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Abstract

Introduction: The emergence of drug resistance has caught the attention of
scientist due to the risk of going back to the pre-antimicrobial era.

Objective: This study was carried out to investigate the antimicrobial properties of
mushroom (Agaricus bisporus) and fungal (Trametes gibbosa) metabolites.

Method: The study involved isolating Erwinia spp and Ralstonia solanacearum
from infected plants followed by subjecting the isolates and commercially
acquired Staphylococcus aureus (ATCC 25923), Enterococcus faecalis (ATCC
29212), Escherichia coli (ATCC 25922), Pseudomonas aeruginosa (ATCC 27853),
Streptococcus pneumoniae (ATCC 49617), Proteus vulgaris (ATCC 49990),
Candida albicans, Aspergillus niger (ATCC 1015), Fusarium oxysporum (ATCC
16608), Ustilago maydis (ATCC 14826), Microsporum gypseum (ATCC 15621) and
Malassezia furfur (ATCC 14423) to antagonism by mushroom and fungal isolates.

Results: The study revealed that mushroom and fungi metabolites inhibit growth of
the tested pathogens. However, fungi metabolites did not inhibit growth of Gram
positive bacteria. In addition, there was no significant difference in inhibition of
the bacterial growth by mushroom extracts (F=1.92, P=0.09). However, there was
significant growth inhibition of the bacteria by fungal extracts (F=12, P=0.00001).
In addition, was no significant difference in bacterial growth inhibition between
mushroom and fungal extracts (P=0.089). On antagonism of pathogenic fungi,
there was no significant difference in growth inhibition of the fungi by mushroom
extracts (F=1.44, P=0.24). Contrastingly, there was significant difference in growth
inhibition of the fungal pathogens by the fungal extracts (F=2.88, P=0.025) and
also in the inhibition of the fungal pathogens by mushroom and fungal extracts
(0.0022).

Conclusion: Mushrooms and fungi produce antimicrobial metabolites that can be
exploited in treating diseases that affect man and his plants and animals. This
study established that the extracted antifungal metabolites did not inhibit growth
in gram positive bacteria. There is need to carry further study to establish the
chemical composition of the antimicrobials.

Keywords: Antimicrobial; Egerton; Fungal; Kenya; Mushroom; Njoro

Received: April 07, 2017; Accepted: April 26, 2017; Published: May 03, 2017

2 Department of Biological Sciences,
Egerton University, Njoro, Kenya

Corresponding author:
Paul Njenga Waithaka

[=] waithakanj@yahoo.com

School of Biological Sciences, University of
Nairobi, Nairobi, Kenya.

Tel: +254 721104637

Citation: Waithaka PN,Gathuru EM,
Githaiga BM, et al. Antimicrobial Activity
of Mushroom (Agaricus Bisporus) and
Fungal (Trametes Gibbosa) Extracts from
Mushrooms and Fungi of Egerton Main
Campus, Njoro Kenya. J Biomedical Sci.
2017, 6:3.

© Under License of Creative Commons Attribution 3.0 License | This Article is Available in: www.jbiomeds.com



Introduction

Microorganisms make a group of organisms some of which cannot
be seen with unaided eyes [1]. Bacteria occur a wide range of
shapes, ranging from spheres to rods and spirals and they are a
few micrometres in length while fungi are said to be macroscopic
[2]. The ability of microorganisms to survive in varied habitats
such as on earth, growing in soil, acidic hot springs, radioactive
waste [3] water, deep in the earth’s crust, as well as in organic
matter and the live bodies of plants and animals allows them to
be the most populous organisms on earth. For example, there
are about 40 million bacterial cells in a gram of soil and a million
bacterial cells in a millilitre of fresh water [4]. Totally, there are
approximately five nonillions bacteria on earth, forming much of
the world’s biomass [5].

Previously, there has been a mix up in classification of
microorganisms. A case in point is bacteria were regarded as
plants belonging to the class Schizomycetes [6]. However, with
the rise of sophisticated techniques coupled with advanced
cellular analysis, classification of microorganisms has been
ironed out. Fungi are now considered eukaryotes while bacteria
are prokaryotes. Unlike cells of animals and other eukaryotes,
bacterial cells do not contain a nucleus and rarely harbour
membrane-bound organelles [3]. Although the term bacteria
traditionally included all prokaryotes, the scientific classification
changed after the discovery in the 1990s that prokaryotes
consist of two very different groups of organisms that evolved
independently from an ancient common ancestor. These
evolutionary domains are called Bacteria and Archaea [7].

In the human body, there are approximately ten times as many
bacterial and fungal cells in as there are human cells in the body
[8]. Majority of these organisms are found on the skin and as gut
flora. Their pathogenicity is reduced by the protective effects
of the immune system while us some are normal microflora
helping the body in various metabolic activities. However, a few
species of fungi and bacteria are pathogenic and cause infectious
diseases [9].

Currently, the world is witnessing heightened antimicrobial
drug resistance. According to Adams (2014) emergence of
resistance often reflects evolutionary processes that take place
during antibacterial drug therapy. The antimicrobial treatment
may select for bacteria strains with physiological or genetically
enhanced capacity to survive high doses of antibacterial [10].
Under certain conditions, it may result in preferential growth
of resistant bacteria while growth of susceptible bacteria is
inhibited by the drug [11]. For example, antibacterial selection
within whole bacterial population for strains having previously
acquired antibacterial resistant genes was demonstrated in 1943
Laria-Delbruck experiment. Survival of fungi and bacteria often
results from inheritable resistance [12].

Antimicrobial resistance is probably the biggest threat to
human existence on planet earth today. The use of convectional
synthetic drugs in offering remedy to the existing human, animal
and plants disease therapy has proved not to be very fruitful [13].
The pathogens are increasingly sharpening their tools to ensure
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they resist any such drug that finds its way in the market. As a
result, the use of naturally produced antimicrobial has gained
allot of popularity the reason this study was conceived [14]. The
study aimed at isolating Erwinia spp. and Ralstonia solanacearum
from infected plants and subjecting the isolates to mushroom
and fungal metabolites. In addition, other bacteria that cause
disease in humans and animals were also tested.

Materials and Methods
The study area

The study was conducted at Egerton, main campus, Njoro located
25 km southwest of the town of Nakuru, approximately 182 Km
by road Northwest of Nairobi and at an altitude of 2.250 above
sea level. It receives an annual rainfall of over 1000 mm and the
temperatures range between 14-16°C. The soils are well drained,
sandy, clay loam with a thick humid top [15].

Collection of plant samples

The infected plant samples were collected from Egerton
University’s horticulture farm (Plate 1 and 2). These included
symptomatic potatoes for potato wilt and carrots for soft rot
disease.

~

Figure 1 Infected carrots by Erwinia spp.

Figure 2

Infected potato plants by Ralstonia spp.
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Isolation of Erwinia and Ralstonia spp.

The bacteria were isolated separately following a method
described by [16]. About 1 g of the infected plant tissues were
separately place in a motor and the tissues macerated using a
pistil followed by addition of 9 g of distilled water. Serial dilution
was carried out up to 107°. Using a micropipette, 0.01 ml of the
diluent was spread on nutrient agar medium using spread plate
technique followed by characterization using biochemical tests.

Preparation of mushroom and fungal crude
methanol extract

The fruiting bodies of the mushrooms and fungi were dried
under shade (Plate 3 and 4). The dried fruiting bodies were cut
into small pieces using scalpels and crushed using a pistil and a
motor. Separately, 50.0 g of mushroom and fungal powder was
placed in Erlenmeyer flasks, onto which 95% methanol had been
placed. The flasks were covered with aluminium foil and allowed
to stand for seven days for extraction. The mixture was filtered
through Whatman filter paper no. 1 and the filtrate concentrated
in a rotary evaporator. The methanol was evaporated and the
extract was collected and dried. To eliminate the antagonistic
effect of methanol, 1ml of methanol extract was mixed with
20 ml of ethyl acetate and shaken vigorously .To this mixture,
30 ml of sodium bicarbonate was added to remove the weak
acids followed by filtration using Whatman filter paper no. 1
[17]. In addition bacteria Staphylococcus aureus (ATCC 25923),

Plate 3 Mushroom (Agaricus bisporus).

-~

Plate 4

Fungi (Trametes gibbosa).
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Enterococcus faecalis (ATCC 29212), Escherichia coli (ATCC
25922), Pseudomonas aeruginosa (ATCC 27853), Streptococcus
pneumoniae (ATCC 49617), Proteus vulgaris (ATCC 49990) and
fungi Candida albicans, Aspergillus niger (ATCC 1015), Fusarium
oxysporum (ATCC 16608) and Ustilago maydis (ATCC 14826),
Microsporum gypseum (ATCC 15621), Malassezia furfur (ATCC
14423), were also included in the study.

Assay for antibacterial activity

The antimicrobial assay was performed by Karby Bauer’s agar disc
diffusion methods. The surface of the Muller Hinton Agar was
separately swabbed with cultures of the test pathogens. Filter
paper discs measuring 6.0 mm diameter were cut from Whatman
No. 1 filter paper using a cork borer. The discs were sterilized in
a dry heat oven before saturation with different concentrations
(10 p-50 p) of the mushroom and fungal extracts by immersion
[18]. The discs were aseptically placed over the swabbed surface
and the plates were incubated for 24-48 hr at 37°C. Antimicrobial
activities were determined by measuring the diameter of zone of
inhibition.

Data analysis

The data was analysed using Statistical Package for Social
Sciences Software (SPSS) version 17.0 software. The comparison
of inhibition zones of the extracts on the pathogens were
compared using one way ANOVA. In addition, comparison of the
inhibition activities of mushroom and fungal extracts was carried
out using T-tests.

Results

Isolation of Erwinia and Ralstonia spp

A total of 88 Erwinia and Ralstonia spp. were obtained. The
Erwinia spp. colonies were white, smooth and with entire
edges (Table 1). On the other hand, Rastonia spp. presented
themselves on culture media as pinkish red centered colonies.
The biochemical reactions of the isolates were typical of Erwinia
spp. and Ralstonia spp.

Antibacterial activities of mushroom and fungal
extracts

The zone of inhibition of mushroom extract on Erwinia spp. ranged
from18+0.1 mmto 12+9.2 mm, Ralstonia spp. (14+0.3-11+0.1),
Enterococcus faecalis (15 + 0.3-09 + 0.2), Staphylococcus aureus

Table 1: Cultural and biochemical characteristics of Erwinia and Ralstonia
spp.
Pathogen

Biochemical characteristics
KOH Id Ct Sh Kov Cu Gr

Cultural characteristics

Erwinia white, smooth colonies

h . + 0+ o+ -+ -
spp. with entire edges
Ralstonia | pinkish red centered n + s
spp. colonies

KOH; Potassium hydroxide test, Id; Indole test, Ct; catalase test, Sh;
starch hydrolyses, Kov; Kovacs oxidase test, Cu; Citrate utilization, Gr;
Gram reaction.
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(16 £0.1-08 £ 0.2), Streptococcus pneumoniae (14 £ 0.3-10 £ 0.1),
Escherichia coli (22 £ 0.2-10 + 0.2), Pseudomonas aeruginosa (20
+ 0.2 - 10 £ 0.1) and Proteus vulgaris (23 + 0.2-12 + 0.1) (Table
2). From the fungal extracts the ranges were Erwinia spp. (24 +
0.2-15 % 0.1), Ralstonia spp. (22 + 0.2-16 * 0.2), Escherichia coli
(23 £ 0.2-14 + 0.1), Pseudomonas aeruginosa (24 + 0.1-17 + 0.2)
and Proteus vulgaris (25 + 0.3-16 + 0.3). There was no significant
difference in inhibition of the bacterial growth by mushroom
extracts (F=1.92, P=0.09). However, there was significant growth
inhibition of the bacteria by fungal extracts (F=12, P=0.00001). In
addition, there was no significant difference in bacterial growth
inhibition between mushroom and fungal extracts (P=0.089).

Antifungal activities of mushroom and fungal
extracts

The growth inhibition of Candinda albicans by mushroom extracts
ranged from (18 + 0.3-11 * 0.2), Aspergillus niger (20 + 0.3-13
+ 0.2), Fusarium oxysporum (16 + 0.1-08 + 0.3), Microsporum
gypseum (19 + 0.3-10 + 0.1), Malassezia furfur (19 + 0.2-09 +
0.3) and Ustilago maydis (21 + 0.2-11 + 0.3) (Table 3). However,
the growth inhibition of the fungal pathogens fungal extracts
ranges were Candinda albicans (210.1 + 12 + 0.2), Aspergillus
niger (20 + 0.3-14 + 0.2), Fusarium oxysporum (21 + 0.1-15 +
0.3), Microsporum gypseum (22 + 0.2-14 + 0.3), Malassezia
furfur (20 £ 0.3-10 + 0.2) and Ustilago maydis (22 + 0.2-13 £+ 0.1).
There was no significant difference in growth inhibition of the
fungi by mushroom extracts (F=1.44, P=0.24). Contrastingly,
there was significant difference in growth inhibition of the fungal
pathogens by the fungal extracts (F=2.88, P=0.025) and also in
the inhibition of the fungal pathogens by mushroom and fungal
extracts (0.0022).

Discussion

The cultural and biochemical characteristics of Erwinia and
Ralstonia spp. obtained in this study are typical of the species
(Table 1). Similar results were obtained in a previous study [18].
The similarity in the results could have resulted from the use
of standard methods in isolating the bacteria. Besides, upon
purification of the cultures by sub culturing, same results should
be obtained [19].

Table 2: Antibacterial activities of mushroom and fungal extracts.
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A similar study with this one on antimicrobial activities of
mushroom and fungal extracts carried got results that differed
with the ones obtained in this study (Table 2). According to Li, et
al. [20], antimicrobial activities of mushrooms and fungal extracts
are greatly influenced by their habitat [21] which could have led
to the difference in results. The lack of significant difference in
the size of inhibition between the bacterial pathogens could
have arisen from the similar biochemical pathways utilized
by the bacteria [22]. The antifungal metabolites extracted in
this study were not effective in inhibiting growth among Gram
positive bacteria which agrees with a previous study carried out
elsewhere [23].

The results of the current study show that both mushroom and
fungal extracts are antagonistic against bacterial and fungal
pathogens (Table 3). This partly agrees with a previous study by
Ola, et al. [23]. According to Ola, et al. [24] the growth curves in
living organisms and the stage at which antimicrobial metabolites
are harvested influence the spectrum of antimicrobial activities
of the isolates [14]. Additionally, similarity in the growth
environment may also contribute to production of the same
metabolites [25].

Conclusions and Recommendations

Mushrooms and fungi produce antimicrobial metabolites that can
be exploited in treating diseases that affect man and his plants
and animals. This study established that the extracted antifungal
did not inhibit growth in gram positive bacteria. There is need to
carry further study to establish the chemical composition of the
antimicrobials.
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Extract Zone of inhibition (mm)
(ng/ml)
Sa Sp

Mushroom 10 12+0.2 11+0.1 09+0.2 08+0.2 10+ 0.1 10£0.2 10+ 0.1 12+£0.1
20 15+0.3 11+0.3 10+ 0.1 12+0.1 11+£0.2 13+£0.1 11+£0.2 15+0.1
30 17+0.3 13+0.3 13+0.2 14+0.3 12+0.1 18+ 0.1 13+0.3 16 £ 0.3
40 17+0.2 14 +0.2 14+0.1 14 +0.2 13+0.3 20+ 0.2 18+0.1 19+0.2
50 18 £ 0.1 14+£0.3 15+0.3 16£0.1 14+£0.3 22 +0.2 20£0.2 23+0.2
Fungi 10 15+£0.1 16 £0.2 0+£0.2 0+£0.2 0+£0.1 14+0.1 17 +£0.2 16 £ 0.3
20 18 £0.2 20+0.3 0+0.1 0+0.1 0+0.1 15+0.2 18+ 0.3 18+ 0.1
30 19+0.2 20+ 0.1 0+0.3 0+0.1 0+0.2 17+0.3 18+0.1 19+0.3
40 20£0.3 21+0.1 0+£0.2 0+£0.2 0+£0.1 19+0.1 20+0.2 20+0.1
50 24 +£0.2 22+0.2 0+£0.1 0+£0.3 0+£0.3 23+0.2 24 +£0.1 25+0.3

Er; Erwinia spp., Ral; Ralstonia spp., Ef; Enterococcus faecalis, Sa; Staphylococcus aureus, Sp; Streptococcus pneumoniae, Ec; Escherichia coli, Pa;

Pseudomonas aeruginosa, Pv; Proteus vulgaris
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Table 3: Antifungal activities of mushroom and fungal extracts.

Extract conc: Zone of inhibition (mm)
(ng/ml)
Fo Mg

Mushroom 10 11+£0.2 13+£0.2 08+0.3 10+£0.1 09+0.3 11+£0.3
20 14+£0.1 15+0.1 09+0.2 12+0.1 11+£0.1 14 £0.2

30 15+0.2 16+0.1 12+£9.2 13+0.3 14+ 0.3 15+0.1

40 18+0.2 19+0.3 13+0.1 15+0.2 15+0.2 19+0.2

50 18 £0.3 20+0.3 16 £0.1 19+0.3 19+0.2 21+0.2

Fungi 10 12+£0.2 14+£0.2 15+£0.3 14+0.3 10+ 0.2 13+£0.1
20 15+-2 16+ 0.3 17+0.1 15+0.2 13+0.1 16 £0.2

30 18+0.1 18+0.3 18+0.1 17+0.3 14+£0.2 18+0.1

40 19+-3 19+0.1 20+0.3 18 £ 0.1 16+£0.2 19+£0.3

50 21 +-.1 20£0.3 21+0.1 22 +£0.2 20+0.3 22 +0.2

Conc.; concentration, Ca; Candinda albicans, An; Aspergillus niger, Fo; Fusarium oxysporum, Mg; Microsporum gypseum, Mf; Malassezia furfur and
Um; Ustilago maydis.
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