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Drug resistant and opportunistic organisms are a problem to medical health due to the fact that most of 
the drugs that were used are now not effective. Currently, there is a need to search for new drugs that 
can enhance the control of these organisms. Actinomycetes and their secondary metabolites can be 
used as such drugs. This study was designed to isolate actinomycetes producing novel anti-fungal 
compounds from waste dump soil in Western Uganda. Fifty six (56) actinomycetes were isolated from 
22 waste dump soil samples. All isolates were screened using modified spektra - plak method against 
Candida albicans ATCC1023, Penicillium sp., Aspergillus sp., Fusarium sp. and Rhizopus sp. Eight 
8(14.29%) isolates showed antifungal activity to at least one test fungi during primary screening. Two 
isolates [KBRWDSa (FR) and KBMWDSb6] showed activity to all test fungi. Secondary screening was 
carried out by growing all 56 isolates in broth and their supernatant was tested for antifungal activity 
using agar well diffusion method. 11(19.64%) of these isolates showed activity against at least one test 
fungi with mean zone of inhibition 5.33 to 29.69 mm. Isolate KBMWDSb6 showed a broad spectrum 
activity against all test fungi. The remaining broths were extracted using ethanol. The ethanol extract at 
2.5 mg/ml concentration was also tested for antifungal activity using agar well diffusion method. 13 
(23.21%) isolates showed activity against at least one test fungi with mean zone of inhibition 6.33 to 
30.67mm. The findings showed that some of these isolates had antifungal activity. 
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INTRODUCTION 

 
Infections caused by drug resistant and opportunistic 
fungi especially among immuno-compromised patients 
are now a global concern; this has caused a substantial     

 
 
 
 

 
morbidity and mortality (CDC, 2016). Most of these fungi 
developed resistance to commonly prescribed drugs 
(CDC, 2016; Howard et al., 2009). Chowdhary et al. 
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(2013) reported that, Candida auris was the new 
emerging drug resistant fungus found in Japan (Satoh et 
al., 2009) and South Korea (Oh et al., 2011). This fungus 
causes fungemia and was reported to be resistant to 
fluconazole (Chowdhary et al., 2013).  

However, other fungi like Aspergillus, Fusarium, and 
Cryptococcus species have been reported to be resistant 
to the azole group of antifungal compounds (Arendrup, 
2014). Patients infected by these drug resistant fungi 
have poorer outcomes than those affected by drug 
susceptible fungi (Baddley et al., 2008; Lortholary et al., 
2011). It was also reported that patients with fungemia 
stay longer in the hospital and consumed more 
healthcare facilities (Morgan et al., 2005; CDC, 2016). 
The long stay in hospitals affects the economy of the 
patient’s family specifically and the concerned nation 
generally.  

When the population of Uganda was 35 million, 1.1 
million had HIV and about 9.2% (101,000) had a CD4 
count <200 cells/μL out of which, 2783 developed 
Cryptococcal meningitis per year with approximated 
mortality rate of 2086 per year (Parkes-Ratanshi et al., 
2013). Parkes-Ratanshi et al. (2013) also added that, 
fungal infections were estimated to be 1 million cases per 
year with exclusion of Tinea capitis. There are reports on 
increasing rate of motility due to fungal infections which 
was related to emergence of antifungal resistance (Smith 
et al., 2015). These put more demands for search of new 
antifungal compounds to face these global challenges.  

Isolation and characterization of microorganisms from 
the most extreme habitat and unstudied areas or 
geographical location is one of the ways to discover novel 
antimicrobial agents as recommended by action-
mycetologist (Monisha et al., 2011; Jagan et al., 2014). 
Actinomycetes are considered to be one of the golden 
microbes in the 20th century due to their ability to 
produce different kinds of bioactive compounds which 
includes antifungal agents (Lakshmipathy and Krishnan, 
2010; Ensieh and Maryam, 2016; Rotich et al., 2017). 
Actinomycetes have produced 80% of the discovered 
antibiotics (Masna et al., 2016). Actinomycetes are gram 
positive bacteria, widely distributed in soil and most 
abundant microbes in the soil (Jemimah et al., 2012).  

In Uganda, there is paucity of data on production of 
antifungal agents from soil actinomycetes (Nalubega et 
al., 2016). Therefore, this study was designed to isolate 
and screen actinomycetes from waste dump soil, from 
Western Uganda for novel antifungal compound(s). 
 

 
MATERIALS AND METHODS 
 
Study area and design 
 
The samples were collected from two different temperate sites, cold 
areas (Bushenyi and Kabale districts) and warm areas (Kasese and 
Mbarara districts) Western Uganda (Figure 1). The study was 
experimental laboratory research that involved isolation, 
Identification and screening of actinomycetes for production of 

  
  

 
 

 
novel antifungal compounds. 

 

Sample collection 
 
A total of 22 waste dump soil samples were collected from market 
waste dump soil, residential waste dump soil and manure plantation 
farm soil. Samples were collected from two different temperate 
areas: cold (Bushenyi 6 samples and Kabale 6 samples) and warm 
(Kasese 4 samples and Mbarara 6 samples) regions of Uganda.  

Two plots (120 cm × 120 cm) were mapped out from each 
sampling site and three samples (3 to 15 cm depth) were collected 
randomly from each of the plots using a sterile stainless spoon with 
hand core and sterile gloves to avoid contamination. The collected 
soils were mixed to have one representative sample per plot (Rinoy 
et al., 2012; Ekeke and Okonwu, 2013). The samples were placed 
in sterile polythene bags (Ismail et al., 2015) and transported to the 
Microbiology laboratory at Department of Microbiology and 
Immunology Kampala International University Western campus, 
Uganda for further study. The geographical location, soil 
temperature of each sampling site were recorded during sample 
collection while moisture content and pH of each sample were 
determined immediately using oven dried method and digital pH 
meter, respectively (Rinoy et al., 2012). 

 

Isolation of actinomycetes 
 
Isolation of actinomycetes was carried out according to the method 
described by Arifuzzaman et al. (2010) and George et al. (2012). 
Two grams of each soil sample was air dried for 10 days at room 
temperature, and approximately 1g of air dried soil sample was 
suspended in 9 ml of sterile distilled water supplemented with 0.9% 
of NaCl and incubated in a Gas bath thermostats oscillator (THZ-
82B) for 1 h at 200 rpm and 55°C. 

The suspension was serially diluted (10
-1

 to 10
-7

). 100 L from 10
-
  

2 dilution was spread on starch casein nitrate agar (composition in 
media g/L: starch 10, casein 0.3, KNO3 5, NaCl2 2, K2HPO4 2, 
MgSO4.7H2O 0.5, CaCO3 0.02, FeSO4.7H2O 0.01 and agar 18; pH 
was adjusted to 7 ± 0.2) (Sengupta et al., 2015), glycerol casein 
agar (Kuster agar) (composition in media g/L: glycerol 10, casein

  

0. 3, KNO3 2, K2HPO4 2, MgSO4 0.05, CaCO3 0.02, Fe2 (SO4)3.6H2O  
0. 01, Agar 15 and pH was adjusted to 7 ± 0.2 ) (Lakshmanaperumalsamy et 

al., 1984) and yeast extract starch casein agar (YSCA) (composition in 

media g/L: yeast extract 3, peptone 3, casein 3, starch 8, K2HPO4 0.5, 

MgSO4.7H2O 0.5, NaCl 2, agar 15 and pH 7.0 to 7.6 ) (Mincer et al., 2002). 

 

The inoculated plates were incubated at 28°C for 7 to 14 days. 
Colonies with limiting growth, appeared dry powdery or velvety, 
tough leathery or chalky texture; dry or folded and branching 
filamentous with or without aerial mycelia and clear zone of 
inhibition were chosen and sub-cultured on clean starch casein 
nitrate agar plates to obtain pure cultures (Oskay et al., 2004). The 
pure cultures were maintained on starch casein nitrate agar at 4°C 
for short storage and 30% glycerol at -80°C for long storage (Oskay 
et al., 2004; Madigan et al., 1997). 

 

Production of anti-fungal compounds 
 
Test organisms 
 
The test fungi were standard for Candida albicans ATCC1023, 
which was obtained from the Department of Medical microbiology 
Mekerere University, Kampala Uganda, while Aspergillus sp, 
Fusarium sp., Rhizopus sp. and Penicillium sp. were obtained from 
the Department of Microbiology and Immunology, Kampala 
International University Western Campus, Uganda. 
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Figure 1. Map of Uganda showing the study areas. 

 

 
Primary screening 
 
Antifungal activities of isolates were tested by modified spektra-plak 
method (Oskay et al., 2004; Madigan et al., 1997). Plates with 
potato dextrose agar supplemented with (g/l : K2HPO2 0.5, CaCO3 
0.75, MgSO4.7H2O 0.5, NaCl 2 and pH adjusted to 7 ± 4) were 
inoculated with 7 days old actinomycetes cultures by forming a 
circle of two to four different actinomycetes isolates on a plate and 
incubated for 7 days.  

72 h cell and spores of tests fungi were inoculated and incubated 
for another 3 days. Antifungal activity was observed by formation of 
inhibition zone. 

 
Secondary screening 
 
Fermentation: All isolates were subjected to fermentation; this was 
to confirm the ability to produce bioactive compounds in solid and 
liquid media (Ensieh et al., 2015). Fermentation was carried out by 
the submerged culture in Erlenmeyer flask (500 ml).  

The 7 days old culture of actinomycetes was inoculated in yeast 
extract starch broth (g/l: yeast extract 3, Peptone 3, Casein 3, 
Starch 8, Glycerol 3, CaCO3 0.75, K2HPO2 0.5, MgSO4.7H2O 0.5, 
NaCl 12 and pH 7.4) and incubated in gas bath thermostats 
oscillator (THZ-82B) at 28°C and 200 ± 5 rpm for 7 days after which 
the broth was centrifuged at 3000 rpm for 20 min and filtered using 
filter paper (Whatman No 1) (Sohan et al., 2015). 

 
 

 
Antifungal activity of fermented broth: Agar well diffusion method 

was employed to assess the antifungal activity of the fermented filtered 

broth. Cell concentration of C. albicans was adjusted at 0.5 McFarland 

turbidity standards and inoculated on potato dextrose agar plate while 

Aspergillus sp, Penicillium sp, Rhizopus sp and Fusarium sp were 

grown on Potato dextrose agar (PDA) for 72 h and spores were 

collected and inoculated on fresh PDA medium.  
Wells were bored by sterile 1000 μl micropipette tip (Hotam et al., 

2013). The wells were filled with 200 μl of supernatant of 
centrifuged broth and the plates were incubated at 28°C for 72 h. 
Amphotericin B at 50 μg/ml was used as positive control. All 
experiments were performed in triplicates. 

 
Extraction of bioactive compounds: The fermented broths were 
centrifuged and filtered. The filtered broths were extracted using a 
solvent by adding equal volume (1:1) of ethanol (95%). The solution 
was shaken vigorously on a rotatory shaker for 24 h. The solvent 
phase was collected and evaporated in hot air oven at 40°C. The 
extracts were dried and stored at 4°C for further studies (Hotam et 
al., 2013; Raja and Prabakaran, 2011). 

 
Antifungal activity of the solvent extract: The dried extracts were re-

dissolved in 2.5% dimethyl sulphoxide (DMSO) at a concentration of 2.5 

mg/ml and antifungal activity was determined by agar well diffusion 

method. Cell concentration of C. albicans was adjusted at 0.5 

McFarland turbidity standards and inoculated on PDA plates 
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using sterilized cotton swabs. While Aspergillus sp, Penicillium sp, 
Rhizopus sp. and Fusarium sp. were grown on PDA for 72 h and 
spores were collected and inoculated on fresh PDA medium, wells 
were bored using sterile 1000 μl micropipette tip (Hotam et al., 
2013).  

The wells were filled with 200 μl of 2.5 mg /ml of the extract and 
the plates were incubated at 28°C for 72 h. Amphotericin B at 50 
μg/ml was used as positive control. DMSO 2.5% was also used to 
serve as negative control. All experiments were performed in 
triplicates. 
 

 
Identification of actinomycetes 

 
The active actinomycetes isolates that showed activity during 
primary and secondary screening were identified using 
macroscopic, microscopic and biochemical methods. 
 

 
Macroscopic study 

 
The macroscopic features of the active isolates observed were 
colony colour, aerial mycelium, substrate mycelium, pigment 
production and texture. 
 

 
Microscopic study 

 
Surface appearances of the selected actinomycetes isolates were 
studied using dissecting microscope. While spores arrangements 
were studied using slide-culture method, blocks of Starch casein 
nitrate agar were cut and placed on sterile glass slides. The active 
actinomycetes isolate was inoculated on the block by streaking over 
the agar block surface, a cover slip was placed over the block, and 
the entire set up was incubated at 28°C for 7 days. The cover slip 
was removed and stained using Gram’s staining techniques.  

Cover slip was covered with crystal violet for 60 s and washed off 
with water, followed by Gram's iodine for 60 s, decolorized with 
alcohol for 05 s, and washed with water. Finally cover slip was 
stained with safranin counter stain for 1 min. After washing and 
drying, the test was microscopically observed under high power 
using phase-contrast microscope (X100) (Hotam et al., 2013; 
Kekuda et al., 2012). 
 

 
Biochemical characterization 

 
Gelatin hydrolysis: Gelatin test was carried out using methods 
described by Sundaramoorthi et al. (2011). Seven day old culture of 
active isolate was stabbed into nutrient gelatin tubes, using sterile 
inoculating needle. The tubes were incubated for 10 days at 30°C. 
Un-inoculated tube was used as a control.  

After incubation, the tubes were placed in to refrigerator, at 4°C 
for 15 min. The refrigerated gelatin tubes that remained liquefied 
were considered positive test or solid to confirm negative test. 

 
Starch hydrolysis: Starch hydrolysis test was carried out 
according to methods described by Remya and Vijayakumar 
(2008). Starch agar medium composed of (g/l): soluble starch, 20; 
yeast extract, 3; Peptone, 5; Agar 15 was prepared and autoclaved. 
Seven day old culture was inoculated in the medium and incubated 
at 30°C for 7 days. An un-inoculated plate was used as a control.  

At the end of the incubation period, iodine solution was flooded 
on the plates to observe the clear zone of hydrolysis around the 
colony. 

  
  

 
 

 
Esculin degradation: Esculin degradation test was conducted 
according to the method adopted by (Tiwarty, 2009). Seven day old 
culture was inoculated into Esculin agar slants (yeast extract, 0.3; 
ferric ammonium citrate, 0.05, agar 0.75, 0.1% of esculin and 
distilled water 50 ml) and incubated at 30°C for seven days. The 
test tube was observed for blackening the medium. 
 
Methyl red – Voges – Proskauer test (MR-VP): Methyl red – 
Voges – Proskauer test (MR-VP) was carried out according to the 
method described by Cheesebrough (2006). It was used to 
determine the ability of the organism to ferment glucose with 
production of acid. Five millilitres (5 ml) of MR-VP broth was 
inoculated with the test organism and incubated for 48 to 72 h at 
37°C.  

After incubation, 2 to 3 drops of methyl red test was added to 1ml 
of the broth. A red colour signified a positive methyl red test while 
yellow colour signified negative test. To what remained, five drops 
of 4% potassium hydroxide (KOH) was added followed by fifteen 
drops of 5% α –naphthol in ethanol. The development of red colour 
within 1 h indicates VP positive test while no colour change 
indicated VP negative test. 
 
Catalase test: Catalase test was carried out according to the 
method described by Cheesebrough (2006), to determine the ability 
of the isolate to produce the enzyme, catalase. A drop of 3% 
hydrogen peroxide was added to a loop full of the test organisms. 
Presence of bubbles indicates catalase activity. 
 
Indole test: Indole test was carried out according to the method 
described by Cheesebrough (2006), to determine the ability of the 
isolate to degrade amino acid tryptophan and produce 
tryptophanase, enzyme was tested. 1% tryptophan broth in a test 
tube was inoculated with 7 days isolate and incubated at 37°C for 
48 h.  

After 48 h, 1 ml of chloroform was added to the broth. The test 
tube was shaken gently, and 2.1 ml of Kovac’s reagent was added 
and again shaken gently, this was allowed to stand for 20 min. The 
formation of red coloration at the top layer, indicate positive while 
yellow coloration indicate negative. 
 
Urease test: Urease test was carried out according to the method 
described by Cheesebrough (2006) to determine the ability to 
hydrolyse urea to produce ammonia and carbon dioxide. Test 
organism was inoculated into urease broth and incubated at 30°C 
for 72 h. Purplish pink coloration of the medium indicates positive 
reaction. 

 
Nitrate test: Nitrate test was carried out according to the method 
described by Cheesebrough (2006), to determine the ability to 
hydrolyse nitrate to nitrite. Nitrate broth was inoculated with a 
loopful of active isolate and incubated at 28°C for 7 days. Un-
inoculated test tube was used as a control. Two drops of sulphanilic 
acid and α – napthylamine solution was added to the broth. 
Presence of red colour indicates positive reaction. 
 
Triple sugar iron test: Triple sugar iron test was carried out 
according to the method described by Vlab (2011); the test 
determines the ability of the organism to ferment the three sugar 
component of the medium: glucose, lactose and sucrose. The 
medium contains a pH indicator (phenol red) and a detection 
system (thiosulphate and ferrous sulphate) for hydrogen sulphide 
(H2S). The medium was prepared as an agar slant.  

The test organism was inoculated by stabbing the medium using 
sterilized straight wire loop and the surface of the slope was also 
streaked with the test organism. The test was incubated at 37°C for 
3 days. After incubation, gas production was determined by 
observing the cracking of the medium, and production of H2S was 
observed by the blackening of the butt (bottom) of the medium. 
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Figure 2. Suspected actinomycetes colonies in oval shape. A. Actinomycetes spp colonies on 
Glycerol casein agar, B. Actinomycetes spp colonies on Starch casein nitrate agar and C. 
Actinomycetes spp colonies on Yeast extract starch casein agar. 

 
 

 
Glucose fermentation was determined by yellowing of the butt, the 
fermentation of lactose or sucrose or both was determined by the 
yellowing of both butt and slant. 
 
Citrate utilization: This was carried out by inoculating the test 
organism in test tube containing Simon’s citrate medium and 
incubated for 24 to 72 h. The development of deep blue colour after 
incubation indicated a positive result (Cheesebrough, 2006). 
 

 
Ethical approval 

 
Ethical approval of the study was obtained from Kampala 
International University (KIU), Institutional Research and Ethics 
Committee (IREC). All experiments were performed in accordance 
to the ethical standards of the microbiology laboratory operation. 
 

 
Data analysis 

 
Data was analysed using PAST software (Version 3.14). Pearson’s 
correlation coefficient was used to compare between environmental 
factors (temperature, percentage moisture content and pH) with 
percentage colonies distribution, value at p ≤ 0.05 was considered 
to be significant. One way analysis of variance (ANOVA) was used 
to compare between antifungal activity of fermented broth and 
ethanol extract, p ≤ 0.05 was considered to be significant. 
 

 

RESULTS AND DISCUSSION 

 

Fifty six (56) actinomycetes isolates were isolated from 
22 waste dump soil samples collected from four studied 
areas in Western Uganda. The samples were collected 
from market waste dump soil, residential waste dump soil 
and manure plantation farm. Three media (Starch casein 

 
 
 

 

nitrate agar, Glycerol casein agar and Yeast extract 
starch casein agar) were used for the isolation of 
actinomycetes (Figure 2). Glycerol casein agar was found 
to support high growth of actinomycetes followed by 
yeast extract starch casein agar (Result not shown). 
Although starch casein nitrate agar showed less growth, it 
which was chosen for the storage of pure isolates due to 
its ability to support the growth of both actinomycetes 
isolated from different media.  
Table 1 below showed the results of pH, temperature, 

percentage moisture, colonies and percentage colonies 

distribution from the studied areas. The pH value ranged 

from 7.32 to 8.63 which are slightly alkaline, temperature 

was 18 to 57°C, percentage moisture content was 33 to 93%  

and  colony  and  percentage  colonies  distribution ranged 

from  1 to 6 and 1.79 to  10.71%, respectively. Although  the  

studied  areas  have  high  percentage moisture  content  

and  lower  temperature,  significant number  of  

actinomycetes  isolates  (56)  were  isolated. There was 

positive weak correlation between percentage colonies  

distribution  with  moisture  and  negative  weak correlation 

with temperature, but it was not statistically significant (r = 

0.146, p ≤ 0.05 and r = - 0.053, p ≤ 0.05, respectively). This 

was in accordance to the findings of Moselio and Joshua 

(2004) and George et al. (2012), who reported that 

environmental factors like temperature and moisture can 

affect the distribution of actinomycetes and tend to be 

abundant in wasteland than the moist soil. However, this 

was contrary to the findings of Rinoy et al. (2012),  who  

reported  negative  correlation  between actinomycetes 

loads and moisture content and positive correlation between 

actinomycetes loads and temperature. The colonies and 

percentage colonies distribution were 
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Table 1 . The pH, temperature, moisture, number of isolates and percentage distribution from the studied areas.  

 
 

Sampling site Geographical location 
 

pH 
Temperature Moisture No. of No. of 

 

  
(°C) (%) isolates isolates (%)  

     
 

 BRWDSa 00°32’31.17”S,30°08’36.16”E 7.81 20 36.98 3 5.36 
 

 BRWDSb 00°32’37.78”S,30°08’47”E 7.48 22 89.39 2 3.57 
 

 BRWDSc 00°32’34.75”S,30°08’31.86”E 8.24 25 65.56 1 1.79 
 

 BMWDSa 00°32’37.78”S,30°08’44.54’E 7.71 25 92.31 4 7.14 
 

 BMWDSb 00°32’33.54”S,30°07’57.55”E 8.53 29 47.06 2 3.57 
 

 BMWDSc 00°32’50.37”S,30°0943.66”E 7.36 32 74.83 1 1.79 
 

 KBRWDSa 01°14’53.04”S,29°58’06.23”E 8.33 20 52.85 3 5.36 
 

 KBRWDSb 01°1456.77”S,29°58’13.49”E 7.42 22 52.91 2 3.57 
 

 KBRWDSc 01°15’05.23”S,29°5907.86”E 7.65 24 93.82 2 3.57 
 

 KBMWDSa 01°15’18.34”S,30°01’12.63E 8.43 18 82.80 1 1.79 
 

 KBMWDSb 01°15’48.67”S,29°59’51.79”E 8.02 21 66.67 6 10.71 
 

 KBMWDSc 01°15’11.04”S,29°59’09.35”E 7.87 19 50.15 2 3.57 
 

 KSWDSa 00°10’35,44”N,30°4’43.76”E 7.81 49 60.77 5 8.92 
 

 KSWDSb 00°10’35,44”N,30°4’43.76”E 7.42 53 57.73 3 5.36 
 

 KSWDSc 00°10’14.26”N,30°04’56.29”E 8.01 56 48.81 1 1.79 
 

 KSWDSd 00°10’14.26”N,30°04’56.29”E 8.63 57 33.69 4 7.14 
 

 MBWDS a 00°36’13.88”S,30°39’41.29”E 7.78 29 38.12 2 3.57 
 

 MBWDS b 00°36’07.98”S,30°39’47.55”E 7.52 34 55.84 2 3.57 
 

 MBWDS c 00°36’21.73”S,30°38’36.65”E 7.57 36 48.37 1 1.79 
 

 MBWDS d 00°35’45.02”S,30°3945.64”E 8.36 39 37.36 5 8.92 
 

 MBWDS e 00°35’40.6”S,30°39’48.23”E 7.94 35 31.93 1 1.79 
 

 MBWDS f 00°35’28.13”S,30°40’03.03”E 8.01 33 56.21 3 5.36 
 

 Total      56 100 
   

BRWDS: Bushenyi residential waste dump soil, BMWDS: Bushenyi market waste dump soil, KBRWDS: Kabale residential waste dump soil,  
KBMWDS: Kabale market waste dump soil, KSWD: Kasese waste dump soil, MBWDS: Mbarara waste dump soil. 

 
 

 

found to have a positive weak correlation with pH (which 
is slightly alkaline) of the samples but, was not 
statistically significant (r = 0.206, p ≤ 0.05). This was in 
line with findings of Basilio et al. (2003) and Rinoy et al. 
(2012), who reported that actinomycetes distribution is 
affected by pH and its desired alkaline pH condition than 
acidic environment. Basilio et al. (2003) also added that, 
actinomycetes loads drop at pH less than 5 which is 
acidic.  

Eight actinomycetes isolates 8 (14.29%) showed 
antifungal activity to at least one test organism during 
primary screening. The isolates KBRWDSa (FR) and 
KBMWDSb6 showed antifungal activities to all test fungi 
(Table 2 and Figure 3). This result showed that 85.71% of 
the cultured actinomyctes isolates did not produce 
bioactive compounds in the solid medium. This could be 
due to the lacks of nutrients requirement or their cell 
structure as some actinomycetes have been reported not 
to produce bioactive compounds on the solid medium or 
the bioactive compound produced in the solid medium 
may be inactive due to presence of polar or nonpolar 
functional groups in the metabolites which may require 
particular amount of polar or nonpolar solvents to 
dissolve. This finding was similar to the previous studies 

 
 
 

 

carried out by different researchers where higher 
percentage number of the actinomycetes isolates 
subjected to primary screening failed to shows activity 
against test organism (Jemimah et al., 2012; Sohan et al., 
2015; Alireza et al., 2010; Tara et al., 2009).  

All actinomycetes isolates (56) were subjected to 
secondary screening involving two parts: Testing for 
antifungal activity of shake flask filtered broths and 
ethanol extracts. The results from the shake flask broth 
showed that some isolates that did not have activity 
during primary screening had activity after subjecting 
them into liquid broth culture and vice versa. Eleven 
actinomycetes isolate (19.64%) showed activity on at 
least one tested fungus (Table 3). The actinomycetes 
isolate KBMWDSb (M6) maintained its activity to all test 
fungi. The mean standard error antifungal activity of 
shake flask culture broth ranged from 5.33 ± 0.88 to 
29.67 ± 0.88 mm. Although isolate KBMWDSb (M6) 
produced activity to all test organisms, isolates 
KBRWDSc (D1) produced the highest mean standard 
error zone of antifungal activity against C. albicans 
ATCC1023 (29.67 ± 0.88 mm).  

The inability of isolate KBRWDSa (FR) to maintain its 
broad spectrum antifungal activity could be as result of 
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Table 2. Primary screening of antifungal activity of actinomycetes spp.  

 

Isolates code 
 Test fungi   

 

Candida albicans ATCC1023 Aspergillus sp. Fusarium sp. Penicillium sp. Rhizopus sp. 
 

 
 

BRWDSc (SP) + + - + - 
 

KBMWDSb3 (N2) - - + - + 
 

KBMWDSb6 (M6) + + + + + 
 

KBRWDSc (D1) - + - - - 
 

KBRWDSa3 (RF) + + + + + 
 

KBRWDS (N1) - - + - - 
 

KSWDSc - - + - - 
 

MBWDS f2 (J) - - - + - 
 

 
BMWDS: Bushenyi market waste dump soil, BRWDS: Bushenyi  residential waste dump soil, KBMWDS: Kabale market waste dump soil, 
KBRWDS Kabale residential waste dump soil, KSWDS: Kasese waste dump soil, MBWDS: Mbarara waste dump soil, +: positive and - : negative.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Primary screening: A: KBRWDSa3 (RF), KBMWDSb6 (M6), BRWDSc (SP) and  
MBWDS f2 (J) against C. albicans ATCC1023, B: KBMWDSb6 (M6), BRWDSc (SP), MBWDS 
f2 (J) and KBRWDSa3 against Aspergillus sp. C: KBRWDS (N1) and KBMWDSb3 (N2) against  
Fusarium sp. and D: KBM6, KSWDSc and MBWDS f2 (J) against Penicillium sp. 

 
 
 

cell structures or the bioactive compound produced in the 
liquid broth, contained non polar functional group which 
could not be dissolved in polar solvent (Tara et al., 2009). 
The result of solvent extract showed that some shake 
flask culture broth that failed to shows activity during 
screening, had activity when solvent was used for 
extraction of bioactive compounds. Thirteen (23.21%) 
actinomycetes isolates produced activity to at least one 
test organism (Table 3 and Figure 4).  

The mean standard error zones of inhibition value of 
ethanol extract ranged from 6.33 ± 0.88 to 30.67 ± 0.88  
mm. Although some fermented broth showed activity after 

solvent was used for extraction, there was a decreased in 

the zone of inhibition of antifungal activity of some fermented 

broth after ethanol was used for extraction. This could be as 

result of extraction processes, inability of solvent (ethanol) to 

extract the bioactive compounds or bioactive compounds 

were missing from ethanol segment due to presence of 

nonpolar compounds which could not dissolve in ethanol 

which is a polar solvent (Tara et al., 2009; Jirayut et al., 

2012). Comparison between fermented broth and ethanol 

extract 

 
 
 
 
mean zone of inhibition using one way ANOVA showed 
no significant difference at (p ≤ 0.05) between the two 
extracts.  

Macroscopic, microscopic and biochemical features of 
the active actinomycetes isolates was presented in Table 
4 and Figure 5. The macroscopic features of the isolates 
showed that majority were white chalky, grey and pink in 
colour, smooth to rough surface colonies with aerial and 
substrate mycelium and pigment production. Micro-
scopically, the isolates were all Gram positive and had 
filamentous structures. The biochemical and phenotypical 
features of the isolates showed similarity to the genera 
Actinomycetes as described in Bergey’s manual of 

determinative bacteriology 8
th

 edition (Buchanan et al., 
1974). 
 

 

Conclusion 

 

This finding shows that, waste dump soil of Western 
Uganda could be used as a rich source to explore novel 
actinomycete strains producing antifungal compounds. 
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Table 3. Mean standard error zone of inhibition of antifungal activity of fermented broth (FB) and ethanol extract (EE).  
 
        Mean zone of inhibition (mm)       

 

Isolate 
Candida albicans ATCC102  Aspergillus sp. Fusarium sp.  Penicilium sp.   Rhizopus sp.  

 

FB 
EE 

FB 
EE 

FB 
EE 

FB 
EE 

FB 
EE 

 

 
 

 
2.5 mg/ml 2.5 mg/ml 2.5 mg/ml 2.5 mg/ml 2.5 mg/ml 

 

         
 

BMWDSc 0.00 ± 00 0.00 ± 00 0.00 ± 00 0.00 ± 00 0.00 ± 00 10.33 ± 0.88 0.00 ± 00 0.00 ± 00 0.00 ± 00 7.67±1.20 
 

BRWDSc (SP) 16.67± 0.88 13.00 ± 2.08 19.33 ± 0.33 16.67±1.45 0.00 ± 00 0.00 ± 00 0.00 ± 00 0.00 ± 00 0.00 ± 00 0.00 ± 00 
 

KBMWDSb3 (M18) 0.00 ± 00 0.00 ± 00 0.00 ± 00 9.67 ± 0.88 0.00 ± 00 0.00 ± 00 22.67 ± 1.45 24.00 ± 0.58 0.00 ± 00 0.00 ± 00 
 

KBMWDSb6 (M6) 14.67 ± 0.33 16.67±1.20 10.33 ±1.45 11.33 ± 1.86 17.00 ± 1.15 18.00 ±1.15 15.33 ± 3.18 20.00 ± 2.65 19.67 ± 2.40 20.67 ± 2.91 
 

KBRWDSc (D1) 29.67 ± 0.88 30.67 ± 0.88 0.00 ± 00 19.33 ± 1.20 0.00 ± 00 0.00 ± 00 11.67 ± 1.20 11.67 ± 0.88 0.00 ± 00 0.00 ± 00 
 

KBRWDSa3 (RF) 26.67 ±1.45 25.33 ± 0.88 17.33 ±1.45 17.67 ± 1.20 0.00 ± 00 23.67 ± 2.33 12.67 ± 1.45 12.67 ± 1.45 0.00 ± 00 0.00 ± 00 
 

KBRWDS (N1) 25.33 ± 1.45 22.33 ± 1.20 0.00 ± 00 0.00 ± 00 0.00 ± 00 0.00 ± 00 13.33 ± 1.76 13.00 ± 1.73 0.00 ± 00 0.00 ± 00 
 

KSWDSc (G) 0.00 ± 00 0.00 ± 00 0.00 ± 00 0.00 ± 00 0.00 ± 00 0.00 ± 00 0.00 ± 00 18.67 ± 3.18 21.67 ±1.20 23.00 ± 2.08 
 

KSWDSd2 0.00 ± 00 0.00 ± 00 0.00 ± 00 0.00 ± 00 0.00 ± 00 11.33 ±1.33 0.00 ± 00 0.00 ± 00 14.00 ± 2.08 14.67 ± 1.20 
 

MBWDSc 0.00 ± 00 15.33 ±1.86 0.00 ± 00 18.00 ± 2.31 0.00 ± 00 22.67 ± 1.45 0.00 ± 00 0.00 ± 00 0.00 ± 00 0.00 ± 00 
 

MBWDSd4 0.00 ± 00 0.00 ± 00 0.00 ± 00 0.00 ± 00 0.00 ± 00 0.00 ± 00 18.33 ± 0.88 19.00 ±1.15 15.00 ± 2.65 14.33 ± 2.33 
 

MBWDSe 0.00 ± 00 0.00 ± 00 0.00 ± 00 0.00 ± 00 5.33 ± 0.88 6.33 ± 0.88 0.00 ± 00 0.00 ± 00 0.00 ± 00 0.00 ± 00 
 

MBWDS f2 (J) 0.00 ± 00 0.00 ± 00 0.00 ± 00 0.00 ± 00 19.00 ± 0.58 20.67 ± 1.76 16.33 ± 2.19 18.00 ± 1.15 15.33 ± 2.73 16.33 ± 1.76 
 

FB: fermented broth, EE: Ethanol extract. The result was not statistically significance (P ≤ 0.05).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4. Antifungal activity of ethanol extract: A. C. albicans ATCC1023, B. Penicilium sp., C. 
Aspergillus sp. 
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Table 4. Macroscopic, microscopic and biochemical features of the active actinomycetes isolates.  

 

 Active isolate Colony colour Aerial mycelium Substrate mycelium Pigment production Colony Surface Gram’s reaction Catalase test Citrate test Indole test 
           

 BMWDSc White chalky Khaki Brown Nil Rough + + - - 

 BRWDSc (SP) Light yellow Light yellow chalky Khaki2 Light yellow Smooth + - - - 

 KBMWDSb3 (M18) Light pink White Light pink Nil Rough + - + - 

 KBMWDSb6 (M6) Pink Pink Red Red Rough + - - - 

 KBRWDSc (D1) White chalky White chalky Tan2 Nil Rough + + + - 

 KBRWDSa3 (RF) Grey 98 Grey 94 chalky Light yellow Yellow2 Smooth + - - + 

 KBRWDS (N1) White chalky White chalky Khaki2 Nil Smooth + + + - 

 KSWDSc (G) Light yellow Light yellow chalky Black Black Smooth + + - - 

 KSWDSd2 White chalky White Light yellow Light yellow Rough + - - + 

 MBWDSc White chalky Khaki Tan Nil Smooth + - - + 

 MBWDSd4 Light yellow Light yellow chalky Khaki Light yellow Smooth + + - - 

 MBWDSe White chalky Whit Tan Nil Smooth + + + - 

 MBWDS f2 (J) Grey Grey Tan Nil Rough + - - - 
 

+: Positive, - : negative, H2S: hydrogen sulphide. 
 
 

 
Table 4. Contd.  
 

Active isolate 
Urease Gelatin Methyl red Voges – Nitrate Esculin Starch   Triple sugar iron test  

 

test hydrolysis test Proskauer test test degradation hydrolysis Glucose sucrose Lactose Gas production H2S 
 

 
 

BMWDSc - + - + - - - + - - - + 
 

BRWDSc (SP) - + - - - + + + + + + + 
 

KBMWDSb3 (M18) + - + - + -  + - - - - 
 

KBMWDSb6 (M6) + - - - - + - + - - - - 
 

KBRWDSc (D1) - - - - + - + - - - - - 
 

KBRWDSa3 (RF) - - + - - + + + + + + + 
 

KBRWDS (N1) - + - - - + + + + + + - 
 

KSWDSc (G) + + - - + - - - - - - - 
 

KSWDSd2 - - - + - + + + - - - + 
 

MBWDSc - + - - - + + + + + - + 
 

MBWDSd4 + + - - + - - - - - - - 
 

MBWDSe + - + - - - - - - - - - 
 

MBWDS f2 (J) - + - - + - + + - - - - 
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Figure 5. Morphological features of the some active actinomycetes spp. A. colony morphology of 
KBMWDSb6 (M6) B. Pigment produced by KBMWDSb6 (M6) C. Spore arrangement 
(rectiflexibiles) of KBMWDSb6 (M6), D. Colony morphology of KBRWDSa3 (RF), E. Pigment 
produced by KBR WDSa3 (RF) and F. Spores arrangement (rectiflexibiles) of KBRWDSa3 (RF). 

 
 

 

Among the isolates obtained, isolate KBMWDSb6 (M6) 
produced broad spectrum activity against all test fungi. 
This organism will be subjected to further studies in order 
to discover its novelty as an antifungal agent. 
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