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Of African origin and with an estimated world production of 6.85 million tons, palm kernel oil 
contributes about 3% of the total world production of oils and fats. With such production, the world 
waste generation was about 10,026 × 10

3
 tons in 2017, which represents an important environment 

issue. The present work aimed to review the literature on the main methods of extraction, applications, 
and future perspectives of Elaeis guineensis Jacq., with emphasis on its seed: palm kernel. Regarding 
its main applications, biodiesel production was highlighted, since the biomass generated can be used 
as a substitute for fossil fuels in energy production.  
 
Key words: Elaeis guineensis Jacq., palm kernel, extraction of vegetable oils, biodiesel. 

 
 
INTRODUCTION 
 
Palm kernel is an oleaginous seed found in Elaeis 
guineenses Jacq. fruits. Historically, the demand for its 
grains was much higher than that for oil, due to its high 
consumption. Progressively, the export of grains 
increased considerably along with the  demand  for  palm 

kernel oil, beginning their exports around 1832. The 
export growth rate declined a few decades after the 
Second World War (Atinmo and Bakre, 2003; Corley and 
Tinker, 2016). 

The  palm  kernel  crop  has   important  socioeconomic
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representation for the countries that produce it. They are 
grown both by smallholders on family farms and on large-
scale plantations (Kusumaningtyas and Van Gelder, 
2017). Currently, palm kernel is among the world's largest 
oilseeds, with estimated production of 18.59 million tons 
in 2017 (USDA, 2018). Its main world producers are 
Indonesia, Malaysia, Thailand, Nigeria and Colombia, but 
Colombia and Thailand are the countries with the highest 
production growth rate (Index Mundi, 2018).  

The palm kernel oil can be extracted by several 
methods, such as: mechanical extraction, solvent 
extraction, microemulsion, and extraction with 
supercritical fluids (Norhaizan et al., 2013). This oil 
production presents social and environmental benefits, 
such as the generation in employment and income, and 
consequently improvement in the producer’s life quality, 
and trade development (Aziz et al., 2015). Regarding 
progress on culture and also new areas of palm kernel 
applications, several alternatives have been studied, from 
improvements in crop and new methods to obtain the oil, 
to the development of new products such as biofuels, 
cosmetics, and food products (Da Silva and Batalha, 
2013; Cros et al., 2015; Bashir et al., 2015; Da Silva and 
Engelmann, 2017). 

Palm kernel has higher productive potential compared 
to other oilseeds production costs (Zimmer, 2016), being 
considered as one of the crops responsible for supplying 
the vegetable oil world demand (Corley, 2009). It also 
presents production of approximately 10% of the total 
palm oil, being able to reach 0.4 to 0.6 MT of Palm Kernel 
Oil (PKO) per hectare (Sunilkumar et al., 2015).  

With such expressive production, this crop generates 
challenges to balance the increase of yields with the 
deforestation reduction. Also, reduction of industrial 
residues from oil extraction processes are highly required, 
since 10,026 × 10

3
 tons of Palm Kernel Cake (PKC) were 

generated in 2017 (Norhaizan et al., 2013; Index Mundi, 
2018).   

Regarding the destination given to PKC, due to its high 
energy value, is often used as an animal feed 
supplement (Hossain et al., 2011), and one way to 
guarantee the maintenance of these nutrients is to make 
the re-extraction of the residual oil present through 
supercritical fluid technology, since there is no use of 
organic solvents in it. This type of solvent would impair its 
use by the animals. 

In this way, the utilization of biomass from the palm oil 
industry, which might still present in its composition up to 
12% of residual oil, may represent an alternative for the 
production of fossil fuels, and can be used as a source of 
renewable energy, boosting regional economic 
development (Ab Rahman et al., 2012; Bezerra et al., 
2018). Thus, the objective of this study was to present 
the main aspects of palm kernel oil obtainment, as well 
as the current scenario of applications, the management 
of extraction residues, and their technological 
advances. 

 
 
 
 
METHODS OF OBTAINING PALM KERNEL OIL  
 
Currently, there are several methods that have been 
used in the process of obtaining greases, such as solvent 
extraction, mechanical pressing, supercritical fluids, 
ultrasound, and others (Borges et al., 2016). In this 
research, the focus was on the most used method for 
extracting palm kernel oil: mechanical pressing. Extraction 
by supercritical fluids will be approached as an alternative 
to recover the remaining oil of palm kernel cake. 
 
 
Mechanical pressing extraction 
 
Pressing may be defined as a compression step in which 
a liquid is exuded from a porous matrix. In the industry, 
oilseed extraction is performed with continuous screw 
presses. This step does not require heat input or organic 
solvents, thus being the least expensive part of the 
process (Subroto et al., 2015). This type of oil extraction 
requires seed pre-treatment, which may include size 
reduction, cracking, drying, sieving, etc. This is necessary 
to efficiently extract the oil from the kernels. At first, they 
must be cleaned of materials that may contaminate the 
products and cause damage to the equipment. In order to 
remove metal residues, stones, sand, and other 
undesirable materials, magnetic separators and vibrating 
screens are commonly installed (Savoire et al., 2013; 
Rombaut et al., 2015; Firdaus et al., 2017). During 
expression, the raw palm kernel oil is separated for 
clarification and the residue is cooled and stored in a 
warehouse (Figure 1).  

Malaysia produced 2.4 million tons of PKC out of 4.7 
million tons of palm kernel, in world at 2012 (Ibrahim, 
2013). As the organic solvent extraction cost is high, and 
the solvent recovery is difficult, the mechanical process is 
the most currently used. The content of PKC includes 
high contents of fiber, manganese, iron, and zinc 
(Akinyeye, 2011). The chemical and mineral compositions 
of PKC are shown in Table 1. With such composition, 
many studies have been carried out regarding the 
inclusion of PKC in animal feed (Thongprajukaew et al., 
2015; Vibart et al., 2017; Alshelmani et al., 2017; Huang 
et al., 2018). According to Alimon (2004), PKC is one of 
the most flexible feed ingredients, since it can be used in 
all types of animal rations, consequently reducing 
conventional feedstuffs importation. However, quantities 
of anti-nutritional factors present may limit their feed 
value and usage. In this case, enzymes can be added in 
animal diets in order to supplement the enzymes already 
present in the digestive system (Zamani et al., 2017). 
Besides the use in animal feed, fibers and shells can still 
be used as feed in steam boilers, being useful as raw 
material in the coal industry (Zhang et al., 2018). On the 
other hand, refined oil has applications in products of the 
most varied sectors such as in the food, cosmetic, 
pharmaceutical,  oleochemical,  and  chemical industries,     



da Costa et al.          103 
 
 
 

 
 

Figure 1. Mechanical extraction simplified flow chart of palm 
kernel oil. 
Source: Sue (2004). 

 
 
 
among others (Rezaeeet al., 2014; Septevani et al., 
2015).  

Embrandiri et al. (2012), Ibrahim (2013) and 
Subramaniam et al. (2013) specifically use the screw 
press technique to extract palm kernel oil. Ikechukwu et 
al., (2012) designed an expeller pilot plant to extract 200 
kg of oil/day. The plant was tested with an initial input of 
59.52 kg of palm kernel per hour, for 10 h. As a result, 
200.05 kg of high-quality palm kernel oil was obtained. 
Regarding the crude PKO fatty acid composition, it 
presents about 82.6% of saturated fatty acids, with the 
lauric acid as the major component, followed by myristic 
and oleic acids (Table 2). Because of its saturation 
content, this oil is very resistant to oxidation (Ibrahim, 
2013). 
 
 
Supercritical fluids extraction (SFE) 
 
Some researchers have reported the supercritical fluid 
extraction of palm kernel oil from palm kernel, obtaining 
yields up to 49.9% (Norulaini et al., 2004; Zaidul et al., 
2007). In the work of Hossain et al. (2016), the optimum 
conditions of palm kernel oil extraction were pressure of 
44.6 MPa, temperature of 60°C and extraction time of 50 
min, whose yield was approximately 49.2%. A typical 
SFE apparatus is shown in Figure 2. 

Zaidul et al. (2006) applied supercritical CO2 to 
fractionate  palm   kernel  oil  and  concentrate  C16-C18: 

2 fatty acids. Pressures ranging from 34.5 to 48.3 MPa at 
80°C were the best operating conditions to optimize the 
yield up to 99.6%. Ab Rahman et al. (2012) reported the 
re-extraction of the screw press residues using 
supercritical carbon dioxide. In their research, different 
particle sizes were tested for the highest oil yield, 
obtaining yields up to 9.26%, at 70°C and 41.36 MPa, 
sample size of 150 μm, carbon dioxide flow rate of 2.0 
ml/min, during 60 min. The increase in pressure and 
temperature, and the reduction in particle size favored 
the maximum extraction yield, as can be seen in Figure 
3. 

Krishnaiah et al., (2012) also obtained PKO from PKC, 
using supercritical carbon dioxide and ethanol as co-
solvent. The fatty acid profile and the content of vitamin E 
and sterols were evaluated. The operating conditions 
were 19.8 MPa pressure, and 51°C temperature. 
Amounts of 45, 50, and 100 ml of ethanol were used in 
the expression runs. They found out that the highest 
quantity of ethanol provided the highest extraction yield. 
Also, lauric, myristic, and oleic acids, and two types of 
vitamin E (alpha-tocopherol and alpha-tocotrienol) were 
present in the oil samples. Table 3 shows the extraction 
yield of each run and Table 4 shows the quantitative 
analysis of fatty acids, vitamin E, and sterols. 

Ab Rahman et al. (2011) evaluated the supercritical 
fluid extraction as a method that maintains the PKC 
nutritional components. They compared the nutritional 
composition  of  palm kernel fibre derived from three PKC 
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Table 1. PKC mineral content and chemical composition from 
mechanical pressing (%).  
 

Parameter  Values  

Calcium (%) 0.21 – 0.34 

Phosphorus (%) 0.48 – 0.71 

Magnesium (%) 0.16 – 0.33 

Potassium (%) 0.76 – 0.93 

Sulphur (%) 0.19 – 0.23 

Copper (ppm) 20.5 – 28.9 

Zinc (ppm) 40.5 – 50.0 

Iron (ppm) 835 – 6130 

Manganese (ppm) 132 – 340 

Molybdenum (ppm) 0.70 – 0.79 

Selenium (ppm) 0.23 – 0.30 

Dry matter 88 – 94.5 

Crude protein 14.5 – 19.6 

Crude fibre 13.0 – 20.0 

Esther extract 5.0 – 8.0 

Ash 3.0 – 12.0 

Nitrogen-free extract 46.7 – 58.8 

Neutral detergent fibre 66.8 – 78.9 

  

Metabolisable energy (MJ.kg
-1

)  

Ruminants 10.5 – 11.5 

Poultry 6.5 – 7.5 

 Swine 10.0 – 10.5 
 

Source: Adapted from Alimon (2004). 

 
 
 
samples: supercritical PKC with test (SC-PKt), 
supercritical PKC without test (SC-PK), and PKC from 
palm oil mill. Carbon dioxide was used as solvent at 80°C 
temperature and 41.36 MPa pressure. Total dietary fibre, 
crude fibre, crude protein, ash, and moisture were 
determined and compared with PKC from palm oil mill. 
Table 5 shows the respective results. They concluded 
that supercritical fluid extraction is a great technique to 
improve the fiber production and oil separation, without 
affecting its nutrient composition. SC-PKt proved to be 
superior compared to SC-PK and PKC from palm oil mill. 
SC-PKt became higher in dietary fiber and protein, while 
moisture and ash contents reduced significantly. They 
highlighted the fact that such cake might be used for 
human consumption in the future. 
 
 
USE OF PALM KERNEL FOR BIOFUEL PRODUCTION 
 
The use of residues, such as palm kernel in biofuels 
production has been reported as an alternative for the 
use of biomass from palm agro-industry (Ayetor et al., 
2015; Sukiran et al., 2017). Among these biofuels, 
biodiesel is an alternative to fossil  fuels,  because  it  has 

similar properties to those of diesel, it is a renewable 
source of energy, and when compared to diesel it is 
biodegradable, it presents lower toxicity, lower content of 
sulfurous, lower aromatic compounds, and lower 
emissions of particulates such as hydrocarbons, 
monoxide, and carbon dioxide (Prado et al., 2014; 
Farobie et al., 2016). 
 
 
Conventional production of biodiesel 
 
Many researchers have studied the biodiesel production 
with palm kernel oil (Ngamcharussrivichai et al., 2008; 
Benjapornkulaphong et al., 2009; Viele et al., 2013; 
Aladetuyi et al., 2014; Lucarini et al., 2017). Alamu et al. 
(2007) performed the PKO transesterification process 
with ethanol, using KOH as the alkali-catalyst. 100 g of 
PKO, different amounts of KOH, and 20 g of ethanol were 
used. Reaction time was equal to 100 min. 

This type of production requires the following steps: a) 
transeterification process; b) settling, in which the 
reaction mixture stands in order to facilitate phase 
separation (biodiesel and glycerol) by gravity; and c) 
washing, in which  water  is  added at 1:3 ratio (biodiesel:    
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Table 2. PKO fatty acid composition obtained from the pressing 
technique.  

 

Fatty acid Range (%) 

Caproic acid (C6:0) 0.2 – 0.4 

Caprylic acid (C8:0) 3.2 – 4.7 

Capric acid (C10:0) 2.9 – 3.5 

Lauric acid (C12:0) 45.4 – 49.8 

Myristic acid (C14:0) 15.4 – 17.2 

Palmitic acid (C16:0) 7.9 – 9.3 

Stearic acid (C18:0) 1.9 – 2.3 

Oleic acid (C18:1) 13.7 – 17.0 

Linoleic acid (C18:2) 2.1 – 2.9 

Total saturated 82.6 
 

Source: Adapted from Ibrahim (2013). 

 
 
 

 
 

Figure 2. SFE apparatus. 1, CO2 tank; 2, Cooling bath; 3, Pump; 4, Compressor; 5, Oven; 6, Extractor vessel; 7, Monitor; 
8, Vial; 9, Flowmeter; 10, CO2 Outlet; V1 – V6 Flow control valves.  
Source: Bezerra et al., 2018. 

 
 
 
water) in order to remove glycerol, soap, and fatty acids 
residues.  

In their work, the PKO biodiesel highest yield was of 
95.8% with 1.0% KOH concentration and 20.0% ethanol, 
at 60°C for 120 min. Unreacted alcohol, residual catalyst 
and emulsion removed during the washing stage count 
as process  losses.  Figure  4  shows  the  PKO  biodiesel  

variation (%) with KOH concentration (%). 
Jitputti et al., (2006) used ZrO2, ZnO, SO4

2−
/SnO2, 

SO4
2−

/ZrO2, KNO3/KL zeolite, and KNO3/ZrO2 as 
heterogeneous catalysts for PKO biodiesel production. 
They used 1:6 (oil: methanol) molar ratio. The 
temperature was equal to 200°C and the mixture stirred 
at  350  rpm. Then,  filtration  was  used  to  separate  the  
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Figure 3. Effect of pressure on extraction yield at 70°C operating temperature, 1.5 
mL/min flow rate, and ≤ 150 μm particle size.  
Source: Ab Rahman et al. (2012). 

 
 
 

Table 3. Amount of oil extracted in each run.  
 

Sample Pure CO2 45 ml ethanol 50 ml ethanol 100 ml ethanol 

Weight before (g) 62.736 62.758 61.770 61.662 

Weight after (g) 62.998 63.350 63.601 65.330 

Weight of oil content (g) 0.262 0.592 1.831 3.668 
 
 
 

Table 4. Quantitative analysis of fatty acids, vitamin E, and sterols.  
 

Sample 
Fatty acid (%) Vitamin E (ppm) 

Lauric Myristic Oleic α-tocopherol α-tocotrienol Sterol 

Pure CO2 59.3 21.1 19.5 230.0 300.0 650.0 

45 mL ethanol 59.4 21.1 19.5 229.2 302.0 660.4 

50 mL ethanol 59.5 21.2 19.3 228.0 300.6 677.2 

100 mL ethanol 59.5 21.0 19.5 233.3 309.7 678.0 
 

Source: Adapted from Krishnaiah et al. (2012). 
 
 
 

Table 5. PKC composition with testa, without testa, and from palm mill.  
 

Sample composition 

Palm kernel with test Palm kernel without test Palm kernel cake 

Before SFE PKt After SFE SC-PKt Before SFE SC-PK After SFE SC-PK 
Without 

SFE 

Totally dietary fibre (%) 61.58 63.03 57.78 58.96 60.71 

Crude fibre (%) 8.99 8.49 7.29 7.23 15.17 

Moisture (%) 10.51 3.26 11.86 3.44 6.84 

Crude protein (%) 15.61 14.40 15.01 14.06 13.56 

Ash (%) 8.58 4.34 3.96 3.55 13.92 
 

Source: Adapted from Ab Rahman et al. (2011). 
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Figure 4. Variation of KOH concentration (%) with PKO biodiesel yield (%) through traditional 
experimentation technique. 
Source: Alamu et al. (2007). 

 
 
 

Table 6. Transesterification of crude palm kernel oil with solid catalysts.  
 

Run Catalyst Methyl ester content (wt.%) Methyl ester yield (wt.%) 

1 - 32.3 30.4 

2 ZrO2 69.0 64.5 

3 ZnO 98.9 86.1 

4 SO4
2-

/SnO2 95.4 90.3 

5 SO4
2-

/ZrO2 95.8 90.3 

6 KNO3/KL zeolite 77.8 71.4 

7 KNO3/ZrO2 78.3 74.4 
 

Source: Adapted from Jitputti et al. (2006). 

 
 
 
catalyst from the product. Methyl esters were also 
separated from glycerol, which was removed. Then, the 
remaining phase (biodiesel) was washed (distilled water), 
and dried by the addition of sodium sulfate. Table 6 
shows the PKO biodiesel yield according to the catalyst 
used. They concluded that the catalysts SO4

2−
/ZrO2 and 

SO4
2−

/SnO2 can increase the PKO methyl esters yield up 
to 90.3%. Also, one hour is enough time for the biodiesel 
to reach its highest yield. Alamu et al. (2008) also 
produced PKO biodiesel through the conventional 
method, obtaining yield of 95.8%. They used 100 g of 
PKO, 20.0 g of ethanol, and 1.0% of NaOH, at 60°C, for 
90 min. 

Biodiesel production by supercritical method  
 
Other non-conventional transesterification methods have 
been recently applied. Among these, it is possible to 
emphasize the supercritical transesterification technology. 
The technique generally occurs in the absence of 
catalysts, under stringent conditions of temperature and 
pressure with the use of sophisticated equipment and 
with high energy requirements. The process is 
advantageous, since a product is obtained at a shorter 
reaction time, no waste of water, high purity, and with 
greater tolerance to impurities such as water and free 
fatty   acids   than   with   conventional   techniques  using  
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Figure 5. Schematic diagram of the continuous transesterification reactor system. 1, High-pressure 
pumps; 2, methanol reservoir; 3, vegetable oil reservoir; 4, nitrogen cylinder; 5, preheaters; 6, 
reactor; 7, salt bath; 8, temperature monitoring system; 9, cooling bath; 10, inline filter; 11, pressure 
monitoring system; 12, back pressure regulator; and 13, sample collector, 
Source: Bunyakiat et al. (2006). 

 
 
 
catalysts (Rodríguez-Guerrero and Rosa, 2013; Salam et 
al., 2016) (Figure 5). 

The transesterification reaction, when performed under 
ambient conditions, favors the formation of two phases 
and the mass transfer controls the kinetics until there is 
esters formation. In the supercritical state, the alcohol 
forms a single phase with the oil, due to the dielectric 
constant reduction, causing the acceleration on the 
reaction speed, since there is no interference of the mass 
transfer between the interface to limit the reaction speed. 
Due to the elevation of temperature and pressure there is 
also the modification of other properties of alcohol such 
as viscosity, specific gravity, and polarity (Farobie et al., 
2016; Román-Figueroa et al., 2016; Bezerra et al., 2018). 

Especially using the supercritical method for PKO 
transesterification, Bunyakiat et al. (2006) achieved, in 
only 400 s, a methyl ester conversion of 96% at 1:42 (oil: 
methanol) molar ratio, 350°C and 19 MPa. They found 
out that by increasing the temperature from 270 to 300°C 
and 350°C, methyl ester conversions also increased. 
Regarding the molar ratio, when the methanol content 
increased, methyl ester conversion increased as well. 
This is favorable in as much as excess alcohol is 
desirable and also because it contributes to reduce the 
mixture critical temperature. Figures 6 and 7 show the 
effect of temperature and alcohol: oil molar ratio on the 
yield of methyl esters.  

In the same way, Sawangkeaw et al. (2011) obtained 
93.7% of alkyl esters conversion, with molar ratio, of 
1:42, 325°C and 18.0 MPa. Performing a process 
optimization, they found out that to reach a methyl esters 
content of over 96.5%, the minimal molar ratio is 1:40. 
The  supercritical   method    transesterification    can   be 

economically feasible despite the high operational cost 
(high energy requirements and equipment costs), through 
the technique improvement, for example with the addition 
of suitable cosolvents causing reduction of the mixture 
critical point, decreasing time, alcohol: oil molar ratio, 
reaction pressure, and temperature (Muppaneni et al., 
2013; Micic et al., 2014; Kuss et al., 2015). 
 
 
FINAL CONSIDERATIONS 
 
The abundant and inexpensive availability of PKC that 
comes from the mechanical pressing process has 
attracted attention due to its potentiality to become an 
energy source and an effective ingredient in the feed 
formulation for animals, since it is rich in fibers, protein, 
and energy contents. However, in order to overcome 
some anti-nutritional factors present enzymes addition 
has presented promising results. 

The palm kernel oil extraction main product, due to its 
characteristics and physic-chemical properties, is an 
excellent raw material for specific applications, such as 
cosmetics production, substitutes for cocoa butter, 
production of various foods, and biofuels, such as 
biodiesel. Also, the Malaysian Palm Oil Board (MPOB) 
has initiated research on the production of insecticides 
containing palm kernel oil, sustainable surfactants that 
can be used to formulate biodegradable cleaning 
products such as laundry detergents, oils, automotive 
lubricants and printing inks (Gan and Li, 2014). The 
supercritical extraction has proved to be an excellent 
method to recover the PKC remaining oil, since high oil 
yields   can    still     be    obtained.    Regarding   biofuels
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Figure 6. Effect of temperature on the % methyl ester conversion at various molar ratios of methanol: palm kernel oil, P = 19 MPa. 
(a) 42, (b) 24, (c) 12, (d) 6. 
Source: Bunyakiat et al., (2006). 

 
 
 

 
 

Figure 7. Effect of molar ratio of methanol: palm kernel oil on the % methyl ester 
conversion at 350°C, 19.0 MPa. 
 Source: Bunyakiat et al. (2006). 
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production, the supercritical transesterification was 
presented as an alternative to the conventional method. 
Studies showed that increasing temperature and molar 
ratio of methanol: oil also increase the yield of esters 
formed. Although supercritical technique provides short-
time reactions and eliminates the need for catalysts, this 
method presents some drawbacks due to the high energy 
consumption, since conditions of high temperature and 
pressure are required. 
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Microbial diseases remain to be a major global public health challenge. Their devastating effects have 
been exacerbated by the development of drug resistant strains. On the other hand, the biodiversity of 
tropical Basidiomycetes fungi is well recognized as an untapped source of potential bioactive 
compounds for the development of novel antimicrobials. Thus, in the current study, Basidiomycetes’ 
fruiting bodies were collected from Mt. Elgon National Park forest in Kenya. The spores were cultured 
on Yeast Malt Agar media (YMG), leading to the establishment of 12 distinct pure fungal cultures of 
Basidiomycete strains, which were characterized using ribosomal internal transcribed spacer (ITS) 
DNA. They generally belonged to genera; Inonotus, Fomitiporia, Ganoderma, Skeletocutis, 
Perenniporia, Favolaschia, Hexagonia, Polyporus, Antrodia and Echinochaete. Fungal mycelia 
were further fermented in YMG, Q6½ (cotton-seed) and ZM½ (sugar-malt) liquid media for secondary 
metabolites’ production. These were extracted using ethyl-acetate and subjected to antimicrobial 
assays against Bacillus subtilis, Escherichia coli, Mucor plumbeus and Candida albicans. Antimicrobial 
activity was exhibited in 9 out of the 12 strains cultured, where antibacterial activity was more 
pronounced than fungal antagonism. Mycelial crude extracts from strains identified as Skeletocutis 
nivea and Favolaschia calocera demonstrated the highest activities against bacteria (B. subtilis) and 
fungal pathogen (C. tenuis), respectively with minimum inhibitory concentration (MIC) values of 4.69 
µg/ml and <2.34 µg/ml, as compared to ciprofloxacin and nystatin controls which exhibited MIC values 
of <2.34 µg/ml each. In addition, crude extracts from Hexagonia sp and Inonotus pachyphloeus 
inhibited growth of E. coli at 300 µg/ml each, while M. plumbeus growth was inhibited by extracts from 
F. calocera and S. nivea at 37.5 and 300 µg/ml, respectively. These results clearly demonstrate that 
Basidiomycetes are a reservoir to antimicrobial fungal metabolites, which can be exploited as lead 
compounds to address drug resistance menace. 
 

Key words:  Drug resistance, basidiomycetes, antimicrobial, fungal metabolites. 
 
 

INTRODUCTION 
 

Infectious diseases pose a huge social and economic 
burden in the developing countries, where they are 

responsible for one in every two deaths (WHO, 2014). 
The   problem    of     infectious     diseases     has    been 
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exacerbated by development of drug resistant fungal and 
bacterial pathogens (Danishuddin et al., 2012; Ling et al., 
2015). As a result, there has been a recent rise in the total 
health care costs associated with the need for multidrug 
therapy, longer and more frequent hospital stays, as well 
as increased costs of research and development for 
alternative drugs in microbial disease management 
(Ventola, 2015). 

The fungal kingdom forms the second most diverse 
group of organisms in the universe. However, only a very 
small fraction of about 100,000 has been described so far 
and explored for the production of bioactive compounds 
(Blackwell, 2011). Nevertheless, fungi are known to 
accumulate antibacterial and antifungal secondary 
metabolites in order to survive the hostility of their natural 
environment. Thus, some of the major successful 
antimicrobial drugs currently in the market were developed 

from fungal secondary metabolites. These include 

antibiotics namely penicillins, cephalosporins and fusidic 
acid as well as antifungal agents griseofulvin, strobilurins 
and echinocandins (De Silva et al., 2013; Kozlovskii et 
al., 2013). 

Mushroom forming fungi mostly from phylum 
Basidiomycota have been used as remedies for various 
diseases traditionally, owing to their prolific production of 
secondary metabolites (De Silva et al., 2012). However, 
macro fungi of the phylum Basidiomycota, are less 
intensively investigated targets despite the fact that they 
contain compounds with potential antimicrobial activities. 
Novel compounds of different biogenetic origins isolated 
from Basidiomycota have been shown to have 
antibacterial and antifungal properties among other 
pharmacological activities (De Silva et al., 2012; Wasser 
2011). Hence, these mushrooms make a vast yet 
untapped source of new antimicrobials.   

In the present study, we screened pure cultures of 
phenotypically diverse Basidiomycetes fungal strains for 
antimicrobial compounds production, as a first step 
towards isolation of active or potential leads for the 
development of novel antimicrobial drug compounds that 
can offer an alternative to microbial disease management 
without the negative impact of synthetic drugs.  
 
 

MATERIALS AND METHODS 
 

Fungal material preparation 
 

Basidiocarps were collected from Mt. Elgon National Park forest in 
Kenya, located at 1.1635°N, 34.5930°E. A piece (7 mm) of the cap 
was sliced and stuck on the lid of the petri dish and the left 
overnight for the spores to fall into the YMG (Yeast-Malt-Medium) 
media (10 g/L malt extract, 4 g/L glucose, 4g/L yeast extract, 20 g/L 
agar and pH 6.3) amended with streptomycin sulphate (1.5 mg/ml) 
antibiotic. Sub-culturing of fungal mycelia into fresh media without 
antibiotics was thereafter performed to establish axenic cultures. 
 
 

DNA extraction and amplification 
 
Genomic DNA was extracted from the mycelia obtained from axenic 

cultures using EZ-10 Spin Column Fungal Genomic DNA Mini-
Preps kit (BIO BASIC INC.), following the manufacturer‘s 
instructions. The nuclear ribosomal DNA barcoding region Internal 
Transcribed Spacer (ITS), was amplified using the ITS1F 
(CTTGGTCATTTAGAGGAAGTAA) and ITS4 (TCCTCCGCTTATT 
GATATGC) forward and reverse primers, respectively (Gardes and 
Bruns, 1993; White et al., 1990). The amplification was conducted 
using a 25 µl polymerase chain reaction (PCR) reaction mix 
consisting of 2 µl (0.5 µg) fungi genomic DNA and 23 µl PCR 
master mix (12.5 µl JumpStart Taq Ready Mix (Sigma-Aldrich), 9.5 
µl water, 0.5 µl (10 pmol) ITS1-F and ITS4 primers. The 
amplification was conducted using Eppendorf Mastercycler under 
the following program cycle; initial denaturation at 94°C for 5 min, 
followed by 34 cycles of denaturation, annealing and elongation for 
2 min, at 94, 52 and 72°C, respectively and final extension at 72°C 
for 10 min. To confirm successful PCR amplification and the quality 
of ITS rDNA amplicons, 3 µl aliquots of PCR products were mixed 
with 2 µl Midori green loading dye and resolved on 0.8% agarose 
gel. Gel electrophoresis was conducted at 100v for 30 min in 
1×TAE buffer and the gel viewed under non-hazardous Nippon 
Genetics White light LED trans-illuminator. 
 
 
DNA sequencing and phylogenetic analysis 
 
The PCR amplified ITS fragments were purified using EZ-10 Spin 
Column PCR product purification kit (BIO BASIC INC.) following the 
manufacturer‘s instruction. These were then bidirectional-
sequenced using Sanger technique. The consensus sequences 
were assembled in Geneious software version 11.0.4 (Kearse et al., 
2012) and subjected to BLASTN search on the National Centre for 
Biotechnology Information (NCBI)-GenBank database 
(https://blast.ncbi.nlm.nih.gov/genbank/) to determine the identity of 
the axenic fungal strains. The evolutionary relatedness of the fungi, 
was established by multiple sequence alignment of the sequenced 
ITS rDNA fragments using Clustal X version 2.0 (Larkin et al., 2007) 
and sequence edition using Jalview version 2 (Waterhouse et al., 
2009). A phylogenetic tree based on neighbor joining method with 
1000 bootstrap replications, was then constructed using Geneious 
Tree Builder plugin implemented in Geneious software as described 
by Kearse et al. (2012), and viewed using iTOL (Interactive Tree of 
Life) version 3.6.1 online tool (http://itol.embl.de/) (Letunic and Bork, 
2016). 
 
 
Fermentation and extraction of fungal metabolites 
 
The axenic fungi cultures were cultivated separately in liquid media 
for production of antimicrobial secondary metabolites based on the 
procedure described by Stadler et al. (2003). The cultivation media 
were YMG (without agar), ZM½ (Sugar-Malt-Medium; 5 g/L 
molasses, 5 g/L oatmeal, 4 g/L saccharose, 4 g/L mannitol, 1.5 g/L 
glucose, 1.5 g/L calcium carbonate, 0.5 g/L Edamin, 0.5 g/L 
ammonium sulphate and pH 7.2) and Q6½ (Cotton Seed Flour-
Medium; 2.5 g/L glucose, 10 g/L glycerin, 5 g/L cotton seed flour 
and pH 7.2). The liquid media were autoclaved for 30 min at 121°C 
and 15 pa. For each axenic fungi culture, 5 mycelial fungal plugs (7 
mm) were transferred into 500 ml Erlenmeyer flasks containing 200 
ml of cultivation media and then propagated in a rotary shaker at 
23.8°C and 140 rpm in the dark. Glucose exhaustion was tested 
using sterile glucose strips after every two days and the fungal 
metabolites harvested 3 days after glucose depletion.  

Extraction of fungal metabolites was achieved by initial 
separation of the mycelial and supernatant (culture media) portions 
by filtration. The supernatant portion was then extracted using an 
equal volume of ethyl acetate solvent and filtered through anhydrous 
sodium sulphate. The resultant supernatant ethyl acetate extract 
was  dried  using  a  rotary  evaporator  and  its  weight determined.
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Table 1. Identified Basidiomycete fungal isolates based on top hits of BLASTN search on NCBI-GenBank database using 
sequenced ITS rDNA PCR amplicons. 
 

Fungal strain code NCBI corresponding species E-value GenBank accession number 

KE/16-101 Inonotus pachyphloeus 0.0 KP030785.1 

KE/16-103 Perenniporia sp 0.0 JQ673013.1 

KE/16-189 Skeletocutis nivea 0.0 KJ140619.1 

KE/16-152 Favolaschia calocera 0.0 DQ026249.1 

KE/16-163 Fomitiporia sp 0.0 GU461958.1 

KE/16-125 Antrodia sp 0.0 KC543176.1 

KE/16-176 Ganoderma sp 0.0 JQ520185.1 

KE/16-193 Polyporus arcularius 0.0 KR673445.1 

KE/16-138 Hexagonia sp 0.0 KKY948738.1 

KE/16-115 Skeletocutis nivea  0.0 KJ140619.1 

KE/16-153 Inonotus sp 0.0 JF895464.2 

KE/16-198 Echinochaete brachypora 0.0 AB462320.1 

 
 
 
The mycelial portion was also extracted with an equal volume of 
acetone in an ultrasonic bath for 30 min and the solvent removed in 
a rotary evaporator. The remaining portion was then partitioned with 
an equal amount of ethyl acetate and extracted in a similar manner 
to the supernatant portion to afford a dry ethyl acetate mycelial 
extract. 

 
 
Antimicrobial activity determination using the serial dilution 
assay method 

 
The minimum inhibitory concentration (MIC) was then determined 
for the supernatant and mycelial ethyl acetate crude extracts using 
the serial dilution assay method as described by Halecker et al. 
(2014) and Okanya et al., (2011), against selected microbial test 
pathogens. Fungal test pathogens used were M. plumbeus 
(filamentous fungi) MUCL 49355 and C. tenuis (yeast cells) MUCL 
29982, whereas the bacterial test organisms used were B. subtilis 
(Gram-positive) DSM10 and E. coli (Gram-negative) DSM498. The 
serial dilution assays were conducted using 96-well microtiter 
plates, using liquid EBS (0.5% casein peptone, 0.5% glucose, 0.1% 
meat extract, 0.1% yeast extract, 50 mM (11.9 g/L) HEPES, pH 7.0) 
and YMG media for bacterial and fungal test organisms, 
respectively. Bürker Neubauer counting chamber was used to 
establish a microbial working cell concentration of 105 CFUs/ml. A 
multichannel pipette was then used to pipette 150 µl aliquots of 
microbial pathogen-media mixture into 96-well microtiter plates. An 
additional 130 µl pathogen-media mixture was added to the first row 
(A1-A12) of the assay plate. Then, 20 µl of the test samples (4.5 
mg/ml) dissolved in methanol were loaded to the wells of the first 
rows, with the last two wells loaded with 20 µl of the negative 
(methanol) and positive controls. The positive controls used were 
1mg/ml nystatin for fungal test organisms and 1mg/ml ciprofloxacin 
for bacterial pathogens. The contents of the first row (A) were then 
mixed using a multichannel pipette and 150 µl transferred to the 
adjacent row (B). Further, a 1:1 serial dilution was performed in 
subsequent rows (C-H) and 150 µl discarded after the last row (H). 
Hence, a decreasing extract and antibiotic concentration in the 
range of 300 µg/ml to 2.34 µg/ml and 100 µg/ml to 0.78 µg/ml from 
A-H, respectively were screened. The 96 well microtiter plate was 
then incubated at 30° C in a microplate-vibrating shaker (Heidolph 
Titramax 1000) at 450 rpm. The plates were checked for inhibition 
after 24 hours for bacteria and 48 hours for fungal test organisms 
and the MIC determined.  

RESULTS 
 
Fungal identification 
 

Basidiomycete fruiting bodies collected had similar 
morphological characteristics with regards to sporocarp 
colour and shape with exception of a few (Supplementary 
Material 1). Out of 14 morphologically distinct fruiting 
bodies collected, axenic cultures were successfully 
prepared from 12 fungi following sliced sporocarp culture 
on YMG media. The 12 cultures differed in their cultural 
growth rates, ranging from 15 to 70 days to attain full-
plate growth. Generally, the colour of mycelia cultures 
growing on YMG media was either white, cream, brown, 
or a combination of the colors (Supplementary Material 
2). 

PCR amplification of genomic DNA obtained from the 
12 fungi using ITS1F and ITS4 primers, produced 
expected amplicons of between 500-700bp. The PCR 
amplicons (ITS) were sequenced and their sizes ranged 
between 527 and 688 nucleotides long (Supplementary 
Material 3). Alignment using Clustal X revealed great 
variation of the rDNA ITS region nucleotide residues. 
Furthermore, BLASTN analysis of the sequences 
revealed that all the strains were from phylum/division 
Basidiomycota and class Agaricomycetes (Table 1). The 
identities of the 12 strains were based on the best 
matches with sequence similarity of ≥ 97-100%, query 
coverage ≥ 80% and e-values of zero. However, the best 
matches for strains KE/16-101 corresponding to Inonotus 
pachyphloeus and KE/16-198 to Echinochaete 
brachypora, had lower query coverages of 76 and 74%, 
respectively. Generally, BLAST search revealed that the 
fungi collected from Mt. Elgon were of the genera; 
Skeletocutis, Perenniporia, Echinochaete, Ganoderma, 
Hexagonia, Fomitiporia, Antrodia, Favolaschia, Inonotus 
and Polyporus (Table 1). 

The evolutionary history of the 12 study sequences and 
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Figure 1. An evolutionary tree obtained from the analyses of the rDNA ITS sequences of the fungal strains 
under study (red) and their closest relatives obtained from GenBank (black) using iTOL online program. 
The trees were calculated with Geneious Tree Builder (implemented in Geneious 11.0.4), using Neighbor-
Joining approach followed by 1000 bootstrap replications. The accession numbers precedes the genus 
name for the strains obtained from GenBank, whereas the fungal strain code precedes the genus names 
for the study strains. Orders: Po; Polyporales, Ag-Agaricales and Hy-Hymenochaetales. 

 
 
 
58 related sequences obtained from GenBank inferred 
using Neighbor Joining (NJ) method, confirmed that three 
taxonomic orders were represented by the 12 fungi 
strains collected from Mt. Elgon forest. These were; 
Hymenochaetales, Polyporales and Agaricales. The tree 
also resolved into various fungal families including; 
Hymenochaetaceae (Inonotus sp and Fomitiporia 
aethiopica), Polyporaceae (Polyporus arcularius, 
Hexagonia sp, Ganoderma sp, Skeletocutis nivea), 
Mycenaceae (Favolaschia calocera) and 
Fomitopsidaceae (Antrodia sp) (Figure 1).  

MIC determination using fungal crude extracts 
 
MIC assay against B. subtilis and E. coli 
 
In the MIC assay, antimicrobial activities of secondary 
metabolites extracted from mycelium and supernatant 
was observed in 9 out of the 12 fungal strains. Secondary 
metabolites from KE/16-175, KE/16-103 and KE/16-153 
did not show any antimicrobial activities against all the 
tested microorganisms. However, irrespective of the 
source (mycelium or supernatant), secondary metabolites  
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Table 2. Minimum inhibitory concentrations (µg/ml) of crude secondary metabolite extracts from culture medium (supernatant) and 
mycelia extracts of 12 Basidiomycete fungi against bacterial and fungal microbial test pathogens. 
 

Strain code Identity Medium Extracts E. coli B. subtilis C. tenuis M. plumbeus 

KE/16-101 Inonotus pachyphloeus YMG S - - - - 

   
M - - 150 - 

  
Q6 1/2 S 300 - - - 

   
M - 300 - - 

  
ZM 1/2 S - - 37.5 - 

   
M - - - - 

KE/16-125 Antrodia sp Q6 1/2 S - 75 - - 

   
M - 300 - - 

KE/16-198 Echinochaete brachypora YMG S - - - - 

   
M - 300 - - 

  
Q6 1/2 S - 37.5 - - 

   
M - 18.75 - - 

KE/16-163 Fomitiporia sp YMG S - - - - 

   
M - 300 - - 

KE/16-152 Favolaschia calocera YMG  S - - 4.69 75 

   
M - - <2.34 37.5 

KE/16-193 Polyporus arcularius YMG S - - - - 

   
M - - 300 - 

KE/16-138  Hexagonia sp YMG S 300 37.5 - - 

   
M - 150 - - 

KE/16-189 Skeletocutis sp YMG S - - - - 

   
M - 75 - - 

  
Q6 ½ S - 9.38 - - 

   
M - 4.69 - 300 

KE/16-115 Skeletocutis sp YMG S - - - - 

   M - 150 - - 
 

S-supernatant extract; M-mycelial extract; (-) Not active; Controls-ciprofloxacin (bacteria), Nystatin (fungi). 

 
 
 
extracted from strains KE/16-101, KE/16-198, KE/16-163, 
KE/16-125, KE/16-138, KE/16-189 and KE/16-115 
fermented in Q6½ and YMG media were active against 
B. subtilis (Table 2). Notably, the mycelial extracts from 
KE/16-189 and KE/16-198 strains fermented in Q6½ 
medium demonstrated the highest inhibitory activities at 
concentrations of 4.69 and 9.38 µg/ml, respectively. The 
supernatant extracts from these strains demonstrated 
inhibitory activities against B. subtilis at relatively lower 
concentrations of 9.38 and 18.75 µg/ml for KE/16-198. In 
addition, extracts from the strain KE/16-125 strain 
fermented in Q6½ medium demonstrated antimicrobial 
activity at 37.5 µg/ml (mycelial extract) and 300 µg/ml 
(supernatant extracts) against B. subtilis. Interestingly, for 
the strain KE/16-101, only the mycelial extracts inhibited 
growth of B. subtilis at higher concentration of 300 µg/ml. 

Generally, mycelial extracts from fungi strains 
fermented in YMG medium were more active against B. 
subtilis than from supernatant. The mycelial extracts 
obtained from strains KE/16-189, KE/16-138, KE/16-163 
and KE/16-198 showed  activity  at  MIC  of  75, 150  and 

300 µg/ml, respectively against the B. subtilis. However, 
only the YMG supernatant extracts from strain KE/16-138 
demonstrated minimum inhibitory activity against the B. 
subtilis at 37.5 µg/ml. The positive control (ciprofloxacin) 
gave an MIC value of <2.34 µg/ml in all the tests that 
were performed against B. subtilis. Similar to B. subtilis 
assay, secondary metabolites extracted from fungi 
fermented in YMG and Q6½ media showed activity 
against E. coli. However, unlike the former where the 
mycelial and supernatant extracts were active, only the 
supernatant extracts obtained from KE/16-138 and 
KE/16-101 demonstrated inhibitions against E. coli at 300 
µg/ml. The positive control (ciprofloxacin) gave an MIC 
value of <2.34 µg/ml in all the tests that were performed 
against E. coli (Table 2). 
 
 
MIC assay against M. plumbeus and C. tenuis 
 
M. plumbeus and C. tenuis growth was inhibited by 
secondary  metabolites  fermented using Q6 ½, YMG and 



 
 
 
 
ZM ½ media. Notably, the mycelial and supernatant 
extracts from KE/16-152 fermented in YMG media 
demonstrated very low MIC values of <2.34 and 9.38 
µg/ml against C. tenuis, respectively, unlike for M. 
plumbeus where higher MIC values of 150 µg/ml and 75 
µg/ml were obtained for mycelial and supernatant 
extracts, respectively. The ZM ½ supernatant extracts 
from strain KE/16-101 also demonstrated a remarkable 
low MIC value of 37.5 µg/ml against C. tenuis, whereas 
the strain‘s YMG mycelial extracts showed activity 
against C. tenuis at 150 µg/ml. In addition, YMG mycelial 
and supernatant extracts from strain KE/16-193 and Q6 
½ mycelial extract from KE/16-189 demonstrated mild 
activities at 300 µg/ml against C. tenuis and M. 
plumbeus, respectively. The positive control, nystatin 
produced MIC values of <2.34 µg/ml for C. tenuis and 
18.75 µg/ml for M. plumbeus (Table 2). 
 
 
DISCUSSION 
 
Fungal identification 
 
Morphological-based identification of fungi species for a 
long time has been the basis of fungal taxonomy. 
However, during collection and culturing of axenic 
Basidiomycetes fungi, phenotypic characteristics could 
not be relied upon due to similarities in cap colors and 
shapes as well as cultural characteristics. Therefore, the 
more reliable molecular identification techniques based 
on sequencing of the ITS1-5.8S-ITS2 rDNA region 
flanked by ITS1F and ITS4 primers was used. The ITS 
rDNA reliability and effectiveness in Basidiomycetes‘ 
identification had earlier been demonstrated by various 
studies (Schoch et al., 2012; Pryce et al., 2003). 
Therefore, the successful amplification of the respective 
ITS regions clearly demonstrated the efficiency of ITS1F 
and ITS4 primers in identification of fungi belonging to 
Basidiomycetes group, this is in line with earlier reports 
by Blaalid et al. (2013). In addition, other studies have 
also reported that ITS1 and ITS5 primer pairs are also 
biased towards the identification of Basidiomycetes, while 
pairing primers ITS2 or ITS3 with ITS4 have preferentially 
identified Ascomycetes (Bellemain et al., 2010).  

Comparing the sequenced ITS rDNA fragments using 
CLUSTAL/W confirmed that 
the 12 axenic fungi cultures were indeed different strains, 
since there was no full sequence 
similarity albeit a few short sequences. The BLASTN 
search tool used after fungal ITS rDNA sequencing aided 
in the successful identification of 6 out of the 12 fungal 
strains namely; KE/16-103 (Perenniporia sp), KE/16-153 
(Inonotus sp), KE/16-176 (Ganoderma sp), KE/16-138 
(Hexagonia sp), KE/16-125 (Antrodia sp) and KE/16-163 
(Fomitiporia sp) to the genus level. Similarly, it revealed 
the identity of only 6 cultured strains to the species level 
(KE/16-198  (Echinochaete  brachypora),  KE/16-193  (P.  
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arcularius), KE/16-189 (Skeletocutis nivea), KE/16-115 
(Skeletocutis nivea), KE/16-152 (Favolaschia calocera) 
and KE/16-101 (Inonotus pachyphloeus)).  The use of 
BLASTN search tool in identification of the axenic fungi 
collected from Mt Elgon exhibited drawbacks, and this 
could be due to databases limited taxonomic scope for 
the available rDNA ITS sequences. In addition, fungal 
databases have also been reported to contain 
inaccurately identified sequences (Ko et al., 2011). For 
these reasons, there are documented examples of failure 
of BLAST hits reliability in fungi identification, hence 
leading to wrong conclusions (Christen, 2008). The NJ 
method used in deducing the evolutionary relationship of 
the axenic fungi generated a well resolved tree. The tree 
revealed that all the axenic fungal strains cultured 
belonged to phylum Basidiomycota. Furthermore, it also 
revealed that they can be grouped into 3 Orders namely; 
Hymenochaetales (KE/16-101-Inonotus pachypholeus, 
KE/16-153-Inonotus sp and KE/16-163-Fomitiporia sp), 
Polyporales (KE/16-125-Antrodia sp, KE/16-138-
Hexagonia sp, KE/16-198-Echinochaete brachypora, 
KE/16-175-Ganoderma sp, KE/16-193 P. arcularius, 
KE/16-103-Perenniporia sp and Skeletocutis nivea 
(KE/16-115, KE/16-189) and Agaricales (KE/16-152-
Favolaschia calocera) (Figure 1). Interestingly, similar 
taxa (Orders) had been reported previously in Eastern 
Africa (Decock and Bitew, 2012; Decock et al., 2005; 
Wagner and Fischer, 2002; Ryverden and Johansen, 
1980). Despite the fact that strains KE/16-115 and KE/16-
189 could not be distinguished morphologically, whereas 
BLAST search associated them to S. nivea, phylogenetic 
analyses revealed that they were different species 
(Figure 1). S. nivea has not been reported in Africa unlike 
in South America, Europe and Asia (Robledo and 
Rajchenberg, 2007). The use of the rDNA ITS region in 
identification of the fungal strains is not also devoid of 
short-comings due to the high variability among the ITS 
sequences, however, it has been useful in separation of 
species (Lindahl et al., 2013). For instance, in our study 
KE/16-115 and KE/16-189 belonging to the same genus 
(Skeletocutis), and non-distinguishable due to their 
similar morphological characteristics did not cluster 
together on the phylogram (Figure 1). This clearly 
demonstrates that they are likely to be two distinct 
species of the same genus. However, the rDNA ITS 
region is too variable to cater for evolutionary relatedness 
at higher taxonomic ranks such as orders and families 
(Lindahl et al., 2013). Therefore, this probably explains 
why, it was difficult to attain perfect alignment of 
sequences at the family level of taxonomy for some 
strains; that is, KE/16-101 and KE/16-163 associated with 
Inonotus sp and Fomitiporia sp respectively which belong 
to Hymenochaetaceae family, as well as KE/16-125 
identified as Antrodia sp (Fomitopsidaceae), which 
instead clustered on the phylogram with fungi of family 
Polyporaceae (Figure 1). Nevertheless, there are reports 
suggesting  that  the  use  of  nuclear large subunit (LSU)  
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rDNA primers could be a better alternative due to its 
resolution at higher levels of taxonomy compared to ITS 
(Porter and Golding, 2012). 
 
 
Antimicrobial assays 
 
Antimicrobial activities against bacteria were 
demonstrated by fungi strains associated with genera 
Hexagonia, Skeletocutis, Echinochaete, Inonotus, 
Antrodia and Fomitiporia after BLASTN search on 
GenBank database (Table 2). In addition, fungal test 
organisms were also inhibited by the extracts from strains 
identified as Favolaschia calocera, Inonotus 
pachyphloeus, S. nivea and P. arcularius. The variation 
of antagonism per growth medium formulation and 
source either mycelia or supernatant was evident, 
suggesting that the production of bioactive secondary 
metabolites to some extent was influenced by various 
growth media. The variation of culture media contents 
has been shown to have significant impact on the 
diversity and quantity of bioactive fungal compounds (Pu 
et al., 2013) and thus in line with the diverse antimicrobial 
activities as observed in this study. 

Fungi strain (KE/16-189 and KE/16-198) which were 
identified as S. nivea and Echinochaete brachypora 
seemed to produce secondary metabolites that inhibit 
Gram positive bacteria (B. subtilis), as demonstrated by 
their low MIC values of 4.69 and 18.75 µg/ml, 
respectively, for mycelia cultured in Q6½ as compared 
with ciprofloxacin positive control (<2.34 µg/ml). E. 
brachypora was taxonomically described by Ryvarden 
and Johansen (1980), however, there are no previous 
reports on the bioactivities of the strain. Ethyl acetate 
extracts from KE/16-138 cultured in YMG media were 
also highly active against B. subtilis. Similarly, a study 
conducted by Rosa et al. (2003), reported a high growth 
inhibition of B. cereus by Hexagonia hynoides. 
Interestingly, in the present study, the supernatant 
extracts were more active compared to the mycelial 
extracts, suggesting that the secondary metabolites 
secreted into the growth media during fermentation 
contained more potent active compounds. In fact, only 
the supernatant extracts of KE/16-138 inhibited E. coli in 
this study (Table 2). In addition a study by Al-Fatimi et al. 
(2013), also demonstrated that Hexagonia velutina had a 
considerable higher antifungal activity against 
Trichophyton mentagrophytes than Nystatin reference 
antibiotic. However, in the present study KE/16-138 did 
not demonstrate any antifungal activity. 

Antrodia daedaleiformis was first reported in East Africa 
by Ryvarden and Johansen (1980). However extensive 
published works have only been performed on Antrodia 
camphorata which is predominantly used as medicine in 
Asia (Geethangili and Tzeng, 2011). In the present study, 
supernatant and mycelial ethyl acetate extracts from 
KE/16-125 belonging to  genus  Antrodia  in  Q6½  media  

 
 
 
 
showed activity against the gram positive B. subtilis. The 
antimicrobial activities of the fungal genus have been 
attributed to presence of terpenoid compounds 
predominant in the fruiting bodies and mycelial cultures 
(Geethangili and Tzeng, 2011). On the other hand, 
Fomitiporia aethiopica was first reported in the Ethiopian 
highlands and described by Decock et al. (2005). The 
secondary metabolites isolated from KE/16-163-
Fomitiporia sp exhibited moderate antibacterial activity 
against B. subtilis, in particular YMG mycelial extracts, 
although there is no previous documented research on 
the bioactivities of the genus. Nevertheless, various 
studies have reported the association of some species of 
genus Fomitiporia with Esca disease of the grapevine 
(Graniti, 2006; Fischer et al., 2005).  

KE/16-152 identified as Favolaschia calocera 
demonstrated the highest antifungal activities against 
both filamentous fungi (<2.34 µg/ml) and yeast cells (9.38 
µg/ml) (Table 2). Similar results were reported for F. 
calocera from a previous study by Chepkirui et al., 
(2016). The strong antifungal activity had previously been 
attributed to presence of four oxostrobilurins derivatives 
obtained from the YMG mycelial extracts. However, in the 
current study, both the supernatant and mycelial extracts 
of YMG media showed activity against the fungal test 
pathogens. In addition, mild antifungal activity was shown 
against the C. tenuis by KE/16-193 identified as P. 
arcularius in the current study. This is in line with an 
earlier report indicating that crude extracts isolated from a 
fungus belonging to genus Polyporus, have been used in 
treatment of various ailments such as urinary tract 
infections, edema and diarrhea (Zhao, 2013). 
Furthermore, methanolic extracts of P. squamous 
demonstrated excellent antagonism against 
Pseudomonas aeruginosa without toxicity to hepatocytes 
(Fernandes et al., 2016). The antimicrobial activities of 
the fungal genus have been majorly attributed to steroids, 
anthraquinones, polysaccharides and nucleosides (Zhao, 
2013). 

Although, antimicrobial activities have not been 
reported so far on Inonotus pachyphloeus, the fungus 
strain KE/16-101 identified as I. pachyphloeus, exhibited 
mild antimicrobial activity on E. coli and moderate 
inhibitory effects on C. tenuis in this study. Nevertheless, 
reports from previous studies on related species I. 
hispidus and I. obliquus demonstrated their antimicrobial 
potential (Glamočlija et al., 2015; Suay et al., 2000).  I. 
hispidus was reported to contain phenolic compounds 
hispolon and hispidin, which could be responsible for its 
high activity against a human isolate Aspergillus 
fumigatus (Suay et al., 2000). In addition, I. obliquus 
ethanolic and aqueous extracts exhibited lower 
antibacterial activity against Pseudomonas aeruginosa, 
as compared to the control antibiotics. I. obliquus extracts 
also demonstrated a higher activity compared to 
ketoconazole antifungal against Trichoderma viridae and 
Penicillin  oochrochloron   (Glamočlija    et     al.,    2015). 



 
 
 
 
Although the extracts from strains KE/16-175, KE/16-103 
and KE/16-153 identified as Ganoderma sp, Perenniporia 
sp and Inonotus sp respectively, were not active against 
any of the microbial test pathogens used, antimicrobial 
activities have been reported for some species. 
Nonetheless, Ganoderma lucidium was reported as the 
most famous traditionally used medicinal mushroom 
(Alves et al., 2012). Also, its various extracts have been 
found to be effective in a similar level to gentamycin 
sulphate against bacterial pathogens, with the acetone 
extract being the most potent. In addition, highest 
activities against both Gram positive and Gram negative 
bacteria especially Micrococcus luteus were obtained 
with the aqueous extracts. Moderate inhibitions against 
B. subtilis and S. aureus have also been reported 
(Quereshi et al., 2010). Perenniporia sp has been 
described taxonomically by studies done by Decock and 
Bitew (2012) however, there are no documented 
bioactivities of the strain. Therefore, absence of any 
significant antimicrobial activity by KE/16-103 was also 
noted in this study. 
 
 
Conclusions 
 
The results obtained in the current study, clearly 
demonstrated that the crude extracts obtained from 
Basidiomycetes‘ cultures possessed significant 
antibacterial and antifungal activities. The fungal 
metabolite output was shown to be enhanced by media 
contents variation owing to diverse nutrient preferences 
by different strains. There also exists a great diversity 
among Basidiomycetes fungi in the undisturbed sections 
of tropical forests such as the Mt. Elgon. Therefore, large 
scale fermentation, fractionation, purification and 
toxicological studies of the compounds present in other 
bioactive Basidiomycetes fungal strains as well as those 
reported herein can be carried out. This will lead to the 
identification of novel secondary metabolites responsible 
for the antimicrobial activities, hence their exploitation as 
leads in the discovery of antimicrobial drug compounds to 
keep up pace with the evolution of ‗superbugs‘. 
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SUPPLEMENTARY MATERIAL 
 

 
 
Supplementary Material 1: Sample Basidiomycete fruiting bodies collected from dead wood in Mt Elgon forest: (A) 
KE/16-189-Tyromyces sp; (B) KE/16-175-Ganoderma sp; (C) KE/16-163-Fomitiporia aethiopica and (D) KE/16-198-
Echinonaete brachypora. 

 
 
 

 
 
Supplementary Material 2: Morphological characteristics of 12 axenic fungi cultures grown on semi-solid YMG 
media.(1) KE/16-165 (Antrodia sp); (2) KE/16-193 (Polyporus sp); (3) KE/16-101 (Inonotus pachyphloeus); (4) KE/16-
176 (Ganoderma sp); (5) KE/16-152 (Favolaschia calocera); (6) KE/16-153 (Inonotus sp); (7) KE/16-138 (Hexagonia sp); 
(8) KE/16-198 (Echinochaete brachypora); (9) KE/16-103 (Perenniporia sp); (10) KE/16-163 (Fomitiporia sp); (11) KE/16-
189 (Skeletocutis nivea) and (12) KE/16-115 (Skeletocutis nivea). 
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Supplementary Material 3: rDNA ITS sequences obtained from sequencing. Genomic fungal DNA was sequenced using ITS1-F and ITS4 
forward and reverse primers respectively. 
 

No. Strain Code rDNA ITS Sequences 

1. KE/16-152 GGTGAACCTGCGGAAGGATCATTATTGAATACGATTGGTACTGATGCTGGCTCTTAACAGGGCATGT
GCTCGTGCCGTCTATTTATCTTCTCTTGTGCACATTTTGTAGTCAGTGAATTGGAAACTATGCGTGCT
TTCATTAGTACGGTCTGGAGGCTGATTAAACCCTGCTTCTGTTCCTCTGCGCACTCTTTACTGAGTTG
CGGTCTGGGAGTTGTTAACCCTTCTCCTGCTTCACTGACTATGTTTTCATATACCTTATAAAGTCATA
GAATGTCATTTAACTTGATTGCGCTCGTCGTAGTCGTTAAACCTATACAACTTTCAGCAACGGATCTC
TTGGCTCTCCTATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGA
ATCATCGAATCTTTGAACGCACCTTGCGCCCTTTGGTATTCCGAAGGGCATGCCTGTTTGAGTGTCA
TTAAATTATCAACCTTAGCTTGCTTTATTGCGAGCTTAAGGCTTGGATGTGAGGGCTGCTGGCTTCCT
TCAGTGGATGGTCTGCTCCCTTTAAATGCATTAGTGGGATTCTCTTTGTGGACCGTCACTTGGTGTG
ATAATTATCTACGCCGCTTGACTTGCAGAGATTGAGACCTGCTCATAACGTCCAT 

2. KE/16-101 GTGATTTGAGGTCAAAGTGTCAAGAAGTCCGGTGAAGGGATCCTTGTCCAACTTAAGGACGATTAGA
GGCAGACCCGTTAGGCAAGCGTTCTGGTGAAGTGATAATTATCACACCGTAAACGCAGACCAAAGT
CCAGCCAATGTATTTGAGAGGAGCCGACCAAACCAAAGGCAACACAACACGGTTACCTGGGGCCAG
CAAAAACCTCCAAGTCCAAACCGCCACCCCTTTCCGTGAAGAAAGGACAAGTGGTTTGAGATTAACA
TGACACTCAAACAGGCATGCCCCTCGGAATACCAAGGGGCGCAAGGTGCGTTCAAAGATTCGATGA
TTCACTGAATTCTGCAATTCACATTACTTATCGCATTTCGCTGCGTTCTTCATCGATGCGAGAGCCAA
GAGATCCGTTGTTGAAAGTTGTATTTCATTATCGCTCACAACGAGCATTACCATTCACATAACAATCA
AAGTGTGTTTGTAATATTAGCCAAAAGCCTTCATAACCTTCCTTTTCTCTAATAAGGCCCTTTTCTGCC
GGTTAGCATACTTCAAAGCCCGTTCATTACAGAGACTACTCCCTTTGGTTCTAGGGGCCCGGGGTAA
AAGGATTACCAAAAATTGGGCCTCTTTCCACGTCAGCACAGACCTCTCGCTTTCAAAACTCGATAAT
GATCCTTCCGCAGGTTC 

3. KE/16-103 CTGCGGAAGGATCATTATCGAGTTTTGACTGGGTTGTAGCTGGCCTTCCGAGGCATGTGCACGCCC
TGCTCATCCACTCTACACCTGTGCACTTACTGTGGGTTTCAGATGTTATTAGCGGGGCCTTTACGGG
TCTCGTGAAAGCGTCTGTGCCTGCGTTTATTACAAACTCTTACAAGTAACAGAATGTGTATTGCGATG
TAACGCATCTATATACAACTTTCAGCAACGGATCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGA
AATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACCTTGCGCTCC
TTGGTATTCCGAGGAGCATGCCTGTTTGAGTGTCATGAAATCTTCAACCTATAAGCCTTTGCGGGTTT
TTATTAGGCTTGGACTTGGAGGCTTGTCGGCCCAGCGGTCGGCTCCTCTTAAATGCATTAGCTTGAT
TCCTTGTGGATCGGCTCTCGGCGTGATAATTGTCTACGCCGCGACCGTGAAGCGTTTAGCAAGCTT
CTAATCGTC 

4. KE/16-125 CTGATCTGAGGTCAAAGGTCAAGATGAATTGTCCTTTAGCAGGAGATTAAGAAGCTGACACCCATAC
AACATGCTTCACAGAACAGTGTAAACAAATTATCACACTGAAGCTGATTCACAAAAGGTTTCAAGCTA
ATGCATTCAAGAGGAGCTGAACACAGTAGTATCCAGCACACTCCAAATCCAAGCTCCATTCACAGAA
ATGAATAGAGTTGAGAATTCCATGACACTCAAACAGGCATGCTCCTCGGAATACCAAGGAGCGCAAG
GTGCGTTCAAAGATTCGATGATTCACTGAATTCTGCAATTCACATTACTTATCGCATTTCGCTGCGTT
CTTCATCGATGCGAGAGCCAAGAGATCCGTTGCTGAAAGTTGTATATAGATGCGTTACACGCAATAG
ACATTCTTTAAACTGGTTGTGTGTGGGTAAAAACATAGGAAAGACCACAGAGCAAAATCAATGAAGA
CTTCACTCCAAGAGCCTAATCTACAGTGTGTGCACAGGGGTGAGAGAGGATAATGATCAGGGTGTG
CACAATGCCGCAGCCAGCAACAACCCCTTTCAAGATTCATTAATGATCCTTCCGCAGGTTCAC 

5. KE/16-176 CTGATTTGAGGTCAGAGGTCATAAAGCTGTCTTCAAGTAAGACGGTTAGAAGCTCGCCAAACGCTTC
ACGGTCGCGATGTAGACATTATCACACCGAGAGCCGATCCGCAAGGAACCAAGCTAATGCATTTAA
GAGGAGCCGACCGACAAAGGGCCGACAAGCCTCCAAGTCCAAGCCTACAAACCCCAAAAAGCTTGT
AGGTTGAAGATTTCATGACACTCAAACAGGCATGCTCCTCGGAATACCAAGGAGCGCAAGGTGCGT
TCAAAGATTCGATGATTCACTGAATTCTGCAATTCACATTACTTATCGCATTTCGCTGCGTTCTTCATC
GATGCGAGAGCCAAGAGATCCGTTGCTGAAAGTTGTATATAGATGCGTTACATCGCAATACACATTC
TAATACTTTATAGTGTTTGTGATAAACGCAGGCACAGACGCGCTTCATGAGCCCCGCAAGGAGCACG
CTTCACGGTCTGAAACCCACAGTAAGTGCACAGGTGTAGAGTGGATGAGCAGGGCGTGCACATGCC
TCGGAAGGCCAGCTACAACCCAGTCAAAACTCGATAATGATCCTTCCGCAGGTTCA 

6. KE/16-193 CCTGCGGAAGGATCATTATCGAGTTCTGAAACGGGTTGTAGCTGGCCTTCCGAGGCATGTGCACGC
CCTGCTCATCCACTCTACACCTGTGCACTTACTGTGGGTTTCAGGAGCTTCGAAGCGAGGGTTTAAC
CGCTCTCGCCGAGTTGTTACTGGGCCTACGTTTATCACAAACTCTTAAAAGTATCAGAATGTAAACG
CGTCTAACGCATCTATATACAACTTTCAGCAACGGATCTCTTGGCTCTCGCATCGATGAAGAACGCA
GCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACCTTGC
GCTCCTTGGTATTCCGAGGAGCATGCCTGTTTGAGTGTCATGAAATTCTCAACCTAACAAGTTCTTAA
CGGGGCTTGCGTAGGCTTGGACTTGGAGGCTTGTCGGCTCTTAGCAGTCGGCTCCTCTCAAATGCA
TTAGCTTGGTTCCTTGCGGATCGGCTCACGGTGTGATAATTATCTGCGCTGCGACCGTTGAAGCGTT
TAATGGCCAGCTTCTAAT 
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7. KE/16-115 GAGGTCGAGTCAAAGATTATTACTCTGTCTTAAAAGACAACTAGAAGCGGAATTCCATACATGTGCTTA
GACAGCTACAGCGTAGACAATTATCACACTGAAGCTAGACCTGAGCAAAGATTTCCAGCTAATATATT
CAAGAGGAGCAGATTTATTACTAAACCTGCAAAGAGACCTCCAAATCCAAAGCACCAACATCATCAAA
AAATGAAGAGGGCTTTGAGAATACCATGACACTCAAACGGGCATGCCCTTCGGAATACCAAAGGGCG
CAAGTTGCGTTCAAAGATTCGATGATTCACTGAATTCTGCAATTCACATTACTTATCGCATTTCGCTGC
GTTCTTCATCGATGCGAGAGCCAAGAGATCCGTTGCTAAAAGTTATATATAATGCGTTATTTAAGCGCA
AGAGACATTCATGATACAGCGTGTGTGAATGAAACATAGGAAGGCGTCAACAACTAGAGAGGAACCT
AAGTTCTTCTCCTGTATCAACCATCCTACAATATGTGCACAGGTGTTAAAGATGAGTTGGATTTGAGCG
AAGCGTGCACATGCCCCGAAAGGCCAGCTACAACTTCTTTCAAAGACTCGATAA 

8. KE/16-198 GTGAACCTGCGGAAGGATCATTAATGAGTCTTGATGCGGGGTTGCAGCTGGTCTTCATAGACACGTG
CTCACCCTGTTCAATCCACTCTACACCTGTGCACTTACTGTGGGTTGCCGGTTGACAGGCAAAGGAG
GAGTGCATGTATAATGCATGCCCTTTCTCTCTGGATCTGGCCTCACGTTTTTATTACACACAAGTATTA
GAATGTGTACTGCGATGTTGTAACGCATTTATATACAACTTTCAGCAACGGATCTCTTGGCTCTCGCAT
CGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTT
GAACGCACCTTGCGCTCCTTGGTATTCCGAGGAGCACGCCTGTTTGAGTGTCATGAAATTCTCAACCT
TATATGCCCTTGTTATGGGGGTCTGTAAAGTTGGACTTGGAGGTGTATTGTCAGCTTGCCCTCTGCGA
GTTGGCTCCTCTCAAATGCATTAGCTTTAGTTCCTTTGTGGATCGGCTTTCGGTGTGATAGTTGTGTCT
ACGCCGTGACCGTGAAGCGTTTATGGCATAAGCTTATAAACCCCAACGCCTCTTTCCCATTCTTTGGG
ACAGCGTTCTCTTGACAATCTGCTCAA 

9. KE/16-138 ATTGAGCGAGGTCATAATAAGCTGTCTCATGCGAGACGGTTAGAAGCTCGCCAAACGCTTCACGGTC
GCGGCGTAGACAATTATCACACCGAGAGCCGATCCGCAAGGAATCAAGCTAATACGTTTAAGAGGAG
CCGACCGATATGAAACCGGCCGACAAAAGCCTCCAAGTCCAATCCTAACGAAGCCCGCAAAGACTTT
GTAGGTTGAGAATTTCATGACACTCAAACAGGCATGCTCCTCGGAATACCAAGGAGCGCAAGGTGCG
TTCAAAGATTCGATGATTCACTGAATTCTGCAATTCACATTACTTATCGCATTTCGCTGCGTTCTTCATC
GATGCGAGAGCCAAGAGATCCGTTGCTGAAAGTTGTATATAGATGCGTTACATCGCGATACACATTCT
GATACTTTGTGGTTTGTAGTAAAACGCAGGCCCGATCAACGACCGCAACCCGTGAAGGCGCGACCGT
CTCCCGAAACCCACAGTAAGTGCACAGGTGTAGAGTGGATGAGCAGGGCGTGCACATGCCTCGGAA
GGCCAGCTACAACCCGTTTCAAAACTCGTTAAT 

10. KE/16-153 AAGCGAGACTTGTTGCTGGCGCGTGGAAACGCGCATGTGCACGGTTTTCGCGCTCAAATCCATCTCT
TTAAACCCCACTGTGCACCTATAAATCGCGAGTCGAAGTTAGTAGTCTTTTTTGGGGGGAGAAGGAGT
GGGTGTGTTGTTGGTCTTTTGTAAGWAAATCAGTAGAAAGGTGAAATCGGKTGAGCTTACTTACCCGG
TAGTAATCTTTTGAACGTCGAAAGCAAAAGTGAAAACRATCTTCTTCCTATTCCTCCGTTCGGGCGAAG
GCTTTGGCTTGTGTGTGTTATTACACAAACACCTTTAATTGTCTTTGTGAATGTATTTGCTCCTTGTGG
GCGAAAATAAATACAACTTTCAACAACGGATCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGAAAT
GCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACCCTGCGCCCCCTG
GTATTCCGAGGGGCAYGCCTGTTTGAGTGTCATGTTAATCTCAAACCGCTAGTCTYTCTTAATTGAAG
GGCTCTGAGGTTTGGACT 

11. KE/16-189 TTATCGAGTCTTTGAAGAAGTTGTAGCTGGCCTTTCGGGGCATGTGCACGCTTCGCTCAAATCCAACT
CATCTTTAACACCTGTGCACATATTGTAGGATGGTTGATACAGGAGAAGAACTTAGGTTCCTCTCTAGT
TGTTGACGCCTTCCTATGTTTCATTCACACATGCTGTATCATGAATGTCTCTTGCGCTTAAATAACGCA
TTATATATAACTTTTAGCAACGGATCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGAAATGCGATA
AGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCAACTTGCGCCCTTTGGTATTCC
GAAGGGCATGCCCGTTTGAGTGTCATGGTATTCTCAAAGCCCTCTTCATTTTTTGATGATGTTGGTGCT
TTGGATTTGGAGGTCTCTTTGCAGGTTTAGTAATAAATCTGCTCCTCTTGAATATATTAGCTGGAAATC
TTTGCTCAGGTCTAGCTTCAGTGTGATAATTGTCTACGCTGTAGCTGTCTAAGCACATGTATGGAATTC
CGCTTCTAGTTGTCTT 

12. KE/16-163 TTGAGGCAAGGGTCAAAAATGGTTTAAGGTAACAGAGTACCTGTCTGACACATAGGCAGACTATTGGA
AGCAGACAGTCTAAGTAAGCACTGGTGAATATAGATAGAAAACTATTACACCAAACAATGCGAACTAC
AGTCCAGCTAATGCATTTGAGAGGAGCCGATACAGACAGTACCAGCATACATATTGCCTCCAAGTCCA
AGCCCCTTCTTCAATTAAGAAAAAGAGGATTGAGAATTACATGACACTCAAACAGGCATGCCCCTCGG
AATACCAAGGGGCGCAAGGTGCGTTCAAAGATTCGATGATTCACTGAATTCTGCAATTCACATTACTT
ATCGCATTTCGCTGCGTTCTTCATCGATGCGAGAGCCAAGAGATCCGTTGTTGAAAGTTGTATATTTGT
ATTTCGCTCACAGGAGCATTACACATTCACAGGAACAAGAAAATGTTTGTATAGGTAAAAGTCAAAGTG
TTCATAGTAAGTAAAGCCAAGATCATTACTACTGCCAGAAGGGGTACCC 
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