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Actinomycetes which were categorised as beneficial microorganisms have long been studied for their 
potential in producing secondary metabolites either for pharmaceutical or agricultural industries. In this 
study, 160 isolates of actinomycetes had been isolated using soil suspension method. All the 160 
isolates were later tested for their potential to secrete secondary metabolites such as cellulases, 
mannanases, xylanases, lipases, proteases and antifungal compounds. Prescreening of the 160 
actinomycetes isolates showed that 73.1% of the actinomycetes produces xylanases, 69.4%  produces 
cellulases, 65.0% proteases, 44.4% lipases and 9.4% mannanases. It was also observed that 43.1% 
(69/160) of actinomycetes showed antagonistic reaction towards Colletotrichum capsici while 18.8% 
(30/160) showed antagonistic reaction towards Colletotrichum gloeosporioides. Five (5) of the best 
producers of the bioactive compounds were identified using 16S rRNA primers. All of the isolates were 
identified to be originated from streptomyces genus. These potential actinomycetes need to be further 
tested for their application and have their potential fully characterized before being distributed or made 
known to interested industries. 
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INTRODUCTION 
 
Soil microbes which had been known to possess the 
ability to act as degradation and biocontrol agents have 
been widely studied by researchers around the world. 
One of these well-known soil microbes are the 
actinomycetes. Actinomycetes had been long known to 
be the main producer of antibiotics in the pharmaceutical 
industries. The used of actinomycetes for agricultural and 
medicinal purposes have also been studied by 
researchers in Malaysia as well as international (Johnson 

1954; Vikineswary et al., 1997; Ismet et al., 2002; Lo et 
al., 2002; Jeffrey et al., 2011). According to Lo et al. 
(2002), there are about 100 genera of actinomycetes 
inhibiting in the soil. The abillity of actinomycetes to act 
as the biodegradation of cellulosic and hemicellulosic 
compounds and biocontrol agents would have been 
favored by consumers globally due to the rising 
conscious of consumers towards synthetic chemical 
compounds that may polluted that environment as well as
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Figure 1. Colletotrichum gloeosporioides. screening against 
actinomycetes. (A) Actinomycetes, (B) negative control, (C) 
cycloheximide 50 mg/ml (positive control), D; C. gloeosporioides. 

 
 
 
dangerous to human health. Studies have shown that 
Streptomycetes spp. gave significant control towards 
pythium root rot of corn and sugarcane (Johnson, 1954) 
and cotton wilting (Arjunarao, 1971). Work done by Lee 
and Hwang (2002) on actinomycete isolated from Korean 
soil showed strong antifungal activity of actinomycetes 
against Alternaria mali, Colletotrichum gloeosporioides, 
Fusarium oxysporum f. sp. cucumerinum and Rhizoctonia 
solani. Managing pest and diseases using biological 
control would give long term advantages, such as cost 
saving and a sustainable agriculture although the effect is 
not immediately (Aghighi et al., 2004). All of these 
showed that, bioactive compounds isolated from 
actinomycetes were studied extensively by researchers 
through out the world. In this study, actinomycetes 
isolated from Langkawi Island soil were screened for their 
bioactivity. Potential isolates were later characterized and 
identified using molecular technique.   
 
 
METHODOLOGY 
 
Soil samples collection 
 
Soil samples were collected randomly under the trees shrubs of few 
places at Langkawi Island. The soil was dug 15 cm from the surface 
and the soil samples were taken at that depth. The soil samples 
were put into a ziplock bag for transportation back to Serdang, 
Selangor.  
 
 
Soil actinomycetes isolation and enumeration  
 
The  soil  were left to  air dried for about 7  to 14 days. Ten grams of 

dried soil were grinded before being put into a conical flask added 
with 100 ml of sterile distilled water. The conical flasks were then 
put onto an orbital shaker and agitated at 220 rpm for 1 h at room 
temperature (28±2°C). Serial dilution was performed for each soil 
samples until the factor of 106. A total of 150 µl of the soil 
suspension were pipetted and spread onto starch casien agar 
(SCA) plates supplemented with cycloheximide (50 μg/ml). 
Duplicate plates were prepared for each of the serial dilutions. The 
plates were then incubated at 28±2°C for about 10 days. The 
emerging colonies of actinomycetes were subcultured onto a fresh 
SCA plate.  
 
 
Bioactivity testing for enzymatic activity 
 
Plug of actinomycetes were innoculated onto Minimal Medium Agar 
(MMA) containing AZO-CM-Cellulose, AZO-Carob-Galactomannan 
or AZO-xylan (Oat) as substrate (Sahilah, 1991). Gelatin hydrolysis 
assay as described by Frazier (1926) was employed for the 
screening of protease activity. Lipase activity was conducted using 
method for determination of esterastic activity (Sierra, 1957) with 
modification. Tween 80 used in the esterastic assay test was 
replaced with Tween 20 for this purpose. Formation of halo zone 
indicates positive reaction for the entire test conducted. 
Measurement of the halo zones were taken at  day 5 of the test. All 
the test were conducted under room temperature (28±2°C) 
condition. 
 
 
Bioactivity testing of soil actinomycetes with for antifungal 
activity 
 
Plug of actinomycetes was inoculated onto the test plate of potato 
dextrose agar (PDA). Cycloheximide 50 mg/ml was used as the 
positive control and plug of PDA was used as the negative control. 
Plug of tested plant pathogens (C. gloeosporioides and 
Colletotrichum capsici)  was then innoculated at the middle of the 
test plate as shown as in Figure 1. Clear zone form was measured 
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Table 1. Inhibition profile produce by actinomycetes. 
 

Pathogen 

Isolates inhibition profile (x) 
Total number of isolates 

which produce inhibition zone No inhibition 
(y= 0 mm) 

Low inhibition 
(1 mm ≤ y ≤ 15 mm) 

High inhibition 
(y  > 15 mm) 

Colletotrichum capsici 91 45 24 69 
Colletotrichum gloeosporioides 130 8 10 18 

 

x was the number of isolates; y was the inhibition profile. 
 
 
 
after seven days of the test and average size of each clear zone 
was calculated. All the tests were conducted under room 
temperature (28±2°C) condition. The inhibition profile was scored 
as no activity (0 mm), low antagonistic activity (1 to 15 mm) and 
high antagonistic activity (≥15 mm) (Table 1). 
 
   
Identification of the best isolates 
 
The isolates that gave the best results were chosen and molecular 
analysis was done. Deoxyribonucleic acid (DNA) was isolated using 
GF-1 bacterial extraction kit purchased from Vivantis. Protocol used 
was as suggested by the manufacturer 
(http://www.vivantis.com/doc/1112006164042.pdf). Polymerase 
chain reaction (PCR) was conducted using method stipulated by 
Jeffrey et al. (2008). PCR products were purified using kit obtained 
from Vivantis and protocol used was as suggested by manufacturer 
(http://www.vivantis.com/doc/225200716542.pdf). Purified PCR 
products were later sent to 1st Base sequencing for sequencing 
purposed. Sequencing results were later BLAST with database 
from NCBI (http://blast.ncbi.nlm.nih.gov/Blast.cgi).  
 
 
RESULTS 
 
Isolation and enumaration of actinomycetes 
 
From the soil samples collected, 160 isolates of 
actinomycetes were isolated. From the total number of 
the isolates, 36 isolates were observed to possess grey 
colour aerial mycelium, while 16 in yellow, 71 in white, 1 
in green, 21 in yellowish white, 3 in brown, 8 in red, 2 in 
orange and 2 in dark brown. The average colony forming 
unit / gram (cfu/g) of dry soil for Langkawi Island soils 
were estimated to be 1.85 x 107. Pigmentation was also 
observed from 12.5% (20/160) of the isolates. The 
highest colour of diffusible pigmentation observed was 
brown in colour (15 isolates), followed by yellow (four 
isolates) and green (one isolate).  
 
 
Bioactivity testing for enzymatic and antifungal 
activity  
 
From the 160 isolates of actinomycetes tested for 
enzymatic activities, 69.4% showed the ability to produce 
cellulases, 9.4% mannanases, 73.1% xylanases, 65.0% 
proteases and 44.4% lipases. While for the antifungal 
activities tested, 43.1% (69/160) showed antagonistic 
reaction  towards C. capsici and 18.8%  (30/160) showed  

antagonistic reaction towards C. gloeosporioides. 
 
 
Identification of actinomycetes 
 
All the 5 isolates of actinomycetes with high bioactivity 
producing activity were identified to be from the genus of 
Streptomyces, with three from the species Streptomyces 
humidus, 1 from the species of Streptomyces 
hygroscopicus and 1 just identified as Streptomyces 
spp. only (Table 2). 
 
 
DISCUSSION 
 
Isolation and enumaration of actinomycetes 
 
From the morphological characterization of the isolated 
actinomycetes conducted, it was observed that the 
highest aerial mycelium observed were from the white 
series. This finding however were different from the reults 
obtained from studies conducted by researches in 
Malaysia and overseas (Ndonde and Semu, 2001; 
Barakate et al., 2002; Jeffrey et al., 2008). The result of 
diffusible pigmentation was low comparing to the results 
obtained by Ndonde and Semu (2001). In their study, 
Ndonde and Semu (2001) observed that 65.0% of their 
isolates produced soluble pigmentation but in this study 
only 12.5% of the actinomycetes were seem to produce 
soluble pigmentation. From the colour of aerial mycelium 
and the production of diffusible pigment it was observed 
that the distribution of actinomycetes could be considered 
to be more diversed in this study compared to study done 
by Jeffrey et al. (2008) and Lo et al. (2002). The average 
cfu/g of dry soil obtained in this study is 1.85 x 107 which 
is much more higher compared to cfu/g of dry soil for 
actinomycetes obtained from some garden and 
agricultural soils isolated from selected areas in 
Selangors, Johor and Kuala Lumpur (Jeffrey et al., 2007). 
However, the cfu/g was lower than the cfu/g of 
actinomycetes isolated from Semongok soil which was 
8.0 x 107 (Jeffrey et al., 2008). Study by Lee and Hwang 
(2002), on the diversity of actinomycetes isolated from 
various vegetative soils in Korea, showed that cfu/g for 
the actinomycetes isolated were between 1.17 to 4.2 x  
106 which is much lower than the cfu/g obtained in this 
study.   
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Table 2. Bioactivity produced by 5 best actinomycetes isolates. 
 

Isolate 
number 

Isolate Id 
Aerial 
mycelium 
colour 

Pigmentation 
(if any) 

Bioactivity produced (Clear zone size, mm) 

Cellulases Mannanases Xylanases Proteases Lipases 
Colletotrichum 

capsici 
Colletotrichum 

gloeosporioides 

DF11 
Streptomyces 
hygroscopicus 

Grey Nil 22.5 16 15 14 20 18 Nil 

LB06 
Streptomyces 
humidus 

White Nil 30 20 27 11 14 0 16 

K17 
Streptomyces 
humidus 

Yellow Green 12 0 15 12 34 18 14 

DF22 
Streptomyces 
humidus 

Yellow Brown 16 16 20 0 12 10 19 

N07 
Streptomyces 
spp. 

White Nil 30 0 20 8 16 16 18 

 
 
 
Bioactivity testing  
 
Approximately 85.0% (136 isolates) of the isolate 
produced one or more enzymatic activity. From 
the total isolates, 15.0% (24 isolates) did not 
produced any enzyme, while only 1.9% (3 
isolates)  produces all the 5 types of enzymes. 
Most of the actinomycetes produces 3 to 4 
enzymes with the percentage of 26.9% (43 
isolates) and 31.3% (50 isolates), respectively. 
This indicates that actinomycetes possess the 
potential to secrete broad range enzymes, which 
maybe the results from natural selection of this 
microorganism in order for it to survive in a 
competing environment. In a study conducted by 
Arifuzzaman et al. (2010), soil content, soil types, 
pH and soil moisture played a role in determining 
the type of microbes and their population thus 
influencing the type of enzymes secreted. From 
the results obtained, it was observed that 
actinomycetes isolated from Langkawi Island did 
not show a high number for mannanases 
producing isolates. However, this is not the only 
study done in Malaysia that showed a low 
mannanases activity from actinomycetes. A few 

studies conducted also showed that mannanases 
activities are low among soil actinomycetes 
compared to other polysaccarides produced 
(Jeffrey, 2006; Jeffrey et al., 2008). The low 
mannanases production by actinomycetes may 
indicate that actinomycetes isolated from 
Malaysian soils are not good producers for 
mannanase or the environment around these 
actinomycetes does not required for the 
production of mannanse from these microbes.  

In a study conducted by Boontim and Lumyong 
(1999) on cellulases producing actinomycetes 
from Thailand, they observed that from a total of 
125 isolates of actinomycetes isolated from 
Chiang Mai soil, only 1 isolate produces cellulase. 
This number however is lower than the 
percentage of actinomycetes producing cellulase 
obtained in this study (69.4%) and other study 
conducted by researchers in Malaysia (Jeffrey et 
al., 2007; Jeffrey, 2008). From the results 
obtained, it can be concluded that different 
demographic sample sites played its role in 
influencing the secretion of secondary metabolite 
by actinomycetes. For antifungal activities it was 
observed that a total of 3.1% of actinomycetes 

produces both antifungal. Many antimicrobial 
activities had been detected from actinomycetes 
by researchers all around the world in the past 
few decades for medical purposes (Moncheva et 
al., 2002, Aghighi et al., 2004, Oskay et al., 2004, 
Jeffrey, 2006). Little emphasis was given to the 
utilization of actinomycetes as a biological control 
in agriculture sector in Malaysia as the used of 
biological control does not give immediate results 
to the farmers. 

In recent years, it was observed that soil borne 
actinomycetes have the potential of controling C. 
gloeosporioides in chilli (Suwan et al., 2012). 
Sacramento et al. (2004), showed that 
actinomycetes isolated from the Brazilian soils 
demonstrated antifungal activities against 
Fusarium solani with the inhibition zone of about 
30 mm. Studies on the infection of C. 
gloeosporioides on orchid had been done by 
Prapagdee et al. (2008). Known antifungal from 
Streptomyces spp. had been isolated and 
identified by Intra and Panbangred (2008), 
showing high inhibitory activity towards C. capsici 
and C. gloeosporioides. These examples showed 
that actinomycetes had the potential to produce



 
 
 
 
antifungal compounds although the novelty of the 
compounds maybe unknown. In this study, we observed 
that actinomycetes isolated were able to secrete 
antifungal for both C. capsici and C. gloeosporioides. As 
we observed, some of the actinomycetes produces 
antifungal for both the C. capsici and C. gloeosporioides 
while other may be towards a specific species only. This 
maybe due to the reason that antifungal compounds 
secreted were non specific antifungal (broadrange 
antifungal) while other maybe specific antifungal (narrow 
range antifungal). The production of enzymes such as 
glucanases, proteases and β-1,3-glucanses might be the 
another factor influencing the inhibitory activity of the 
actinomycetes towards C. gloeosporioides (Anitha and 
Rebeeth, 2010). 

The production of antifungal compounds by 
actinomycetes in this study need to be studied more 
extensively as the production of antibiotics are often 
influenced by few factors such as chemicals added to the 
agar media (salt, carbon and nitrogen sources), 
temperature and pH (Vasavada et al., 2006). By 
changing the composition of media used we may be able 
to increase or decrease the production of antibiotics form 
on these microorganisms. It is also possible that other 
useful antimicrobial compounds were produced and not 
screened in this study (Barakate et al., 2002). Porter 
(1971) hypothesized that all actinomycetes possessed 
some antimicrobial properties and can be assessed when 
cultured and study under suitable condition. Kokare et al. 
(2004) had demonstrated that antimicrobial activity by 
actinomycetes was dependent upon the media used for 
its cultivation.   
 
 
Conclusion 
 
Preliminary screening from 160 actinomycetes isolated 
from Langkawi Island showed that actinomycetes isolated 
from Langkawi Island were potent producers of bioactive 
compounds. Five (5) potential producers of bioactivities 
were identified as S. humidus (3 isolates), S. 
hygroscopicus (1 isolate) and Streptomyces spp (1 
isolate). These potential actinomycetes should be further 
utilized in various industries such as agriculture and food 
for the benefit of human race.  
 
 
Conflict of Interests 
 
The author(s) have not declared any conflict of interest. 
 
 
ACKNOWLEDGEMENT 
 
The authours would like to thank the Malaysian 
government for the fund allocated under 05-03-08-
SF0155 and RMK10(148). 

Heng and Hamzah         4527 
 
 
 
REFERENCES 
 
Aghighi S, Shahidi GH., Rawashdeh R, Batayneh S, Saadoun I (2004). 

First report of antifungal spectra of activity of Iranian Actinomycetes 
strains against Alternaria solani, Alternaria alternate, Fusarium solani, 
Phytophthora megasperma, Verticillium dahliae and Saccharomyces 
cerevisiae. Asian J. Plant Sci. 3:463-471. 

Anitha A, Rebeeth M (2010). Degradation of fungal cell walls of 
phytopathogenic fungi by lytic enzymes of Streptomyces griseus. Afr. 
J. Plant Sc. 4(3):61-66. 

Arifuzzaman  M,  Khatun  MR, Rahman  H  (2010).  Isolation  and  
screening  of actinomycetes from Sundarbans soil for antibacterial 
activity. Afr. J. Biotechnol. 9(29):4615-4619. 

Arjunarao V (1971). Biological Control of cotton wilt III. In vivo effect of 
antagonists on the pathogens Fusarium vasiafectum. Atk. Proc. 
Indian Acad. Sci. B74:54-62. 

Barakate  M, Ouhdouch Y, Oufdou K, Beaulieu C (2002).    
Characterization  of rhizospheric  soil streptomycetes from Moroccan 
habitats and their antimicrobial activities. World J. Microbiol. 
Biotechnol. 18:49-54. 

Boontim   N,  Lumyong S (1999). Actinomycetes producing chitinase   
and   other  polysaccharide hydrolyzing  enzymes. Proceeding of the 
5th Asia-Pacific Biochemical  Engineering Conference and the 11th 
Annual Meeting of the Thai Society for Bioctechnology, Phuket, 
Thailand. 

Frazier WC (1926). A methods for the detection of changes in gelatin 
due to bacteria. J.  Infect. Dis. 39: 302-306.  

Intra   B, Panbangred  W  (2008). Several  Streptomyces spp.   produce  
secondary metabolite     which     strongly    inhibit     Colletotrichum 
gloeosporioides   and Colletotrichum capsici  and  possibly  regulated  
by  A-factor.  http://www.pharm. su.ac.th/jubkrasae/abstracts/J32-
Bungonsiri.pdf.  Access on 25 December 2008. 

Ismet A, Parameswari S, Vikineswary S (2002). Diversity of  
Micromonospora  in Malaysia mangrove rhizospere soil. Malaysian J. 
Sci. 21:51-59. 

Jeffrey LSH (2006). Screening of locally isolated actinomycetes and 
endophytic fungi for production of bioactive compounds. Master 
Thesis, Universiti Putra Malaysia. 

Jeffrey  LSH,   Sahilah  AM,   Son  R,   Tosiah  S   (2007).    Isolation   
and  screening of actinomycetes from Malaysian soil for their 
enzymatic and antimicrobial  activities. J. Trop. Agric.  Fd. Sci 
35:159-164. 

Jeffrey LSH, Azrizal MR,  Nor Ayshah AAH,  Tan GH (2008).  Isolation   
and bioprospection  of   actinomycetes isolated from  Ayer  Keroh  
Recreational  Park, Malaysia. J. Trop. Agric.  Fd. Sci. 36:155-163. 

Jeffrey LSH, Norzaimawati AN and Rosnah H (2011). Prescreening of 
bioactivities from actinomycetes isolated from forest peat soil in 
Sarawak. J. Trp. Agric. Fd. Sci. 39(2):245-254. 

Johnson LF (1954). Antibiosis in relation to Pythium Root Rot of 
sugarcane and corn. Phytopathtol. 44:69-73. 

Kokare CR, Mahadik KR, Kadam SS, Chopade BA (2004). Isolation, 
characterization and  antimicrobial  activity  of  marine  halophilic  
Actinopolyspora  species  AH1 from the west coast of India. Curr. Sci. 
86:593-597. 

Lee  JY,  Hwang  BK   (2002).   Diversity  of   antifungal   actinomycetes   
in  various vegetative soils of Korea.  Rev. Can. Microbiol. 48:407-
417. 

Lo CW, Lai NS, Cheah HY, Wong  NKI, Ho  CC  (2002).  Actinomycetes  
isolated from soil samples from the Crocker Range Sabah. ASEAN 
Rev.Biodiversity Environ. Conser. July-September 2002. 

Moncheva  P, Tishkov S,  Dimitrova   N, Chipeva  V, Antonova-Nikolava   
S, Bogatzevska N (2002). Characteristics of soil actinomycetes from 
Antarctica. J. Cult. Collec.  3:3-14. 

Ndonde MJM, Semu E (2000).  Preliminary  characterization  of  some  
Streptomyces species form four Tanzanian soils and their  
antimicrobial potential against selected  plant and  animal  pathogenic 
bacteria.  World  J. Microbiol. Biotechnol.  16:595-599. 

Oskay M,  Űsame A, Azeri C (2004).  Antibacterial  activity  of  some  
actinomycetes isolated from farming soils of Turkey. Afr. J.  Biotech. 
3:441-446. 

Prapagdee B,  Akrapikuchart  U, Mongkolsuk  S  (2008).  Potential  of  a  
soil-borne Streptomyces hygroscopicus for biocontrol of  anthracnose   



4528         Afr. J. Biotechnol. 
 
 
 

disease  caused  by Colletotrichum gloeosporioides in orchid. J. Biol. 
Sci. 8(7):1187-1192. 

Porter JN (1971). Prevalence and distribution of antibiotic-producing 
actinomycetes. Adv. Appl. Microbiol. 14:73-92. 

Sacramento  DR,  Coelho  RRR,  Wigg  MD, Linhares LFTL, Santos 
MGM, Semêdo LTAS, Silva  AJR (2004). Antimicrobial and antiviral    
activities  of  an actinomycetes (Streptomyces sp.) isolated from  a  
Brazilian  tropical  forest  soil. World J. Microbiol. Biotechnol. 20:225-
229. 

Sierra  G  (1957).  A  simple  method  for  the detection  of lipolytic  
activity  of microorganisms and some observations on the influence 
of the contact between cells and fatty substrates. Antonie van 
Leeuwenhoek 23:15-22. 

Suwan N, Boonying W, Prathusha K (2012). Antifungal activity of soil 
actinomycetes to control chilli anthracnose caused by Colletotrichum 
gloeosprioides J. Agri. Technol. 8(2):725-737. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Vasavada SH, Thumar JT, Singh SP (2006). Secretion of a potent 

antibiotic by salt–tolerent and alkaliphilic actinomycete Streptomyces 
sannanensis strain RJT-1 Curr. Sci. 91:1393-1397. 

Vikineswary S, Nadaraj P, Wong WH, Balabaskaran S (1997). 
Actinomycetes from a tropical mangrove ecosystem – antifungal 
activity of selected strains. Asia Pac. J. Mol. Biol. Biotechnol. 5:81-86. 

 
 
 



Reproduced with permission of the copyright owner. Further reproduction prohibited without
permission.


