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ABSTRACT
The study investigated the occurrence and virulence of some fungal pathogens
causing rot of onions. Antifungal potentials of garlic extract against these fungi and
its effects on shelf life were also studied. Ten percent aqueous garlic extract was
used in fungal growth inhibition of artificially inoculated onion bulbs as well as
whole bulb preservation experiments and sterile distilled water served as control in
both experiments. Results showed that Aspergillus niger, A. niger, Penicillium and
Rhizopus sp occurred in rotting onion bulbs and Aspergillus niger was found to be
the most virulent, having a mean rot diameter of 1.94mm, followed by A. flavus (0.42
mm), Rhizopus sp (0.15 mm), while Penicillium sp was the least virulent in causing
rot in the bulbs, with  0.12 mm. Onion bulbs inoculated with blank agar disc showed
no rot symptoms. There were significant differences between the control and treated
samples at p<0.05. Garlic extract was effective in inhibiting mycelial growth of all
fungal pathogens in the pretreated onion bulbs (Aspergillus niger (2.84 mm),
Aspergillus flavus (1.61 mm), Penicillium (0.48 mm) and Rhizopus spp ( 0.54 mm)
and were significantly lower than control at p<0.05. Whole onion bulbs (treated and
control) remained healthy without any sign of rot until 4 weeks after storage however,
mean rot reduction of 58% was observed in onion bulbs treated with 10% garlic
extract at 9 weeks after storage. The untreated (control) samples developed rot
symptoms after four weeks of storage. Garlic extract could be used to elongate shelf
life of onions due to its antifungal and preservative potentials.
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INTRODUCTION
Onion is a popular vegetable and the

most widely cultivated species of the

genus Allium (Block, 2010). Onion is
used all year round and of great
economic importance to the society. It
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is one of the common perishable crops
because they contain high moisture, have
papery skin and can absorb moisture
easily, becoming mushy. The problem
has become complicated due to lack of
or poor storage facilities. They are to be
stored in cool (25 to 32°C), dry, dark and
well-ventilated area such as wire mesh
cabinets. The most commonly stored
part of onion is the bulb and it is highly
vulnerable to storage rot caused by
microbes especially fungi (Tanaka,
1991). This explains why onions are
cheap at a particular period of time, and
are scarce and expensive at another.
Several researchers have investigated the
microorganisms responsible for onion
spoilage during storage (Yurgel et al.,
2018). Fungal pathogens implicated in
onion bulb rot include Aspergillus niger,
A. niger, Penicillium sp., Rhizopus
stolonifer and Fusarium oxysporum
(Zlata et al., 2008; Shehu and
Muhammad, 2012; Adongo et al., 2015).
These have been managed using
different methods including the use of
synthetic fungicides (Kumar et al.,
2015), plant extracts (Ahmed et al.,
2017). It is therefore important to proffer
solution to onion rot problem, as this can
affect national economy when there is
decrease in the economic value of the
crop.  Health of consumers is also
affected leading to various diseases
ranging from mild to chronic illnesses.

Garlic (Allium sativum) like onion is
another species of the genus Allium. It is
closely related to onions, and is
considered as one of the richest source
of total phenolic compounds. The
organosulfur compounds contribute to
its bioactive properties (Martins et al.,
2020).  The medicinal compounds
account for its use for both preventive
and curative purposes. The antimicrobial
activity against certain microbes
including pathogenic ones has been
investigated. Ho66wever, information
on the biological control of microbes
attacking onions and preservation or
elongation of their shelf life is scarce.
The objectives of this study are to
investigate the virulence of four rot-
causing fungal pathogens of onions; the
fungitoxic effect of garlic extract as well
as shelf life elongation of onion bulbs.

MATERIALS AND METHODS
Sample collection

Freshly harvested medium-sized
onion bulbs and garlic cloves were
purchased from Oja-oba market in Iwo,
Osun State (Latitude: 7o 38’ 6.97” N
Longitude: 4o 10’ 53.62” E). Both
samples were cleaned and arranged on
the laboratory bench.

Determination of bulb size
An average of 10 bulbs were picked

at random and were measured. Bulb
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diameter was determined using
UNITED Vernier calipers.

Disinfection of samples
Onion bulb samples were surface-

sterilized by swirling in a bowl of 10%
Sodium hypochlorite (3.5w/v) for 2
minutes and rinsed in 2 batches of sterile
distilled water for 1 minute each. The
bulbs were then placed on double-
layered sterile paper towels under the
laminar flow cabinet to dry.

Preparation of aqueous garlic extract
Garlic cloves were separated and

peeled. Ten percent (10%) garlic extract
was prepared by crushing 100 grams of
garlic in 900 ml of sterile water using a
laboratory blender, and sieved using 1.0
mm aperture sieve.

Pathogenicity test
Pathogenicity of fungal isolates was

carried out using the method of Onuorah
and Obika (2015) by aseptically
inoculating their pure cultures
(Aspergillus flavus, A. niger, Penicillium
and Rhizopus spp) into fresh and healthy
bulbs using 4 mm cork borer. The holes
were plugged with blank agar discs.
Wounds were sealed with petroleum
jelly. Onion bulbs used as control were
inoculated with blank agar discs.
Inoculated bulbs were left in the
incubating cupboard under close
monitoring for spoilage signs. The bulbs

were assessed for rot development by
cutting through the points of inoculation
after 7 days. When rots were present, the
pathogens were re-isolated and
compared with the original isolates.

Determination of effect of garlic
extract on rot development

The fresh bulbs were surface-
sterilized in 10% Sodium hypochlorite
and bored with sterile cork-borer to a
depth of 5 mm. Removed plugs were
brought out into a sterile beaker. The
bored holes were flooded with 0.5 ml
garlic extract and inoculated with agar
discs containing pure cultures of
Aspergillus niger,  A. flavus, Penicillium
sp and Rhizopus sp using sterile
inoculating needle. The holes were
plugged with blank agar discs. Wounds
were sealed with petroleum jelly. Onion
bulbs used as control were flooded with
sterile distilled water and inoculated as
in the test bulbs. Sterile plugs were
inserted to block the holes and then
sealed with petroleum jelly (Vaseline)
in both test and control trials. The bulbs
were kept in incubating cupboards using
complete randomized design (CRD).
Three (3) bulbs were inoculated per
replicate and four (4) replicates per
isolate. Thermometers were placed in
each hood to monitor the temperature.
Each group has the different replicates
which were kept in separate hoods.

Gwa et al
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Determination of effect of garlic
extract on onion preservation

Onion bulbs used for this experiment
were surface-sterilized using10%
hypochlorite solution and rinsed in 2
batches of sterile water. Five onion
bulbs per replicate were arranged in net
bags and  dipped in 10% garlic extract
for 5 minutes. The treatment was
replicated four times. Control bulbs
were dipped in sterile distilled water. All
bulbs were allowed to dry on double
layer paper towel, arranged in well
ventilated sieves and stored on
laboratory shelves for eight weeks using
complete randomized design.

Statistical analysis
All data recorded were subjected to

statistical analysis using SPSS statistic
software to identify significant
differences in pathogenic effects,
diameter of onion rot, botanical
treatment effects. ANOVA was
performed at 0.05 level of probability
using LSD and Multiple Comparison-
Post Hoc test.

RESULTS
The fungi isolated from the rotting

onion bulbs in storage include
Aspergillus niger, A.  flavus,
Penicillium sp, and Rhizopus sp. A.
niger and Penicillium sp had the highest
level of occurrence with 45% and 11%
frequency respectively (Table 1). The

four fungal pathogens when inoculated
into healthy-looking onion bulbs
produced rot symptoms (Plate 1). The
different pathogens showed different
levels of virulence with A. niger being
the most virulent causing rot diameter of
1.94 mm and was significantly higher
than the rest of the fungal pathogens.
Penicillium sp caused the least rot
diameter of 0.12 mm but was not
significantly different from Rhizopus sp
(0.15 mm). A. flavus has a higher effect
and is also significantly different from
Penicillium or Rhizopus sp (Table 2).
Effect of garlic extract pretreatment on
rot development in onion bulbs
inoculated with four rot-causing fungi
showed significant difference between
treated and untreated onion bulbs.
Pretreatment of onion bulbs with 10%
garlic extract completely inhibited
mycelial growth of A. flavus, Penicillium
sp and Rhizopus sp ( 0.00 mm).
Although A. niger showed  1.22 mm
mycelial growth but was not
significantly different from A. flavus,
Penicillium sp and Rhizopus sp (Table
3).

Rot severity in onion bulbs dipped in
10% aqueous garlic extract was
significantly lower than the control bulbs
from 5 weeks after storage (5 WAS) to
the end of storage period (9 WAS).
There were no rot symptoms observed
on both treated and control bulbs from
1 WAS to 4 WAS but from 5 (1.00) and

Effect of Selected Medicinal Plant Extracts and Synthetic anti-fungal Agent on Post-harvest Rot Fungi
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Table 1: Fungal pathogens isolated from rot onion bulbs in storage
and frequency of occurrence

Pathogen Frequency of occurrence (%)
Aspergillus niger 44.60

Aspergillus flavus 25.90

Penicillium sp 11.20

Rhizopus sp 18.30

* 55- Onion bulbs used for isolation from each ecological zone.

Table 2: Virulence of four rot-causing fungi

Pathogen Mean of rot diameter

Aspergillus flavus

Aspergillus niger

Penicillium species

Rhizopus species

0.42b

1.94a

0.12c

0.15c

Different letters in the column indicate significant differences (p<0.05)

Table 3: Effect of garlic extract on rot development in onion bulbs
inoculated with four rot-causing fungi

Pathogen Control Treatment

Aspergillus flavus 1.61a 0.00b

Aspergillus niger 2.84a 1.22b

Penicillium species 0.48a 0.00b

Rhizopus species 0.54a 0.00b

Different letters in the row indicate significant differences (p<0.05)



Nigerian Journal of Mycology Vol. 14: 2022 xx
GALLEY PROOF

Table 4: Effect of garlic extract treatment on whole onion bulb preservation

Week

Average Number of rot onion

Control Treatment

Week 1

Week 2

0a

0a

0a

0a

Week 3 0a 0a

Week 4

Week 5

Week 6

Week 7

Week 8

Week 9

0a

1a

1a

1.75a

2.50a

3a

0a

0b

0b

0.50b

1b

1.75b

Different letters in the row indicate significant differences (p<0.05)

Plate 1: Inoculated onion bulb with rot disease symptom
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6 (1.00) WAS, control (untreated) began
to show rot symptoms with no rot
symptoms on treated onion bulbs. From
7 WAS to the end of the storage period,
rot symptoms were observed on treated
bulbs but were significantly lower than
the control bulbs. At 7 WAS, mean rot
incidence for control bulb was 1.75 and
was significantly lower than treated
bulbs with 0.50 mean rot incidence. The
same trend was observed at 8 WAS and
9 WAS respectively (Table 4).

DISCUSSION
Isolation of Aspergillus niger, A.

flavus, Penicillium sp, and Rhizopus sp
from rotting onion bulb samples in this
study corresponds with the findings of
Orpin et al. (2017) who isolated
Aspergillus spp., Mucor and yeast spp.
from onion bulbs and Adongo et al.
(2015) that also isolated Aspergillus
niger, A. flavus, Penicillium sp,
Rhizopus stolonifer and Fusarium
oxysporum from rotten onion bulbs
obtained from four major markets in
Kumasi, Ghana. A. niger has been
reported to be a recurrent fungal
pathogen of onions causing rot during
storage. Aspergillus species are usually
predominant as contaminants in foods
and surfaces. They are the ubiquitous
fungi that contaminate foods and
produce mycotoxins. Though there are
xerophilic fungi that have the ability to
grow and complete their life cycles

under reduced water activity on dried
substrates or in high levels of sugar and
salts, Aspergillus and Penicillium
species are among the food spoilage
fungi that are referred to as ‘moderate
xerophiles’ (Hocking, 2014) and are able
to grow also in onions with relatively
high moisture content. According to
El-Nagerabi and Ahmed (2003), A. niger
invades the dry scales and the other dead
tissues of onions though it is avirulent to
living onions.

During onion storage, a percentage of
about 15% losses occurs (Deshi et al.,
2014, Orpin et al., 2017). Similar result
was reported for spring onion during
transportation. Association of foodborne
fungi with stored foods usually result in
serious economic loss(es) due to
spoilage. These fungi, especially moulds
produce mycotoxins that are implicated
in several diseases in humans (Singh et
al., 2012). This indicates that the fungi
are health-implicating.

High frequency of occurrence of A.
niger in this study agrees with the views
of Shehu and Muhammad (2012);
Samuel and Ifeanyi (2015); Abdulsalam
et al. (2015) and Sani et al. (2018) that
reported Aspergillus spp to be the fungi
with the highest frequency of occurrence
amongst all fungal isolates.

The virulence of each of the isolated
fungi as determined by rot diameters
indicates that various organisms caused
different levels of damage. For example,

Gwa et al
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A. niger was the most virulent of the
fungal pathogens causing the highest
level of damage on the onion bulbs and
this was followed by A. flavus, Rhizopus
sp. with the least level of damage caused
by Penicillium sp. Abd-Alla et al. (2011)
studied the virulence of some bacterial
isolates obtained from rotten onion
bulbs through production and secretion
of enzymes; and molecular analysis.

Aqueous extract of Allium sativum
effectively inhibited mycelial growth of
Aspergillus niger, Aspergillus flavus,
Penicillium sp, and Rhizopus sp. both
In vitro and  In vivo. In studies carried
out by Jaber and Al Mossawi (2007) and
Abiy and Berhe (2016), garlic
demonstrated strong inhibitory activities
against bacteria, fungi, viruses, parasites
and protozoan. The allicin content of
garlic is known to contribute to its
antifungal activities as it reacts with
thiol groups of various enzymes such as
RNA polymerase (Wallock-Richards et
al., 2014), and alter the necessary
enzyme metabolic activity involved in
the virulence of the pathogen (Ankri and
Mirelman, 1999).  Elshahawy and Saied
(2019) also reported the effective
treatment of rot disease in onion bulbs
and garlic cloves using oils obtained
from the plants as well as their powder.
They also reported that Allium waste
obtained from onion and garlic
stimulated sclerotial germination and
reduced rot incidence in the two crops.

Both treatments (Allium oil and waste)
proved to be the most effective
treatments, which reduced disease
incidence by 80% and 78% in garlic and
onion respectively. Hence, garlic is a
good antimicrobial agent.

In the whole bulb experiment, the
ability of garlic extract to elongate onion
shelf life was confirmed by the
significant reduction in rot observed in
onion dipped in 10% garlic extract over
a period of 9 weeks of storage. Both
control and treated groups of samples
were intact and there was no rotting or
any sign of distress on the samples in the
first four weeks. The significant
differences observed on the treated and
untreated onion samples from five weeks
after storage was similar to the
observation of Adekalu et al. (2009) who
reported the preservative activity of
garlic (Allium sativum) and Eugenia
aromatic on fresh tomato puree. Also,
Udo et al. (2001) gave the report that
garlic can be used to prevent rot in yam
and potato in store. Al-Dehylaimy and
Barakat (1971) also disclosed that it has
been used as preservative in certain
foods such as sausages and tomatoes.
Similar observation was made by
Olaniran et al. (2019) in the preservation
of unpasteurized cashew juice using
garlic-ginger filtrate.

Among some other botanicals, garlic
was discovered a promising biopesticide

Gwa et al
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(Tafadzwa et al., (2016) which can
compete effectively with chemical
pesticides without residual effect.
Preparation of crude extract from plants
for disease control is relatively cheap
and can easily be practiced at household
levels. It is also a safer alternative to the
hazardous conventional fungicides.

Garlic is known to be highly
nutritional and medicinal and have been
used for prevention and treatment of
different diseases (Harold, 2004). It was
also discovered to contain antioxidants
which protect cell damage and aging.
According to Bayan et al. (2014) and
several other authors, garlic is known to
possess hypoglycemic and
antihypertensive potentials. Therefore,
health benefits of garlic cannot be
overemphasized. Also, garlic is readily
available everywhere especially as raw,
and sometimes as aqueous extract
preparations. They can be cheaply
purchased from both local markets and
supermarkets. It lasts long in storage and
it is a natural spice in many soups and
dishes.

CONCLUSION
Aspergillus niger, A. flavus,

Penicillium sp, Rhizopus sp, A. nidulans
and Mucor sp. are important fungal
pathogens causing rot of onion bulbs.
Out of the first four tested pathogens, A.
niger was the most virulent while
Penicillium sp was the least. The study

established the pathogenicity of the
tested fungal isolates in onion bulbs. The
antifungal and preservative ability of
garlic extract was also confirmed in this
research. Onion rot in storage can be
reduced by garlic extract treatment.
Garlic is widely available and can be
recommended as food preservative
without adverse effect on human health
and environmental safety.

RECOMMENDATION
Further research may be carried out

to evaluate the effect of multiple
treatment regimes on onion shelf-life
elongation.
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