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ABSTRACT

The evolution of pathogens into resistant strains has reduced the effectiveness of most antibiotics in the market today.
This calls for discovery of new drugs which requires variations in the methods of culturing antibiotic producing
actinomycetes. This study aimed at isolating actinomycetes from the volcanic soils of Menengai crater and comparing
liquid and solid state fermentation of selected actinomycetes in antibiotic production. Soil samples were collected from
randomly selected sampling points from Menengai crater. Actinomycetes were isolated using starch casein, Luria Bertani
and starch nitrate agar media. The test for antibiotic property of the isolated actinomycetes was done against
Staphylococcus aureus (ATCC 25923), Streptococcus pneumoniae (ATCC 49617), Pseudomonas aeruginosa (ATCC
27853), Proteus vulgaris (ATCC 49990), Candida albicans (ATCC 10231), and Fusarium oxysporum (ATCC 16608. Four
actinomycetes coded PAN 15, PAN 42, PAN 70 and PAN 100 were selected based on size of the zone of inhibition and
broad spectrum of activity. Liquid and solid fermentation was used in producing antibiotics from the selected
actionmycetes. Extraction of antibiotics was carried out using ethyl acetate and the susceptibility test done against the
selected pathogens using Kirby Bauer disc diffusion test. Cytotoxicity of the antibiotics was carried out using brine
shrimp lethality bioassay. There was no significant difference in the number of actinomycetes isolated using starch
casein, Luria Bertani and starch nitrate agar media (P= 0.34). In addition, there was no significant difference in the
zones of inhibition between the isolates (P=0.00071). The yield of the crude antibiotic extract between liquid and solid-
state fermentation varied significantly (P = 0.0056). The LCso values ranged from 2. 68+0.27 ug/ml in PAN 15 to
4.97+0.11ug/ml in PAN 100. Solid state fermentation produced high amounts of antibiotics than liquid fermentation.
There is need to characterize the antibiotics produced by the selected actinomycetes.
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INTRODUCTION

The development of resistant pathogens, evolution of new diseases coupled with the toxicity of some
drugs in the market today demands for search of new antibiotics [1]. As much as good progress has been
made in biosynthesis of biomolecules, nature presents the richest and the most versatile source of new
drug leads [2].

Actinomycetes are the largest producers of antibiotics in the world today [3]. The antibiotics are diverse
in structure and usage [4]. Streptomyces spp. has produced over 70% of the currently known antibiotics
[5]- In recent years, the discovery of novel antibiotics has greatly declined due to exhaustion of common
sources of actinomycetes [6]. Different environments present varying growth conditions to actinomycetes
thus influencing the amounts and types of metabolites to be synthesized [7]. Therefore, if novel
metabolites are to be found, unique environments such as Menengai crater needs to be explored [8].
Many attempts to isolates actinomycetes from un- and under-explored soil habitats have been made [9].
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Previous studies are pointing at extremophilic actinomycetes as the most promising source for
antibiotics. This has been attributed to their unique community structure and diverse metabolic
pathways [10]. However, little is known and documented about the diversity and the antibiotic potential
of actinomycetes from volcanic craters [11]. In isolation of actinomycetes, different media have been
suggested [12]. Among them is yeast malt extract agar, tyrosine agar, starch casein agar, glycerol
asparagine agar, starch yeast extract agar and glycerol yeast extract agar. The composition of growth
media is important for growth and production of antibiotics by actinomycetes [13]. Solid-state
fermentation refers to the growth of microorganisms on solid substrates without the presence of free
liquid between substrate particles [14]. There are two types of solid matrices. Natural solid materials
such as foodstuffs and agricultural by-products which act as the main source of nutrients are one category
of the matrices [15]. The second category constitute an inert solid support supplemented with nutrients
for microbial growth [16]. These solid materials serve as a physical support for growth through where
metabolites can be released by the actinomycetes [17]. This study aimed at isolating actinomycetes from
Menengai crater using different media and determining growth and antibiotic production by the isolates
under liquid and solid-state fermentation.

MATERIAL AND METHODS

Description of the study area

The study was carried out in Menengai crater that rises to a height of 2,278m above sea level. The crater
is a product of a volcanic eruption that occurred about 200,000 years ago. Menengai crater is a dormant
volcano which has high temperature geothermal resource at a temperature of around 88°C. After the
eruption, the sides of the volcanic crater collapsed inwards forming a large hole in the crust, called a
caldera [18].

Soil sampling

Soil samples were collected at a depth of 5-10 cm using a soil auger from 16 randomly selected sampling
points and mixed to make a composite sample. The composite sample was transported to the Department
of Biological Sciences laboratories in Egerton University. The sample was heat treated at 55°C in a hot air
oven to Kkill vegetative microorganism. The sample was stored at 4°C awaiting further processing and
isolation of actinomycetes [19].

Isolation of actinomycetes

The composite sample was sieved using 250um pore size sieve. Briefly, 2g of the composite sample was
placed on aluminium foils and heat treated at 120°C using a hot air oven (Heidolph Laorota, 4001, Buchi
Vacuum Conroller V-805) for 1h [20]. Serial dilution was carried out from 10-! to 10-6. Actinomycetes
were isolated using Luria Bertani (M1), Starch casein (SC) and Starch nitrate (SN) agar media. The media
were supplemented with 25ug ml-1 nystatin to suppress growth of fungi and 10ug ml-! nalidixic acid to
suppress growth of other bacterial species [21].

Primary and secondary screening of actinomycetes for antagonism against test pathogens
Staphylococcus aureus (ATCC 25923), Streptococcus pneumoniae (ATCC 49617), Pseudomonas aeruginosa
(ATCC 27853), Proteus vulgaris (ATCC 49990), Candida albicans (ATCC 10231), and Fusarium oxysporum
(ATCC 16608) were used as test organisms. Primary screening for antagonism was carried out using
perpendicular method while secondary screening was carried out using Kirby Bauer’s disc diffusion
bioassay [22]. Based on broad spectrum of activity and size of the zone of inhibition, four actinomycetes
abbreviated PAN 15, PAN 42, PAN 70 and PAN 100 were selected for further analyses. The selected
actinomycetes were characterized using morphological characteristics, Gram’s staining and Anaytical
Profile Index (API) strips [23].

Extraction of crude metabolites

Liquid state fermentation

Briefly, PAN 15, PAN 42, PAN 70 and PAN 100 were each inoculated into 3L Luria Bertani (M1) broth, and
incubated at 28+2°C in a shaker (200 rpm) for 7d. The broths were filtered using Millipore filters
(Millipore Millex-HV Hydrophilic PVDF 0.45 Zm). To each culture filtrate, equal volume of ethyl acetate
was added and centrifuged at 5000 rpm for 10 min [24]. The extracts were concentrated using a rotary
evaporator (Heidolph Laborota, 4001, Biichi Vacuum Controller, V-805) at 40 + 2°C. The concentrated
extracts were placed in pre-weighed evaporating dishes and the remaining solvent evaporated using a
dry heat oven (Schwabach, DIN 40050-1P20, V= 240, Hz 50/60) at 40 + 2°C and the weights of the extracts
determined. Each extract was suspended in ethyl acetate and the antibiotic property determined against
the test pathogens using Kirby Bauer disc diffusion technique [25].
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Solid state fermentation

Each of the four isolates PAN 15, PAN 42, PAN 70 and PAN 100 was plated on 3L of Luria Bertani agar
(M1) using streak plate technique. The Petri plates were incubated at 28+2°C for 7d. The agar was cut
into small pieces using a spatula and separately placed in conical flasks. Ethyl acetate was added at the
ratio of 1:1 by volume and shaken using an orbital shaker (Gallenkamp, Model 10X 400) for 1h at 200
rpm. The solid material was filtered off using Whatman number 1 filter papers and the extracts
concentrated using a rotary evaporator (Heidolph Laborota, 4001, Biichi Vacuum Controller V-805) at
40+20C. Each extract was placed in a pre-weighed evaporating dish and the excess solvent evaporated
using a hot air oven (Schwabach, DIN 40050-1P20, V=240, Hz 50/60) at 40+2°C and the weights
determined. Antibiotic property of each extract was carried out using Kirby Bauer’s disk diffusion
bioassay [26].

Determination of cytotoxic activity of the antibiotic metabolites

Concentrations ranging from 2 to 31ug/mL of each antibiotic extract was placed in vials. Briefly, 5mL of
brine and 10 previously hatched shrimps were added and incubated at 25°C. The surviving shrimps
determined after 24h. The LCso values of each antibiotic extracts were computed using regression and
probit analysis [27].

Data analysis

The data obtained was analyzed using Statistical Package for Social Sciences (SPSS) Version 25.0
software. The diameter of the zones of inhibition were compared using One-way ANOVA. The results of
cytotoxicity test were analyzed using regression and probit analysis. A P value of < 0.05 was considered
statistically significant.

RESULTS

Actinomycetes from Menengai crater

There was no significant difference in the number of actinomycetes isolated using starch casein, Luria
Bertani and starch nitrate (P= 0.34). The mean actinomycetes isolates varied from 1.47x103 CFU/g of soil
in starch casein to 2.34x103 CFU/g of soil in Luria Bertani.

Table 1: Number of actinomycetes (CFU/g) isolated from soils of Menengai crater using different

types of media.

Dilution factor | Starch casein | Luria Bertani | Starch nitrate
101 3.0x103 4.0 x103 3.3x103

102 2.7 x103 3.5x103 3.0x103

103 2.5x103 3.0x103 2.7x103

104 2.1x102 3.0x103 2.4x103

105 1.9 x102 2.8 x102 2.1x102

10-6 1.8 x102 2.6 x102 1.8 x102

Mean 1.47x103 2.34x103 1.97x103

Each value represents the mean value (2SD) of five independent replicates.

Antibiotic property of broth extracts of actinomycetes from Menengai Crater

There was no significant difference in the zones of inhibition between the isolates (P=0.00071). The mean
zone of inhibition varied from 18+0.3mm in PAN 100 to 19+0.3mm in PAN 70 (Table 2).

Table 2: Zones of inhibition (mm) of the test pathogens by broth extracts of the selected

actinomycetes
Isolate S. aureus | S.pneu | P.aerugi | Pvulga | C. albicans | F. oxyspo | Mean
PAN 15 | 20+0.2 21+0.3 | 18+0.3 | 18+0.2 | 19+0.3 18+0.2 19+0.2
PAN 42 | 19+0.2 20+0.2 | 19+0.2 | 19+0.2 | 18+0.2 19+0.3 19+0.1
PAN70 | 21+0.3 22+0.3 | 20+.03 | 17+0.3 | 19+0.3 17+0.2 19+0.3
PAN 100 | 20+0.3 21+0.2 | 18+0.3 | 18+0.3 | 17+0.2 19+0.2 18+0.3

Each value represents the mean value (+SD) of five independent replicates; S. aureus; Staphylococcus
aureus, S. pneu; Streptococcus pneumoniae, P. aerugi; Pseudomonas aeruginosa; P. vulga; Proteus vulgaris
and C. albicans; Candida albicans and F. oxyspo; Fusarium oxysporum.
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Antibiotic yield in liquid and solid fermentation

The yield of the crude antibiotic extract between liquid and solid-state fermentation varied significantly
(P = 0.0056). The yield of the crude antibiotic extracts varied from 221.4+0.2 mg in PAN 42 to 249.5+0.1
mg in PAN 100 in liquid fermentation (Figure 1). On the other hand, the crude antibiotic extracts yield in
solid fermentation ranged from 670.4+0.1mg in PAN 42 to 743.7+0.3 in PAN 100.
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Figure 1: Weight (mg) of the antibiotic extracted from PAN 15, PAN 42, PAN 70 and PAN 100 using
liquid and solid-state fermentation.

Antibiotic activity of ethyl acetate extracts in liquid state fermentation

The zones of inhibition varied significantly (P=0.0089) between the extracted antibiotic metabolites. In
PAN 15, the zones of inhibition varied between 18+0.3 mm-32+0.1mm, PAN 42 (17+0.2mm-29+0.2mm),
PAN 70 (1620.1mm-34+0.1mm) and PAN 100 (16+0.3mm-20+0.2) (Table 3). However, the mean zone of
inhibition ranged from 17.83+0.1mm to 26.83+0.1mm

Table 3: Zones of inhibition (mm) after exposure of the test pathogens to ethyl acetate extracts
from liquid state fermentation of the selected actinomycetes.

Extract | S. aureus | S.pneu | P.aerugi | P.vulga | C. albicans | F. oxyspo | Mean

PAN 15 | 32%0.1 30+0.2 | 21+0.3 | 22+0.1 | 22+0.2 18+0.3 24.17+0.3

PAN 42 | 29+0.2 28+0.1 | 18+0.1 | 20+0.3 | 19+0.3 17+0.2 26.83+0.1

PAN 70 | 34+0.1 31+0.3 | 28+0.3 | 23+0.2 | 20+0.1 16+0.1 25.33+0.2

PAN 100 | 20+0.2 18+0.2 | 17+0.2 16+0.3 | 19+0.1 17+0.2 17.83+0.1

Each value represents the mean value (+SD) of five independent replicates; S. aureus; Staphylococcus
aureus, S. pneu; Streptococcus pneumoniae, P. aerugi; Pseudomonas aeruginosa; P. vulga; Proteus vulgaris
and C. albicans; Candida albicans; F. oxyspo; Fusarium oxysporum.

Antibiotic activity of ethyl acetate extracts in solid state fermentation

There was a significant difference in the zones of inhibition between the extracted antibiotic metabolites
(P=0.0086). The zones of inhibition in PAN 15 varied from 23+0.3mm to 37+0.1mm, PAN 42 (22+0.2mm-
34+0.2mm), PAN 70 (21£0.1mm-39+0.1mm) and PAN 100 (20+0.3mm-25+0.2mm) (Table 4). The mean
zone of inhibition ranged from 22.50+0.1mm to 30.33+0.2mm.

Table 4: Zones of inhibition (mm) after exposure of the test pathogens to ethyl acetate extracts
from solid state fermentation of the selected actinomycetes.

Extract | S. aureus | S.pneu | P.aerugi | P.vulga | C. albicans | F. oxyspo | Mean

PAN 15 | 37%0.1 35+0.2 | 26x0.3 | 27+0.1 | 27+0.2 23+0.3 29.17+0.3

PAN 42 | 34+0.2 33+0.1 | 23+x0.1 | 25+0.3 | 24+0.3 22+0.2 26.83+0.1

PAN 70 | 39+0.1 36+0.3 | 33x0.3 | 28+0.2 | 25+0.1 21+0.1 30.33+0.2

PAN 100 | 25+0.2 23+0.2 | 22+0.2 | 20+0.3 | 24+0.1 21+0.2 22.50+0.1

Each value represents the mean value (+SD) of five independent replicates; S. au; Staphylococcus aureus,
S. p; Streptococcus pneumoniae, P. ae; Pseudomonas aeruginosa; P. vu; Proteus vulgaris and C. al; Candida
albicans; F. ox; Fusarium oxysporum.
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Cytotoxicity of the antibiotics from the selected actinomycetes

The mortality of brine shrimps varied in PAN 15 varied from (50 - 100%), PAN 42 (60 - 100%), PAN 70
(26 - 100%) and PAN 100 (16 - 99%) (Table 5). The LCso values ranged from 2. 68+0.27 pg/ml in PAN 15
to 4.97+0.11pg/ml in PAN 100.

Table 5: LCso values of crude antibiotic metabolites on brine shrimp lethality bioassay.

Antibiotic extract | Sample conc. (ug/ml) Log C % Mortality | LCso (ng/ml)
2 0.301029996 50

PAN 15 4 0.602059991 59 2.68+0.27
8 0.903089987 64
16 1.204119983 100
31 1.491361694 100
2 0.301029996 60

PAN 42 4 0.602059991 67 3.59+0.29
8 0.903089987 100
16 1.204119983 100
31 1.491361694 100
2 0.301029996 26

PAN 70 4 0.602059991 33 3.69+0.15
8 0.903089987 84
16 1.204119983 92
31 1.491361694 100
2 0.301029996 16

PAN 100 4 0.602059991 33 4.97+0.11
8 0.903089987 50
16 1.204119983 64
31 1.491361694 99

Each value represents the mean value (+SD) of five independent replicates, Conc.; concentration.

DISCUSSION

This study indicated that Luria Bertani recovered many actinomycetes from the composite soil sample
than starch casein and starch nitrate agar medium. This may be attributed to differences in the
ingredients used in making the isolation medium [28]. In addition, Luria Bertani could have provided
nutrients that were similar to those the actinomyctes were getting in the sampling site [29]. However,
[30] suggested that high numbers of actinomycetes are to be recovered in environmental samples,
nutrients almost similar to those found in the natural environment should be provided. The broth
extracts of the selected actinomycetes inhibited growth of the test pathogens presenting almost equal
sizes of zones of inhibition. This contradicted the results of a previous study [31]. This may be attributed
to differences in the actinomycetes isolates [32]. Generally, broth extracts of antibiotic metabolites
produce smaller zones of inhibition than when solvents are used to extract the antibiotics [33]. This can
be attributed to the particles of the broth media retaining some of the active components of the
antibiotics after filtration [34]. In the current study, solid agar medium produced high weights of the
antibiotic crude extracts than liquid agar medium. The results concurred with a previous study carried
out on characterization of Streptomyces sp. KB1 and its cultural optimization for bioactive compounds
production [35]. Rakesh et al [36] maintained that agar has some compounds that provides optimal
growth of the actinomycetes leading in increased production of antibiotics. According to Sharma et al
[37] liquid media has high water activity that leads to increased contamination. The increased
contamination leads to reduced growth of actinomycetes which reduces production of antibiotics [38].
The shacking conditions provided during liquid state fermentation also breaks the actinomycetes
filaments reading to reduced growth and production of acinomycetes [39]. Gram positive bacteria
presented bigger zones of inhibition than the Gram-negative pathogens. Likewise, the C. albicans gave
bigger zones of inhibition than F. oxysporum. These results were in agreement with those of a previous
study by Tortorella et al. [40]. Siro et al. [41] argued that the differences in inhibition of Gram positive and
negative bacteria can be attributed to variations in cellular components of the two categories of bacteria.
The Gram-negative bacteria have a thinner peptidoglycan layer than Gram positive bacteria which makes
them less prone to antibiotics [42]. In addition, they have an extra outer membrane layer which accords
them resistance to antibiotics [43]. The possession of filaments in addition to production of resistant
spores accords moulds the ability to resist antibiotics when compared to cellular fungi such as C. albicans
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[44]. The zones of inhibition observed from the ethyl acetate antibiotic extracts from the selected
actinomycetes using solid medium were bigger than in liquid medium. These findings support those of
another study carried out by Lema et al. [45]. Mangamuri et al. [46] asserted that among the factors
important and most crucial for microbial growth and activity in a solid-state culture are substrate type,
particle size and moisture level. Broadly speaking, smaller substrate particles provide a larger surface
area for attachment of actinomycetes [47]. On the other hand, too small substrate such as in liquid
medium affects actinomycetes respiration negatively leading to reduced growth [48]. Larger particles
such as in solid medium supports increased respiration resulting from increased aeration because of
increased inter-particle space which supports production of antibiotics [49]. The calculated LCso values of
the actinomycete metabolites indicate that antibiotics produced by isolate PAN 25 were the most toxic
while those produced by PAN 100 were the least toxic to Artemia salina. In addition, the LCso (ug/ml)
values were less than 20 indicating that the antibiotic extracts were good candidates for testing anti-
tumor properties [50]. The finding differed with a previous study carried out by Paudel et al. [51]. The
difference may be attributed to variations in the types of antibiotic extracts produced by the
actinomycetes isolates [52].

CONCLUSION
Soils from Menengai crater had actinomycetes that produced antibiotics. The selected actinomycetes
produced high amounts of antibiotics in solid than in liquid state fermentation.

RECOMMENDATIONS
There is need to characterize the selected actinomycetes using molecular techniques. The antibiotics from
the actinomycetes need to be analyzed using LC-MS and NMR.
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