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ABSTRACT 
Cellulose is the main constituent component of photosynthesis in the plant biomass 

composed of fibrous and woody material such as straw, weeds, grass, leaves, stems and 
branches of plants which could be easily degraded by microbial such as bacteria, fungi and 
actinomycetes. With the utilization of twelve (12) samples for isolation of microbials col-
lected from several locations associated with the palm oil industry which were obtained  as 
many fifty eight (58) isolates of microbial  and then classified to be the thirty nine (39) iso-
lates are bacteria, ten (10) isolates of actinomycetes and  nine (9) isolates of fungi. All isolates 
of microbial isolated were identificated by colony properties of microorganisms, Gram stain 
and slide culture technique. 

Keywords: cellulose, bacteria, fungi, actinomycetes. 

BACKGROUND 

Cellulose is the main constituent 
com-ponent of photosynthesis in the plant 
biomass composed of fibrous and woody 
material such as straw, weeds, grass, 
leaves, stems and branches of plants 
(Sutedja et al., 1991; Jarvis, 2003; and 
Zhang et al., 2004). As plant biomass, 
cellulose often found in the biomass 
lignocellulosic materials such as biomass 
agricultural, forestry, and agro-industrial 
wastes that are abundant, renewable and 
inexpensive energy sources. Cellulose can 
be degraded easily and quickly just by 
specific organisms such as bacteria, fungi, 
actinomy-cetes, and the lower animals. 
Experts classify cellulose decomposers 
organisms are aerobic bacterial, myxo-
bacteria, anaerobic bacteria, thermophilic 
group, actinomycetes, filamentous fungi, 
mushroom, protozoa and insects. Success 
in breaking down cellulose depends on the 
nature or circumstances of cellulose de-
grading microorganisms and environ-
mental factors such as humidity, aeration, 
tempe-rature, and nitrogen availability of 

adequate and nutritional elements 
(Sutedja et al., 1991). 

In this study, All samples used for 
the isolation of cellulolytic microbials 
(soil, leaf bamboo, rod of palm tree, etc.) 
were collected from several places 
associated with the palm oil industry. Aim 
of this study was to isolate and identify the 
cellulolytic microorganisms from samples 
were collected at the locations associated 
with the oil palm plantation and industry. 

 
MATERIALS AND METHODS 

Raw materials 
All of the samples for the isolation 

of cellulolytic microbials (soil, leaf 
bamboo, rod of palm tree, seed of the palm 
tree, fiber of the oil palm empty fruit 
bunch, etc.) were collec-ted from the palm 
oil plantation and palm mill area in 
Petchabury Province, Thailand. 
Source of microbials 

Samples for isolation of microbials 
used in this study collected from several 
places associated with the oil palm 
Industry. Sample properties also recorded. 
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Isolation of microbials 
Liquid carboxymethyl cellulose 

medi-um (CMC medium) consist of 1 g 
KH2PO4, 0.5 g NaCl, 0.5 g MgSO4.7H2O, 
0.01 g FeSO4.7H2O, 0.01 g MnSO4.H2O, 
0.5 g (NH4)2SO4 and 10 g CMC in 1 liter 
of distilled water was prepared and 
sterilized at 121oC for 15 min, which was 
used to enrich microor-ganism from 
sample. Each sample of 1 g was added into 
100 mL sterilized CMC medium and 
incubated at room temperature (30-32oC) 
under shaking condition (150 rpm) for 10 
days. After incubation, microorganism; 
bacte-ria, fungi and actinomycetes were 
collected by a streak plate technique on 
CMC agar (1.5 % agar was added into the 
CMC medium). Cultured petridishes were 
incubated at room temperature (30-32oC) 
for 3 days. After incubation, colonized 
microorganisms were sub-sequently 
transferred on fresh CMC agar and 
incubated for 3 days to obtain pure 
cultures. All strains were kept in a deep 
freezer at -80oC and used for the future 
experimentation. 
Pre-primary identification and characteri-
zation of cellulolytic microbials 

Pre-primary identification was done 
to separate and classify selected strains 
into the member of bacteria, actino-
mycetes and fungi. 
Colony properties of microorganism 

Colony properties of microorganism 
were observed based on a single colony of 
microbes grown on a CMC medium. 
Cultures were incubated for 3-5 days at 
room temperature and then the shape, 
color, surface, internal structure and the 
structure of the edge of the colony were 
also observed. Based on colony proper-
ties, bacteria, actinomycetes and fungi 
were also separated. Cell morpho-logies 
and spore formulation of selected isolates 
were also determined. 
 

 

Slide culture technique for fungi 
In order to accurately identify 

fungus, it is essential to observe the pre-
cise arrangement of the conidiophores 
(conidial ontogeny). A simple modifi-
cation of fungal slide culture technique 
was used to observe conidiophores of 
selected fungal isolates (Riddle, 1950). A 
method is described by Riddle (1950) and 
conidiophores picture was recorded and 
used to identify the genus of fungal 
isolates. 
Gram staining technique 

The Gram stain is the most 
important and universally used stained 
technique in the bacteriology laboratory. 
It is used to disti-nguish between gram-
positive and gram-negative bacteria, 
which have distinct and consistent 
differences in their cell walls. Gram 
staining of bacteria is used Gram method 
and consequently, Gram-positive and 
Gram-negative bacteria were classified. 

 
RESULT AND DISCUSSION 

Samples for isolation of cellulolytic 
microbials 

The samples that are used in this 
research for isolation of microbials were 
collected from the palm oil plantation and 
palm oil mill areas in Pechabury Province, 
Thailand. The samples were shown in 
Table 1. 

The twelve (12) samples were 
selected from the palm oil plantation and 
palm oil mill areas such as soil, a rod palm 
tree, immature bunch, seed of  the oil palm 
empty fruit bunch, shell, fiber of the oil 
palm empty fruit bunch which they 
contain normal flora that can decompose 
cellulosic material; cellulolytic micro-
organism. According to Smruti et al. 
(1995) reported the cellulase producing 
microbes have been isolated from ligno-
cellulosic materials such as decaying 
wood, forest residues and decomposed 
leaf in soil. 
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Table 1. Types, sources, and the characteristic of samples, which were selected from the palm oil plantation 
and palm oil mill areas. 

Samples Type of samples Sources Sample Characteristic  Figure 

1 Soil Plantation field Brown color, and hard 
structure 

 

2 
Leaf bamboo 

mix with gravel 
and soil 

Plantation field Dried leaves and brown 
color 

 

3 Root bamboo Plantation field Yellow color and easily 
broken 

 

4 Rod palm tree Plantation field Decomposed, dark color, 
easily broken, and fiber 

 

5 Stalk leaf palm 
tree Plantation field 

Stalk leaf decomposed, soil 
attaches at the stalk, brown 
color, easily broken, and no 

hard structure  

6 Leaf and Oil Plantation field Leaf decomposed and dark 
color 

 

7 
Shell, fiber and 

seed of 
processing palm 

oil 

Palm oil mill 
Dark and brown color, 

decomposed and white spot 
color 

 

8 Pasta palm oil 
processed Palm oil mill 

Smooth, clear brown color, 
residue pressed processing 

oil and oily  

9 Seed (kernel) 
and fiber Palm oil mill Dark color and  

decomposed 
 

10 Immature 
Bunche Palm oil mill Dark and brown color and 

white spot color 
 

11 
Residues pressed 
processing palm 

oil 
Palm oil mill 

Smelt, oily, easy broken, 
solid structure and brown 

color  

12 Shell, immature 
bunch and fiber Palm oil mill After boiling process, gray 

color and white spot color 
 

 
Isolation of microbials 

There were fifty eight (58) isolates 
of microbials isolated from the samples 

asso-ciated with oil palm industry. Based 
on colony formation and cell morphology 
(under microscope), those microorga-
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nisms obtained from screening was 
separated into a member of bacteria, 
actinomycetes and fungi. Thirty nine 
isolates (39) of microorganisms belonged 
to member of bacteria, while ten isolates 
(10) was classified to be a member of 
actinomy-cetes. The rest isolates (nine 
isolates) are fungi. 

According to Heck et al., (2002) and 
Semedo et al., (2000), reported many of 
cellulolytic aerobic and anaerobic bacteria 
could be isolated from decomposed soil 
and the lignocellulosic of residues (leaf, 
stalks, and stems of garden plants) for 
biotechnological applications. 

 

Table 2. The fifty eight (58) isolates of microorganisms obtained from plant and soil samples associated 
with palm oil industry 

Samples Type of Microorganisms Amount of 
Isolates Isolate codes 

1 
Actinomycetes (A) 1 1.2.A 
Bacteria (B) 3 1.1.B, 1.3.B, 1.4.B 
Fungi (F) 2 1.5.F, 1.6.F 

2 
Actinomycetes (A) 1 2.3.A 
Bacteria (B) 4 2.1.B, 2.2.B, 2.4.B, 2.5.B 
Fungi (F) N.D - 

3 
Actinomycetes (A) 1 3.1.A 
Bacteria (B) 4 3.2.B, 3.3.B, 3.4.B, 3.5.B 
Fungi (F) N.D - 

4 
Actinomycetes (A) 1 4.2.A 
Bacteria (B) 4 4.1.B, 4.3.B, 4.4.B 
Fungi (F) 1 4.5.F 

5 
Actinomycetes (A) 1 5.1.A 
Bacteria (B) 3 5.2.B, 5.3.B, 5.4.B 
Fungi (F) N.D - 

6 
Actinomycetes (A) 1 6.2.A 
Bacteria (B) 3 6.1.B, 6.3.B, 6.4.B 
Fungi (F) N.D - 

7 
Actinomycetes (A) N.D - 
Bacteria (B) 3 7.1.B, 7.2.B, 7.3.B 
Fungi (F) 1 7.4.F 

8 
Actinomycetes (A) 1 8.3.A 
Bacteria (B) 3 8.1.B, 8.2.B, 8.4.B 
Fungi (F) 2 8.5.F, 8.6.F 

9 
Actinomycetes (A) N.D - 
Bacteria (B) 4 9.1.B, 9.2.B, 9.3.B, 9.4.B 
Fungi (F) N.D - 

10 
Actinomycetes (A) 1 10.1.A 
Bacteria (B 4 10.2.B, 10.3.B, 10.4.B, 0.5.B 
Fungi (F) 1 10.6.F 

11 
Actinomycetes (A) 1 11.1.A 
Bacteria (B) 1 11.2.B 
Fungi (F) 1 11.3.F 

12 
Actinomycetes (A) 1 12.3.A 
Bacteria (B) 2 12.1.B, 12.2.B 
Fungi (F) 2 12.4.F, 12.5.F 
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Colony properties of microbials 
Table 3, showed cell and colony 

morphological studies of bacterial iso-
lates. Under a light microscope, bacteria 
were clearly separated from fungi and 
actinomycetes. Colony morphological 
studies of bacteria can help at bacterial 
genus classification. Various factors 

influence the shape and color of the 
colonized bacterial colony such as type of 
bacterial culture medium, pH, temperature 
and condition (aerobic, anaerobic, anoxic 
etc.) for incubation. In this experiment, all 
microorganisms were cultured on CMC 
agar. 

Table 3. Cell, colony morphology and Gram staining of bacterial isolates 

Isolates Gram 
Reaction 

Cell 
Morphology Colony Morphology 

1.1.B Positive Curved rod White, circular, opaque with low convex and entire edge 
1.3.B Positive Coccus White, circular, opaque, with low convex and entire edge 
1.4.B Negative Rod White-Cream, irregular, opaque, with convex and entire edge 
2.1.B Negative Rod White-Cream, irregular, opaque, with low convex and undulate edge 
2.2.B Negative Rod White-Cream, circular, translucent, with convex and entire edge 
2.4.B Negative Rod White-Cream, irregular, opaque, with convex and entire edge 
2.5.B Negative Rod White-Cream, irregular, opaque, with low convex and undulate edge 

3.2.B Positive Curved rod White, circular, translucent, with low convex and undulate  edge 
3.3.B Positive Rod White-yellow, circular, translucent, with low convex and entire edge 
3.4.B Positive Rod White-Cream, irregular, opaque, with convex and entire edge 
3.5.B Negative Coccus White-Cream, irregular, opaque, with convex and undulate edge 
4.1.B Positive Coccus White-Cream, circular, translucent, with convex and entire edge 
4.3.B Negative Rod White, irregular, translucent, with convex and undulate edge 
4.4.B. Positive Curved rod White-yellow, irregular, opaque, with convex and entire edge 

5.2.B Negative Coccus White-yellow, irregular, opaque, with low convex and undulate edge 
5.3.B Negative Rod White-yellow, irregular, translucent, with low convex and undulate 

Dede 
5.4.B Positive Curved rod White-yellow, irregular, opaque, with convex and undulate edge 

6.1.B Negative Rod White-yellow, circular, opaque, with convex and entire edge 
6.3.B Positive Curved rod White-Cream, irregular, translucent, with convex and undulate edge 
6.4.B Negative Rod White-Cream, irregular, opaque, with low convex and undulate edge 

7.1.B Negative Curved rod White-Cream, irregular, opaque, with convex and entire edge 
7.2.B Negative Curved rod White-yellow, irregular, translucent, with convex and entire edge 
7.3.B Negative Rod White-Cream, irregular, opaque, with low convex and entire edge 
8.1.B Positive Coccus White-Cream, irregular, translucent, with low convex and entire edge 
8.2.B Negative Curved rod White-Cream, circular, translucent, with convex and entire edge  
8.4.B Negative Curved rod White-Cream, irregular, opaque, with low convex and entire edge 

9.1.B Positive Curved rod White-Cream, irregular, translucent, with low convex and undulate 
Dede 

9.2.B Positive Coccus White-Cream, irregular, opaque, with convex and undulate edge 
9.3.B Negative Curved rod White-Cream, irregular, opaque, with low convex and undulate edge 
9.4.B Positive Coccus White-Cream, irregular, translucent, with convex and undulate edge 

10.2.B Positive Rod White, Amoeboid, translucent, with low convex and undulate edge 
10.3.B Negative Rod White-yellow, irregular, translucent, with convex and undulate edge 
10.4.B Positive Coccus White-Cream, irregular, translucent, with convex and undulate edge 
10.5.B Positive Coccus White-Cream, irregular, opaque, with convex and undulate edge 

11.1.B Positive Curved rod White-yellow, irregular, translucent, with convex and entire edge 
12.1.B Positive Curved rod White-Cream, irregular, opaque, with convex and entire edge 
12.2.B Negative Curved rod White-Cream, irregular, opaque, with convex and undulate edge 
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There were fifty five (58) microbials 
isolates obtained from plant and soil 
samples associated with oil palm industry. 
Cell morphology and colony morphology 
of bacterial isolates such as shape, the 
margins or edges of the colony, the 
colony’s color, colony and Gram cell wall 
were explained to support pre-primary 
identification of bacterial isolates. Under 
a light microscope, various shapes of 
bacterial cell were observed such as rod, 
curved rod, and coccus. There were 2 
major types of bacterial colony shapes 
which could be seen after cultured on 

CMC agar including circular and irregular 
form. The color or the pigment of the 
colony of all bacteria were white color 
(opaque or translucent) and also present of 
cream or yellow colonies. The shape of 
the colony of bacteria is some circular or 
some irregular. The edge of bacterial 
colony such as low convex with entire 
edge and convex with undulate edge was 
also determined. With Gram stain 
technique, there were nineteen (19) 
isolates and twenty (20) isolates classified 
into a member of Gram-negative and 
Gram-positive bacteria, respectively.

Table 4. Cell, colony morphology and Gram staining of actinomycetes isolates 

Isolates Gram 
Reaction 

Cell 
Morphology Colony Morphology Figure 

1.2.A Positive 
(+) Filamentous White, circular, opaque,  with 

low convex and entire edge 
 

2.3.A Positive 
(+) Filamentous White, circular, opaque, with 

low convex and undulate edge 
 

3.1.A Positive 
(+) Filamentous 

White-cream, irregular, 
opaque, with low convex and 
undulate Dede  

4.2.A Positive 
(+) Filamentous 

White-green, circular, opaque, 
with low convex and undulate 
edge  

5.1.A Positive 
(+) Filamentous White, irregular, opaque, with 

low convex and undulate edge 
 

6.1.A Positive 
(+) Filamentous White, irregular, opaque, with 

low convex and undulate edge 
 

8.3.A Positive 
(+) Filamentous White, irregular, opaque, with 

low convex and entire edge 
 

10.1.A Positive 
(+) Filamentous White, circular, opaque, with 

low convex and entire edge 
 

11.2.A Positive 
(+) Filamentous White, irregular, opaque, with 

low convex and entire edge 
 

12.3.A Positive 
(+) Filamentous White, circular, opaque, with 

low convex and undulate edge 
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There were ten (10) isolates of 
actinomycetes which could be isolated 
from the samples associated with oil palm 
industry. Colonies of actinomycetes were 
white color, opaque with low convex and 
irregular in shape (table 4). Under 
microscope and Gram-stain technique, 
cell morphology of actinomycetes was 

observed. A filamentous property and 
Gram stain positives were seen under light 
microscope (1,000×). With specific 
property of actinomycetes cell, all 
selected isolates were determined and 
confirmed to be actinomycetes. Charac-
teristic of the colony and cell of 
actinomycetes represented in Table 4. 

 

Table 5. Cell and colony morphology of fungal isolates 

Isolate Genus Colony Color Morphology Figure 

1.5.F Aspergillus spp. Black 
Septate hyphae. 

Typical radiate conidial 
head  

1.6.F Aspergillus spp. Green 
Septate hyphae. 

Typical columnar, 
uniseriate conidial head  

7.4.F Aspergillus spp. Green 
Septate hyphae. 

Typical columnar, 
uniseriate conidial head  

8.5.F Aspergillus spp. Green 
Septate hyphae. 

Typical columnar, 
uniseriate conidial head  

8.6.F Aspergillus spp. Green 
Septate hyphae. 

Typical columnar, 
uniseriate conidial head  

10.6.F Aspergillus spp. Green 
Septate hyphae. 

Typical columnar, 
uniseriate conidial head  

11.3.F Aspergillus spp. Green 
Septate hyphae. 

Typical columnar, 
uniseriate conidial head  

12.4.F Aspergillus spp. Green 
Septate hyphae. 

Typical columnar, 
uniseriate conidial head  

 
Fungi were important cellulosic 

microorganism associated with cellulose 
cycle. Fungi are known as the best source 
of cellulase enzyme and their applications 
in biological technology such as 

saccharification by fungal cellulase were 
reported. Table 5. shows the colony and 
cell morphological studies of fungal 
isolates which were isolated from the 
samples associated with the oil palm 
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industry. Based on colony morphology, 
fungal isolates were selected. Pre-primary 
identification was done by investigation of 
arrangement of conidia under a light 
microscope (Lactophenol cotton blue as 
staining dye). All fungal isolates 
presented conidiosphore as a special 
characteristic of the genus Aspergillus. 
Therefore, nine (9) isolates of fungi were 
classified as member of the genus 
Aspergillus. Table 5, represents cell and 
colony morphology of fungal isolates. 

 
CONCLUSION 

The twelve (12) samples selected 
from several locations associated with the 
palm oil industry which were used to 
isolate and identificated microbials and as 
many fifty eight (58) isolates of 
microbials were obtained from the 
locations at the palm oil industry areas. 
The thirty nine (39) isolates were 
classified as bacteria, ten (10) isolates of 
actinomycetes, and nine (9) isolates of 
fungi. All isolates of microbial isolated 
were identified by colony properties of 
microbial,  Gram stain and slide culture 
technique. 
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