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ABSTRACT 

 
Oil palm empty fruit bunches (EFB) and pineapple wastes are the most abundant cellulosic wastes in our country. 

In this research, a total of 14 strains of bacteria that are able to utilize carboxymethyl cellulose have been 

successfully isolated from decomposed oil palm empty fruit bunches and pineapple waste. Some of the isolates 

were also found to be resistance to heavy metals and antibiotics. Morphological characterization using gram 

staining and some biochemical test were carried out to determine the genera of the strains. Results showed that 

the strains belong to genera Azotobacter, Acetobacter, Bacillus, Cellulomonas, Micrococcus and Staphylococcus. 

To indicate the cellulolytic activities, hydrolysis zone on 0.5% carboxymethylcellulose (CMC) agar was 

measured. DNS assay was performed for quantifying the reducing sugar produced and P6 1 strain found as the 

best cellulose degrading bacteria. Plasmid DNA isolation attempted on the best five strains to detect presence of 

plasmid that may carry cellulose degrading gene. However, none of strains showed the presence of plasmid DNA. 

 

Keywords: cellulose degrading bacteria, empty fruit bunches (EFB), pineapple wastes. 

 

 

ABSTRAK 

Tandan kelapa sawit kosong dan bahan buangan nenas merupakan bahan yang mempunyai komponen selulosa 

tertinggi di negara kita. Di dalam kajian ini, 14 strain bakteria yang berkeupayaan menggunakan karboksimetil 

selulasa telah berjaya dipencilkan daripada kompos tandan kelapa sawit kosong dan bahan buangan nenas. 

Sebahagian daripada isolat mempunyai kerintangan terhadap metal berat dan antibiotik. Pengenalpastian 

morfologi termasuk gram staining dan ujian biokimia dijalankan bagi mengenalpasti genera strain yang telah 

dipencilkan. Keputusan menunjukkan strain-strain tersebut tergolong dalam genera Azotobacter, Acetobacter, 

Bacillus, Cellulomonas, Micrococcus dan Staphylococcus. Untuk mengenalpasti aktiviti selulosa, zon hidrolisis 

pada 0.5% agar karboksimetil selulosa diukur. Ujian DNS dijalankan bagi mengkaji jumlah gula penurun 

dihasilkan dan strain P6 1 didapati sebagai strain yang terbaik mengdegradasi selulosa. Pemencilan plasmid 

DNA dilakukan pada lima strain terbaik untuk mengenalpasti kehadiran plasmid yang mungkin mengekod gen 

mendegradasi selulosa. Walaubagaimanapun, tiada satu strain pun yang mempunyai plasmid DNA. 

Kata kunci :bakteria degradasi selulosa, tandan sawit kosong 
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1.0 INTRODUCTION 

Malaysia is a country that has abundant cellulosic materials such as the oil palm waste, 

sugar cane baggase, rice husks and other agricultural wastes and by-products. Oil palm and 

pineapple are two of the most popular crops planted in Malaysia usually in Johor, Pahang and 

Sabah (Jaya, 2002). The annual biomass production usually amount to millions of tons of 

wastes over the year. These wastes mainly contain recalcitrant components such as cellulose, 

hemicelluloses and lignin. After several years, dumping of the waste contributes to 

tremendous environmental pollution. Conventionally, cellulosic wastes were used to generate 

steam at the mills or left on plantation site to provide nutrient for subsequent crops (Alam et 

al., 2005).  Thus, the management of the waste has attracts worldwide interest on the 

utilization of cellulose biomass as feedstock for conversion to green energy such as bio-

ethanol (Demirbas, 2005).  

The abundance of this biomass in the nature has lead to a process called decomposition. 

Composting is an aerobic solid phase process which generates heat usually in the range of 

between 65
o
C to 80

o
C (Beffa et al., 1996). Decomposition process involves a complex set of 

factors where the interaction requires many factors to stabilize and convert the biodegradable 

organic wastes by using microorganisms under certain conditions (Yu et al., 2007). To control 

the process of decomposition, understanding of microbial community structure is important as 

well as their role in decomposition process (Beffa et al., 1996). This project is focusing on 

isolation of bacteria that can degrade two major wastes products in our agricultural industry 

that are decomposing empty fruit bunch (EFB) from the oil palm plantation and also pineapple 

wastes. This research was carried out to isolate characterize the bacterial strains that can 

degrade these cellulosic wastes. Screening of cellulose degrading bacteria on carboxymethyl 
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cellulose as source of cellulose is an effective method with the use of Congo red dye to detect 

the production of halos. To measure the reducing sugar produced, the dinitrosalisyclic (DNS) 

method was used to identify the best cellulose degrader. On the other hand, plasmid DNA 

extraction was also carried out to detect the presence of plasmid that may carry cellulose 

degrading gene.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



14 
 

2.0 LITERATURE REVIEW 

2.1 Cellulose 

 

Cellulose is a primary architectural element which constitutes 40%-60% of cell walls 

in woody plants. It is composed of insoluble glucose unit which have degree of polymerization 

at average of 10 000 units but can be as low as 15 units (Howard et al., 2003). Cellulose has 

structure of β-D-1,4-linked anhydrous glucose units (C6H12O5)n that link to form elementary 

microfibrils and aggregated by intermolecular hydrogen bonding into larger subunit called 

fibrils (Aziz et al., 2002). When this micro fibrils form cross-linking with lignin, it provides 

structural strength which enhance the cell wall stability (Mtui, 2009). The chemical properties 

of cellulose are confirmed by the presence of three hydroxyl groups with different acidity or 

reactivity; primary hydroxyl at C-6 while secondary hydroxyl at C-2 and C-3 that makes 

formation of strong intermolecular and intramolecular hydrogen bond (Sahin & Arslan, 2008). 

Cellulose consists of highly crystalline region and amorphous (non-crystalline) regions that 

provide high tensile strength which have resistance towards enzymatic hydrolysis especially 

the crystalline region (Howard et al., 2003). This becomes a challenge for microbes involve in 

degradation of cellulose since it takes longer time to decompose this substance.   

 

 

 

 

 

Figure 2.1: Cellulose structure 
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2.2 Cellulolytic bacteria 

Microorganisms are favored for degrading cellulose instead of using chemical 

treatments for the sake of the environment as it is because microorganisms are less harmful 

and can be recycled for the next degradation. Fungi are also well known for cellulose 

degrading microorganism especially the white rot fungi. However, bacteria has higher growth 

rate compared to fungi which contributes to greater efficiency in degrading cellulose 

(Baharuddin et al., 2010). Thus, most fungi cannot be cultured by current standard laboratory 

method unlike bacteria that become major limitations in research (Kirk et. al, 2004). There are 

various kind of cellulolytic bacteria have been isolated such as from plant, ruminants and soil. 

Abundant of aerobic cellulolytic species have been identified such as Cellulomonas, Bacillus, 

Pesudomonas, Cytophaga, Streptomyces and Actinomycetes due to the importance of cellulose 

decomposition in soil (Wirth & Ulrich, 2002). Strains that come from the genus of 

Ruminococcus, Erwinia, and Microbispora have also has been identified in ruminants 

digestive system by Lo et al. (2009). 

 

2.3 Cellulolytic waste from agricultural activities 

2.3.1 Empty fruit bunches from oil palm waste 

Oil palm or Elaeis guineensis was originally an ornamental plant first introduced into 

Malaysia in 1910. This plant becomes a major commercial crop nowadays and has made 

Malaysia as the largest producer and exporter of palm oil. In 2005, 14.96 million tones of 

crude palm oil (CPO) produced which increased about 4.7% from year 2004 (MPOB, 2006). 

Oil palm industry in Malaysia has produced large potential in exploitation of non-oil biomass. 

Usually, biomass are burned illegally or left at plantation site to control weeds, prevent erosion 
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and maintain the moisture of the soil (Alam et al., 2005). Empty fruit bunch (EFB) is a major 

agricultural waste produced from oil palm and amounted about 18 million tons per year. It 

consists of 45-50% of cellulosic components, hemicelluloses and lignin with approximately 

equal amounts 25-35% (Suhaimi et al., 2001). 

 

2.3.2 Pineapple waste 

Ananas cosmosus or normally known as pineapple is a tropical plant which originally 

comes from South America. In Malaysia, Johor boosts the largest pineapple plantation which 

is 9 000 hectares followed by Sarawak. Export of fresh and canned pineapple products has 

become an important export commodity for our country. Pineapple wastes production usually 

derives from pineapple processing industry which basically consists of pulp, peels and skin 

(Correia et al., 2004). These wastes usually contain mainly soluble sugar and hydrolysable 

material. The difficulty of utilizing pineapple wastes lies in the composition of waste which 

mainly builds from cellulose. Pineapple wastes have a high acid content which influences 

microbial activities. Pineapple wastes are high in cellulose (1.8%), hemicelluloses (2.6%), 

lignin (0.4%) and sugars such as glucose (1.4%), fructose (0.5%) and sucrose (3.1%) (Pawinee 

et al., 2001). Intermediate compounds are also produced during the degradation of pineapple 

waste such as acetic acid, propionic acid and butyric acids. On average, approximately 0.5 ton 

of solid wastes produced from one ton of fresh pineapples and for each cannery 100-150 tons 

of solid wastes are produced per day (Pawinee et al., 2001). 
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2.4 Cellulase assay 

2.4.1 Carboxymethyl cellulose (CMC) 

Carboxymethyl cellulose (CMC) has been widely used in applications with detergents, 

food, paper, textile and paint industries. CMC is semiflexible anionic polymer where the 

enzyme cellulase behaves to change the polymer behavior when adsorb on it (Lee et a.l, 

2006).  It is a complicated process because the amount of enzyme and/or reaction time 

influenced the linearity of insoluble cellulose hydrolysis. Therefore, specific standard 

substrates are referred to determine cellulase activity. Carboxymethyl cellullose and 

hydroxyethyl cellulose are two of soluble cellulose derivatives that are specific substrates for 

determine endoglucanase activity (Lee et a.l, 2006). To detect cellulose degradation, culture 

plates contain CMC usually flood with 0.1% of Congo red for about 30 to 40 minutes and 

wash with 1M sodium chloride. Zone of hydrolysis will appear as halos to show cellulose 

activity (Kasana et al., 2008). 

 

2.4.2 DNS method 

Reducing sugar can be measured by a method known as dinitrosalicyclic acid (DNS) 

assay (Miller, 1959). Reactions are carried out by mixing and incubating a dilution of the 

enzyme preparation with a known amount of substrate at a buffered pH and set temperature. 

There are two ways to determine glucose determination which are nonenzymatic assay and 

enzymatic assay (Frost, 2004). The nonenzymatic assay indicates the presence of all reducing 

sugar while the enzymatic assay is specific for D-glucose. However, both the reducing sugar 

and the specific glucose are measured by using spectrophotometer. A standard calibration 

curve (absorbance versus reducing sugar or glucose concentration) was generated for both 
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assays to determine reducing sugar and glucose concentration. DNS method is said to be a 

nonenzymatic assay where this method only indicates the presence of reducing sugar instead 

of specific glucose (Frost, 2004). The dinitrosalicyclic acid reagent developed by Sumner and 

his co-worker is used for the determination of reducing sugar which composed of 

dinitrosalicyclic acid, Rochelle salt, phenol, sodium bisulfate, and sodium hydroxide. 

 

2.5 Mechanism of cellulose degradation by bacteria 

Cellulose degradation involved a process where cellulose contents are converted into 

sugars such as glucose which is then used as starting compounds in biosynthesis of bio-

products. There are two ways of conversion either by acid treatment or enzyme catalyzed. The 

treatment cause hydrogen bonds between cellulose chains disrupted and decrystallization 

makes it susceptible to hydrolysis (Jacobus, 2001). However, the latter treatment is more 

favored than the first one. The acid treatment has many consequences such as yield of non-

specific by-products (other than glucose) thus promote to glucose degradation. Enzymes 

hydrolysis is preferred because the process produce specific biocatalysts which can be operate 

under milder reaction conditions. It is performed by using cellulase; a multi-component system 

produced by bacteria and fungi (Howard et al., 2003). Cellulases are complex of enzyme 

mixture with different specificities to hydrolyze cellulose. There are three major classes of 

enzyme activity; endoglucanases or endo-1-4-β-glucanase, cellobiohydrolase and β-

glucosidase. Endoglucanase is also known as carboxymethycellulase that function to initiate 

and attack randomly at multiple internal sites in amorphous regions of cellulose fibres. 

Subsequently, cellobiohydrolases attack can take place as the former open-up the site for 

reaction to take place (Sanchez, 2009). Most of cellobiohydrolases or exoglucanase are major 

component of cellulase system in fungal and have the ability to hydrolyze highly crystalline 
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cellulose. Furthermore, β-glucosidase is used to hydrolyze glucose dimers and in some 

treatments showed hydrolization of cellulose oligosaccharides to glucose. Endoglucanases and 

cellobiohydrolases seem to work synergistically in the hydrolysis of cellulose but the details of 

mechanism are still unknown (Jacobus, 2001). Thus, microorganisms consist of multiple 

differential variations of endo- and exo-glucanases. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



20 
 

3.0 MATERIALS AND METHODS 

3.1 Sample collection 

Soil samples containing decomposing pineapple wastes were collected from a farm site 

in Pekan Nenas, Johor while soil containing decomposing empty fruit bunches (EFB) of oil 

palm was collected from an oil palm estate in Parit Nipah, Johor. Both samples were taken 

randomly in triplicates about 0-20 cm from soil horizon. All samples were sealed in plastic 

bags and stored at 4
o
C until being analyzed. 

 

3.2 Sample processing 

One gram of soil from each sample was suspended and then diluted in 1 ml of saline 

water in Bijous bottle. Serial dilutions were done using sterile distilled water up to 10
-6

 

dilution. Mixtures were left for a few minutes to allow sedimentation. During the transfer, the 

dilutions were pipetted up and down several times to ensure thorough mixing. New pipette tips 

were used to prevent contamination.  0.1 ml of the last three dilutions of 10
-4

, 10
-5

 and 10
-6

 

were spread on nutrient agar in 3 replicates. Nutrient agar contained 1.0% Lab-Lemco powder, 

2.0% yeast extract, 5% peptone, 5% sodium chloride and 15% agar in 1 L of distilled water at 

pH 7.4. By using a glass spreader that has been autoclaved, the solution was spread evenly on 

the surface of the agar plates. Plates were then incubated in incubator at 37
o
C for 24 hours and 

put in upside down position to prevent moisture contamination. 
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3.3 Replica plating 

About 500 bacterial colonies produced from the spread plate were transferred and 

arranged (in grid) on new nutrient agar according to the plate concentration. Toothpicks that 

have been sterilized were used and changed for each colony transferred. Plates then incubated 

for 24 hours at 37
o
C in incubator. 

 

3.4 Screening for cellulolytic bacteria 

Isolated bacteria were grown in carboxymethyl cellulose (CMC) agar which contains 

Luria agar and 0.5% carboxymethyl cellulose that dissolved in 1 L of distilled water. Bacterial 

colonies which have grown on nutrient agar grid plates were transferred on CMC agar by 

using sterile toothpicks together with negative control strain E.coli EDL 433 strain followed 

by replica plating technique (Leaderberg, 1952). All plates were incubated at 37
o
C for 24 

hours. After 24 hours, hydrolysis zone was examined by flooded the plates with Congo red 

solution (1mg/ml) for 30 minutes and then washed with 1M of sodium chloride (Hankin, 

1977). Plates then dried and diameter of hydrolysis zone was measured. 
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3.5 Screening for heavy metal and antibiotic resistance 

Three types of heavy metals; mercury, nickel and cobalt were used to test the 

resistance ability. 15 g of heavy metal was dissolved in distilled water first before mixed with 

sterilized Mueller-Hinton agar which contained 17.5% casein hydrolysate, 4% meat extract, 

1.5% starch, and 15% agar in 1 L of distilled water. For antibiotics resistance test, 

streptomycin and kanamycin have been used. Similar to heavy metals, antibiotics media 

preparation had the same procedure unless 0.15 g of antibiotics was used.  Bacterial colonies 

that have the ability to degrade cellulose were identified and streaked on agar plates. All plates 

were incubated at 37
o
C overnight. E.coli strain EDL 433 was used as control. 

 

3.6 Bacterial identification  

3.6.1 Morphological characterization 

3.6.1.1 Gram staining 

Gram staining is a test to determine whether the bacterium is gram negative or gram 

positive. This test was carried out by swap the bacteria smears on a glass slide by wire loop 

that was gently heated in the flame. The slide was then flooded with crystal violet for 30 

seconds, prior of washing it with distilled water. After that, gram iodine applied for 30 second 

and washed again by using distilled water. Then, one drop of alcohol applied to discolor the 

smear. After discoloring, the slide was washed again with distilled water. The final step was to 

counter stained the slide with safranin for about 1 minute and then washed with distilled water. 

For observation purpose, let the slide air-dried prior of viewing under light microscope. 
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3.6.2 Biochemical tests 

3.6.2.1 Methyl red - Voges-Proskauer (MR-VP) test 

Methyl red-Vogues Proskauer (MR-VP) broth was prepared by dissolving 0.15 g 

methyl red powder into 10 ml distilled water. The broth was placed in cap test tube and later 

autoclaved at 121˚C. From the selective plate, a single colony of microorganism inoculated 

into the broth by flamed loop inoculation. Then, the tubes were incubated at 37˚C for 48 hours.  

After growth occur, 1 ml of the broth culture transferred into a clean cap test tube for VP test 

by adding Barrit’s solution A and B and colour changes were observed. The remaining of the 

broth cultures were used for MR test by the addition of methyl red indicator.  

 

3.6.2.2 Citrate utilization test 

For this biochemical test, Simmons citrate agar was prepared. A single colony of 

bacteria from the selective plate was transferred into Simmons citrate agar by using streak 

plate technique. After streaking, plate incubated at 37˚C for 48 hours.  

 

3.6.2.3 Catalase test 

One pure colony of bacteria was placed on a clean glass slide. A drop of 30% peroxide 

was added on the colony and positive result showed by production of immediate bubbling on 

the colony. 
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3.6.2.4 TSI test 

Triple sugar ion test was done by suspended the SIM medium in water and autoclaved. 

Broth was placed on cap test tube and cooled in slanted position. Pure culture was inoculated 

and incubated in 35
o
C for 24 hours with loosened cap. 

 

3.6.2.5 Oxidase test 

Oxidase test was performed by moistening a few drops of Kovác’s oxidase reagent on 

small area of filter paper. Small amount of inoculate was transferred by using toothpicks on 

the reagent spot. Immediate reaction was occurred within 10 seconds. 

 

3.7 Cellulase assay 

3.7.1 Media preparation  

Mineral salt solution (MSM) contained carboxymethyl cellulose was prepared by using 

0.2% of yeast extract (w/v), 0.1% KH2PO4, 0.5% MgSO4 and 1% CMC dissolved in 1 L of 

distilled water. The autoclaved solution was distributed evenly in 50 mL conical flasks that 

have been sterilized. Fresh cultures then inoculated in MSM contained CMC and incubated at 

37
o
C for overnight. 

 

 

 


