lost to post harvest diseases, especially rot

Neem leaves are dried in India and placed in cupboards

diseases6. Storage rot constitutes a major constraint to Irish

to prevent insects from eating clothes and also in tins where

potato production in Nigeria. The storage rot is caused by

rice is stored15. Neem oil is also used for healthy hair, to

7

fungi, bacteria and viruses . Several fungi have been isolated

improve liver function, detoxify the blood and regulate blood

8

from rotten Irish potato tubers . Research findings have

sugar levels. Neem leaves have also been used to treat skin

reported that Alternaria solani, Phytopthora infestans and

diseases like eczema, psoriasis. Neem is a key ingredient in

Rhizopus stolonifer caused post-harvest rot of irish potato
tubers in Egypt7,8. Fungi such as Rhizoctonia bataticola,
Butry diplodia theobromae, Fusarium redolens, F. oxysporum,
Penicillium species and Rhizopus oryzae were associated

non-pesticidal management (NPM), providing a natural

with post-harvest rot of irish potato tubers in south-east and

at least every 10 days. Neem does not directly kill insects on

south-west, Nigeria9. These pathogens cause great losses and

the crop. It acts as an anti-feedant, repellent and egg-laying

reductions in the economic and nutritional value of crops.

deterrent, protecting the crop from damage. The insects

However, a good system of control and management can play

starve and die within a few days. Neem also suppresses the

a key role in their eradication. The use of chemicals

hatching of pest insects from their eggs. Neem-based

(fungicides) has helped in control of rot but identifiable

fertilizers have been effective against the pest southern

problems associated with their use (e.g., chemical residues,

army worm. Neem cake is often sold as a fertilizer16. Neem oil

alternative to synthetic pesticides. Neem seeds are ground
into a powder that is soaked overnight in water and sprayed
onto the crop. To be effective, it must be applied repeatedly,
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has been shown to avert termite attack as an
eco-friendly and economical agent.
This study was aimed at determining the inhibitory effect
of aqueous and ethanolic extracts of neem leaves, stem bark
and seeds on the fungal rot disease of Irish potato to serve as
a potential alternative treatment for fungal storage disease on
Irish potato tubers cultivated in Nigeria.

affected tissue were observed and the frequency of isolation
determined using method of Okigbo and Ikediugwu19. Subculturing was done to obtain pure cultures of the isolates.
Identification of fungal isolates: Sub-culturing of the isolates
was carried out to obtain pure culture. The colonies growing
on the plates were identified macroscopically and
microscopically. Colony colour, type (compact, loose, aerial
hyphae), texture (velvety, cottony, coarse) shape and growth
pattern were observed. Direct observation of culture under
the light microscope (low power) by careful preparation of
slides, staining with cotton blue-in-lactophenol was done.
Detailed drawings of the diagnostic features and identification
manual and guides according to Rippon20, Nelson et al.21,
Samson et al.22 and Snowdon23 were used.

MATERIALS AND METHODS
Duration and year of study: This study was carried out from
the month of March-September, 2017 at Biochemistry
laboratory and Biology laboratory of Federal University
Wukari, Nigeria.
Sample collection: Tubers of Irish potato with symptoms of

Pathogenicity test and anti-fungal activity of the extracts:

rot were obtained from Mangu Market in Jos, Plateau state,
Nigeria. The diseased tubers were packaged in polyethylene
bags and taken to the laboratory at Federal University Wukari,
Nigeria, where they were assessed for fungal presence for
analysis. Neem seeds, leaves and stem bark were collected
from the same growing tree plantation at Mission quarters,
Wukari, Taraba state. The matured healthy seeds and green
leaves were sorted out. The seeds, leaves and stem bark were
washed under running tap water to eliminate dust and other
foreign particles and air dried.

The pathogenicity test was carried out to establish which of
the fungal isolates caused the rot and to determine whether
they could induce similar symptoms on inoculation and be
re-isolated, thus fulfilling Kochʼs postulates. The method of
Okafor24 and Okigbo and Ikediugwu19 were adopted for the
pathogenicity study. Effect of plant extract on mycelia
growth of the test fungi was studied using the food poisoning
techniques25. Each treatment consists of three replicates.
The negative control set up contained a blank agar plate
(no extract) inoculated with the test fungi. All the plates were
incubated at 28EC 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 Whipps26:

Sample extraction (Microwave assisted extraction): The
air-dried neem leaves, stem bark and seeds were ground
separately using pestle and mortar to the smallest possible
size. Each sample (20 g) was measured and added into
separate extraction containers for ethanolic and aqueous
extraction. Ethanol (200 mL) and distilled water (200 mL) were
then added to each container, tightly covered and placed in
the microwave oven, set between 400-680 Watts and allowed
to run for 3 min and stopped. The set up was carefully
removed and allowed to cool before re-introducing it for
another period of 3 min. This process was repeated for
45 min, allowed to cool and filtered. The filtrate was used for
the experiment.

Percentage inhibition  R1  R2 

100
R1

where, R1 is the farthest radial distance of pathogen in control
plate while R2 is the farthest radial distance of pathogen in
extract incorporated agar plates.
phytochemical

studies

on

Solanum

Preparation of culture medium and isolation of fungi:

Qualitative

Throughout the study, the assayed culture medium employed
was LAB M Potato Dextrose Agar (PDA). The Petri dishes that
contained the medium were incubated for 24 h at room
temperature (28EC) to check for sterility before use as
described by Cheesbrough17. Isolation of fungi was done
according to the method described by Oniyike and
Maduewesi18. Fungi associated with the Irish potato rot

tuberosum leaves, seeds and stem bark: The qualitative
phytochemical studies were carried out according to the
methods described by Horbone27 and Tiwari et al.28. The tests
were carried out to determine the presence of active
chemical constituents such as alkaloids, glycosides, phenolic
compounds, terpenoids and steroids, flavonoids, reducing
sugar and tannin.
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heated until the volume was reduced to 20% of its initial
volume. The concentrated sample was transferred into a
250 mL separating funnel and 10 mL of diethyl ether was
added to it and shaken vigorously. The aqueous layer was
separated carefully after setting down the solution. The
purification process was repeated again and the samples
washed twice with 10 mL of 5% NaCl solution. The remaining
solution was heated in a water bath at 50EC until the solvent
evaporated and the solution turned into semi-dried form. The
sample was then dried in an oven. This saponin content was
calculated using the following equation:

Quantitative determination of phytochemical constituents
of Solanum tuberosum leaves, seeds and stem bark
Determination of total alkaloids: About 5 g each of seed,
leaves and stem bark of the sample (Neem) was weighed
into a 250 mL beaker and 200 mL of 10% acetic acid in
ethanol was added, covered and allowed to stand for 4 h.
This was filtered and the extract was concentrated on a water
bath to one-quarter of the original volume. Concentrated
ammonium hydroxide was added drop wise to the extract
until the precipitation was complete. The whole solution was
allowed to settle and the precipitate was collected and
washed with dilute ammonium hydroxide and then filtered.

Saponin (%) =

The residue is the alkaloid, which was dried and weighed:

Alkaloid (%) =

W2
 100
W1

W2
 100
W1

Where:
W2 = Weight of oven dried end product
W1 = Weight of powdered sample taken for the analysis

Where:
W2 =

Weight of dried end product

Statistical analysis: Statistical analysis was carried out on the

W1 =

Weight of powdered sample taken for the analysis

selected results using One-Way Analysis of Variance (ANOVA)
and further with Duncan multiple comparisons with the use of
Statistical Package for Social Sciences (SPSS), version 21. The
result means were compared for significance at p<0.05 and
the group results were then presented as mean±standard
deviation.

Determination of total flavonoids: Five grams of plant
sample was repeatedly extracted with 100 mL of 80%
methanol at room temperature. The mixture was filtered
through a Whatman No. 1 filter paper into a pre-weighed
250 mL beaker. The filtrate was transferred into a water-bath

RESULTS

and allowed to evaporate to dryness and weighed according
to Krishnaiah et al.29:

Flavonoid (%) =

Aqueous extract of neem leaf was found to have
maximum number of phytochemicals like glycoside,

W2
 100
W1

flavonoids and carbohydrates, reducing sugar, steroids,
tannins, saponins and alkaloids but proteins was absent.
Ethanolic extract of neem leaf also recorded the presence of

Where:
W2 =

Weight of dried end product

W1 =

Weight of powdered sample taken for the analysis

glycoside, flavonoids and carbohydrates, reducing sugars,
steroids, tannins and saponins. However, proteins and steroids
were absent.
Aqueous extract of neem seed recorded the presence of

Determination of saponin: Estimation of saponin was done

alkaloid, flavonoid, saponin, carbohydrate, reducing sugar and

according to slightly modified standard method. Ten grams of

steroid. Glycosides, tannins and protein were not present.

ground sample was dispensed into 250 mL conical flask and

Similarly, ethanolic extract of neem seed showed the

100 mL of 20% ethanol was added to it. The mixture was

presence of alkaloids, flavonoids, saponin, carbohydrate,

heated in a hot water bath of 55EC for 5 h with continuous

reducing sugar and steroids. As with the aqueous extract,

stirring. The mixture was filtered through Whatman No. 1 filter

tannin, glycoside and protein were not recorded.

paper. The residue was mixed with 20% ethanol and heated in

Ethanolic and aqueous extract of stem bark of neem

a similar way for about 5 h. The solution was filtered and

showed the presence of alkaloids, flavonoids, tannins,

mixed with previously filtered solution. The combined filtered

saponins, carbohydrate and reducing sugars. However,

solution was placed on a hot water bath at 90EC and

glycosides and proteins were not recorded.
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Table1: Qualitative phytochemical analysis of Solanum tuberosum leaves

Constituents

Test

Results
-------------------------------------------------------------------------ALE
ELE

Alkaloids

Mayerʼs test
Wagnerʼs test
Hagerʼs test
Alkaline test
Lead Acetate test
Ferric Chloride test
Lead Acetate test
Iodine solution test
Froth test
Molischʼs test
Barfoedʼs test
Fehlingʼs test
Benedictʼs test
Borntragerʼs test
Killer-Killiani test
Biuret test
Ninhydrin test
Salkowski test

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Flavonoids
Tannins

Saponins
Carbohydrates
Reducing sugars
Glycosides
Protein
Steroids

+
+
+
+
+
+
+
+
+
+
+
+
+
+
-

ALE: Aqueous leaves extract, ELE: Ethanolic leaves extract, +: Present, -: Absent
Table 2: Qualitative phytochemical analysis of Solanum tuberosum seed

Constituents

Test

Results
-------------------------------------------------------------------------ASE
ESE

Alkaloids

Mayerʼs test
Wagnerʼs test
Hagerʼs test
Alkaline test
Lead acetate test
Ferric chloride test
Lead acetate test
Iodine solution test
Froth test
Molischʼs test
Barfoedʼs test
Fehlingʼs test
Benedictʼs test
Borntragerʼs test
Killer-Killiani test
Biuret test
Ninhydrin test
Salkowski test

+
+
+
+
+
+
+
+
+
+
+

Flavonoids
Tannins

Saponins
Carbohydrates
Reducing sugars
Glycosides
Protein
Steroids

+
+
+
+
+
+
+
+
+
+
+

ASE: Aqueous seed extract, ESE: Ethanolic seed extract, +: Present, -: Absent

healthy plants and as a result have been implicated as
determinants of a plants resistance to fungal attack. These
reports are in agreement with the result of this study.
The quantitative test revealed that the quantity of the
selected phytochemicals in the neem parts ranged from
10.17-23.88% (Table 4). The highest quantitative yield of
flavonoid was obtained in neem seed (19.72%) followed by
the stem bark (11.94%), with the least in leaves (10.17%).
Stem bark of neem recorded the highest quantitative yield of
alkaloid (23.88%) followed by neem seed (22.42%) while the
least was leaves of neem (16.60%). More Saponin was
detected in stem bark (23.84%) preceded by seed extract

DISCUSSION
This study showed the presence of some phytochemicals
in the neem parts. The presence of saponins, tannins,
glycosides, alkaloids, terpenes and flavonoids in aqueous leaf
extracts of neem in this study (Table 1) is in line with the
reports of Biu et al.30. Qualitative phytochemical analysis of
Solanum tuberosum seed and stem bark are shown in
Table 2 and 3, respectively. Grayer and Harborne31 reported
that glycosides and saponins have anti-fungal activity, while
Osbourn32 also reported that many saponins exhibit potent
anti-fungal activity and are often present in high levels in
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Table 3: Qualitative phytochemical analysis of Solanum tuberosum stem bark
Results
-------------------------------------------------------------------------Constituents

Test

ABE

Alkaloids

Mayerʼs test

+

EBE
+

Wagnerʼs test

+

+

Hagerʼs test

+

+

Flavonoids

Alkaline test

+

+

Lead acetate test

+

+

Tannins

Ferric chloride test

+

+

Lead acetate test

+

+

Iodine solution test

+

+

Saponins

Froth test

+

+

Carbohydrates

Molischʼs test

+

+

Barfoedʼs test

+

+

Fehlingʼs test

+

+

Benedictʼs test

+

+

Glycosides

Borntragerʼs test

-

-

Killer-Killiani test

-

-

Protein

Biuret test

-

-

Ninhydrin test

-

-

Steroids

Salkowski test

+

+

Reducing sugars

ASE: Aqueous stem bark extract, ESE: Ethanolic stem bark extract, +: Present, -: Absent
Table 4: Selected quantitative phytochemical composition of Solanum tuberosum leaves, seeds and stem bark (%)
Constituents

Seed

Stem bark

Leaves

Flavonoid

19.72

11.94

10.17

Alkaloid

22.42

23.88

16.60

Saponin

20.67

16.09

23.84

Flavonoid was highest in the seed, followed by the stem bark. Alkaloid was highest in stem bark, followed by the seed and lowest in the leaves. Saponin was highest
in leaves, followed by the seed and lowest in the stem bark
Table 5: Macro and micro-features of fungi isolates
Isolates

Colony characteristics

Pythium spp.

Colonies appear compact which is grey-black

Microscopy
Mycelium consists of slender, non-septate hyphae. The sporangia are globose

and surrounded by a clear white zone

and are terminal on somatic hyphae. It has a large regularly shaped, branched

Growth on PDA is rapid. White aerial mycelium

Micro and macro conidia are present. Macro conidia slightly sickle celled with

sporangia

Fusarium oxyporium

tinged with pink purple colour

apical cell and foot shaped basal cell, chlamydospores are present, single and
some in pairs

Aspergillus niger

Growth on PDA is rapid and fast with black

Non-septate conidiophores a rising from thick-walled foot cells. Each conidiophore

powder almost covering the plates after 72 h

ends in a terminal enlarged spherical swellings
Conidia borne by phialides arising from a terminal swelling on the conidiophores

(20.67%), the least in Saponin being neem leaves (16.09%).

were the most pathogenic, while Pythium spp. is the least

These results are higher than

pathogenic as evident from the weight loss (Table 6).

those

reported

by

Anukworji et al.33. They recorded 3.840% flavonoid, 6.480%

Effect of the extracts on the test organisms was significant

alkaloid and 2.280% saponin in neem leave. This difference

(p<0.05). Ethanolic extracts of the seed (ESE) gave the highest

may be attributed to difference in soil type or other

inhibitory effect on Aspergillus niger by 88.37% followed by

environmental factors.

aqueous extract of stem bark (ABE) (87.21%), while aqueous

Macro and micro-features of the fungi isolates are

seed extract (ASE), aqueous leaf extract (ALE), ethanolic leaf

recorded (Table 5). Pathogenicity tests revealed that

extract (ELE) and ethanolic stem bark extract (EBE) showed

Aspergilllus niger, Pythium spp. and Fusarium solani caused
rot. The nature of rot varies between the inoculated cocoyam
tubers with various selected fungi. Aspergillus niger shows
dry and soft rotting, Pythium spp. caused dry rot. Among the
fungi isolated, Aspergillus niger and Fusarium oxyporium

inhibition of 81.78, 72.87, 77.52 and 39.53%, respectively
(Table 7). Shrivastava and Swarnkar34 also reported that
methanol and ethanol extracts of Azadirachta indica showed
growth inhibition against Aspergillus flavus,

Alternaria
solani and Clados porium. The inhibitory effect of EBE was
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Table 6: Pathogenicity test result
Isolates

Symptoms of infection after 14 days

Pathogenicity

Dry rot

+++

Aspergillus niger
Pythium spp.
Fusarium oxyporium

Dry rot

++

Dry rot

+++

+++: Highly pathogenic, ++: Moderately pathogenic
Table 7: Mean zone of inhibition (%) of Solanum tuberosum leaves, seeds and stem bark extracts on fungi isolates (%)
Parameters
Ethanolic seed extract

Aspergillus niger

Pythium spp.

Fusarium oxyporium

88.37±1.17a

100.00±0.00a

100.00±0.00a

ab

b

88.76±1.78b

Aqueous seed extract

81.78±2.92

93.41±2.42

Ethanolic leaves extract

77.52±1.35b

100.00±0.00a

100.00±0.00a

Aqueous leaves extract

72.87±3.55b

94.96±1.78b

87.60±4.40b

Ethanolic stem bark extract

39.53±8.39c

94.18±1.16b

95.34±2.33a

Aqueous stem bark extract

87.21±1.16ab

94.18±1.16b

94.96±1.38a

a

Ketoconazole

89.92±1.35

100.00±0.00

a

100.00± 0.00a

Values are Means±Standard deviations of triplicate determinations. Means in the same column with the same letter of the alphabet as superscript are not significantly
different (p<0.05)

significantly (p<0.05) lower than that of other extracts, while

found to be very effective in inhibiting fungal mycelia growth

there was no significant difference in the inhibitory effect of

and hence can be potentially effective for preservation during

ESE, ASE, ABE and ketoconazole on Aspergillus niger. The ALE

storage of Irish potatoes to minimize post-harvest lost.

and ELE did not show any significant inhibitory difference on

Aspergillus niger. Meanwhile, ketoconazole which was used

SIGNIFICANCE STATEMENT

as the positive control showed the highest inhibition on the
growth of the fungus, apart from ELE and ESE which had 100%

This study discovered the inhibitory effect of aqueous and

inhibitory effect on Phythium spp. and Fusarium oxysporium

ethanolic extracts of neem leaves, stem bark and seeds on the

(Table 7). There was no significant difference (p>0.05) in the

fungal rot disease of Irish potato that can be beneficial for the

inhibitory effects of the ethanolic seed extract, aqueous seed

effective storage and preservation of Irish potatoes. This study

extract and aqueous stem bark extract on the Aspergillus

will help researchers to uncover alternative agents to the

niger.

commonly used anti-fungal substances in the storage and

The anti-fungal activities of the seed, leaf and stem bark

preservation of Irish potatoes.

extracts correlates with the phytochemical results that
indicated the high concentrations of glycosides and saponins
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