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ABSTRACT 

 

 

Cellulose is a molecule comprised of carbon, hydrogen, and oxygen, and is found 

in the cellular structure of virtually all plant matter. This research work tries to 

investigate the ability of bacterial to degrade cellulose in wood and utilizes it as 

their sole carbon. This was done by sub-culturing the isolate in enrichment basal 

salt culture media with filter paper as a substrate. The microorganisms isolated 

were identified based on their morphological, biochemical, and Gram Staining. 

They were also screened for their ability to degrade cellulose using cellulose 

Congo red agar as an indicator. The result shows that these two isolate 

(Pseudomonas nitroreducens and Bacillus licheniformis) demonstrated the ability 

to digest cellulose as a sole carbon source which established the capabilities of the 

cellulose systems and show the potential industrial value of the two isolates.  
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CHAPTER ONE 

INTRODUCTION 

Cellulose constitutes the most abundant, renewable polymer resource available 

today worldwide. It has been estimated that by photosynthesis, 1011)1012 tons are 

synthesized annually in a rather pure form, e.g., in the seed hairs of the cotton 

plant, but mostly are combined with lignin and other polysaccharides (so-called 

hemicelluloses) in the cell wall of woody plants (Krassig,, 1993).Cellulose is a 

polymer raw material used for two general purposes. For many centuries it has 

served mankind as a construction material, mainly in the form of intact wood and 

textile fibers such as cotton or flax, or in the form of paper and board. On the other 

hand, cellulose is a versatile starting material for chemical conversions, aiming at 

the production of artificial, cellulose-based threads and films as well as a variety of 

stable cellulose derivatives used in many areas of industry and domestic life 

(Klemm et al., 1998a). Empirical knowledge of dying cellulose fibers, of burning 

wood, of preparing charcoal, and of the biodegradation of cellulose by rotting was 

acquired already thousands of years ago. Cellulose occupies a unique place in the 

annals of polymers. As early as 1838, Payen recognized cellulose as a definitive 

substance and coined the name cellulose (Payen, 1838). Cellulose as a precursor 
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for chemical modifications has been used even before its polymeric nature was 

recognized and well understood. Milestones on this pathway were the discovery of 

cellulose nitrate (commonly misnamed nitrocellulose)  by Schˆnbein (1846), the 

preparation of Schweizer's reagent, i.e., a cuprammonium hydroxide solution 

representing the first cellulose solvent (Schweizer, 1856, 1857,1859) in 1857, and 

the synthesis of an organo-soluble cellulose acetate by Schtzenberger in 1865 

(Sch，tzenberger 1865a,b). Partially functionalized cellulose nitrate mixed with 

camphor as softener was one of the first polymeric materials used as a plastic and 

is well known under the trade name of Celluloid. Cellulose nitrates of higher N-

content have been used extensively for military purposes. Today, cellulose nitrate 

is the only inorganic  cellulose ester of commercial interest (Balser et al., 1986a). 

Regenerated cellulose filaments were obtained by spinning cellulose dissolved in 

cuprammonium hydroxide in an aqueous bath. By far the largest part of cellulose-

based artificial fibers have been manufactured for about the last century by the so-

called viscose process, invented in 1892 by Cross et al. (1893). This process is 

practiced today with an output of about 3 million tons annually worldwide. It 

makes use of the formation of cellulose xanthogenate, i.e., a water-soluble, less-

stable anionic ester, prepared by reaction of cellulose with aqueous sodium 

hydroxide and CS2 and its decomposition by spinning in an acid bath. The origin 

of cellulose chemistry as a branch of polymer research can be traced back to the 
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fundamental experiments of H. Staudinger in the 1920s and 1930s on the 

acetylation and deacetylation of cellulose; these experiments resulted in the 

concept of Polymer-analogous reactions (Staudinger and Daumiller, 1937). 

According to this concept, functional groups of macromolecules (in the case of 

cellulose   predominantlyhydroxyl groups) can undergo the same kind of reactions 

as the corresponding low-molecular compounds. Further, it was observed that the    

supramolecular structure of the polymer may play an important role in determining 

the rate and final degree of conversion, as well as the distribution of the functional 

groups, which has been well recognized for cellulose. The main source of cellulose 

is the occurrence of this polysaccharide in different types of plants often combined 

with other biopolymers. Of great scientific importance is access to cellulose using 

enzymatic and chemical methods, respectively, developed during the last decade. 

The primary occurrence of cellulose is the existing lignocellulosic material in  

forests, with wood as the most important source. Other cellulose-containing 

materials include agriculture residues, water plants, grasses, and other plant 

substances. Besides cellulose, they contain hemicelluloses, lignin,and a  

comparably small amount of extractives (Hon, 1996). Commercial cellulose 

production concentrates on harvested sources such as wood or on naturally highly 

puresources such as cotton . 
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1.2 AIMS AND OBJECTIVE 

The aim is to know the ability of bacterial to degrade cellulose in wood and the 

main objectives of this study are 

 To isolate and screen cellulose degrading bacteria from rotten wood 

 To identify and characterize them using biochemical test 

  confirmation of cellulose degrading  ability of bacteria isolate  by streaking on 

cellulose Congo red agar   
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CHAPTER TWO 

LITERATURE REVIEW 

2.0 WOOD 

Wood is by far, the most versatile and beautiful building material available to man. 

It has been with us since man first started to build his own shelter. And yet, it is  

also the only building material that is subject to destruction by biological agencies, 

such as fungi and insects. This is one of the inherent disadvantages of using wood 

as a building material. By understanding the reasons behind these attacks we will 

be able to design ways and means to prevent these attacks and thus prolong the 

service life of timber in buildings. To do this, we must first start with 

understanding the nature of wood and what makes it so vulnerable to attacks by 

biological agents. Then we should look at the agents that attack wood and their 

modes of attack. Only then, can we develop preventive measures and protect wood 

from biodeterioration. A lot of research has been done on wood and the agencies 

that attack it, and many protective means have been developed over the year           

(Wong 2007). 
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2.1 WHY WOOD IS ATTACKED 

Wood is a natural plant material, and as such, is made up of a host of organic  

compounds, many of which represent a food source for the attacking agents. 

Wood is made up of cells, which are in turn, made from cellulose (and often 

strengthened with lignin deposits). Cellulose is a rich source of carbohydrate. 

2.2 CELLULOSE BIODEGRADATION 

Most of the cellulolytic microorganisms belong to eubacteriaand fungi, even 

though some anaerobic protozoa and slime molds able to degrade cellulose have 

also been described. Cellulolytic microorganisms can establish synergistic 

relationships with non-cellulolytic species in cellulosic wastes. The interactions 

between both populations lead to complete degradation of cellulose, releasing 

carbon dioxide and water under aerobic conditions, and carbon dioxide, methane 

and water under anaerobic conditions  (Beguin et al.,1994;Leschine, 1995). 

Microorganisms capable of degrading cellulose produce a battery of enzymes with 

different specificities,working together. Cellulases hydrolyze the β-1,4-glycosidic 

linkages of cellulose. Traditionally, they are divided into two classes referred to as 

endoglucanases and cellobiohydrolases. Endoglucanases (endo-1,4-β -glucanases, 
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EGs) can hydrolyze internal bonds (preferably in cellulose amorphous regions) 

releasing new terminal ends. Cellobiohydrolases (exo-1,4-β-glucanases, CBHs) act 

on the existing or endoglucanase-generated chain ends. Both enzymes can degrade 

amorphous cellulose but, with some exceptions, CBHs are the only enzymesthat 

efficiently degrade crystalline cellulose. CBHs andEGs release cellobiose 

molecules. An effective hydrolysis of cellulose also requires β-glucosidases, which 

break down cellobiose releasing two glucose molecules. Products of cellulose 

hydrolysis are available as carbon and energy sources for cellulolytic 

microorganisms or other microbes living in the environment where cellulose is 

being degraded. In fact, this release ofsugars from cellulose is the main basis of 

microbialinteractions occurring in such environments ( Leschine  1995). To 

function correctly, endoglucanases, exoglucanases and b-glycosidases must be 

stable in the exocellular environment and may form a ternary complex with the 

substrate. The cellulase systems of the mesophilic fungi Trichoderma reesei and 

Phanerochaete chrysosporium are the most thoroughly studied. The EGs of these 

consortiums have two structuraldomains: the catalytic domain and the union 

domain. Their molecular masses range from 25 to 50 kDa, and they have optimum 

activities at acidic pH. CBHs act synergistically with EGs to solubilize high-

molecular-weight cellulose molecules. They are also glycosylated and present an 

optima activity at acidic pH. P. chrysosporium has several β-glucosidases, whereas 
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only one isoenzyme has been described in T. reesei. All of them have a high 

molecular masses ranging from 165 to 182 kDa. Several thermophilic fungi can 

degrade cellulose faster than T. reesei. The EGs of thermophilic fungi are 

thermostable and their molecular masses range from 30 to 100 kDa. They show 

optimal activity between 55 and 80 
0
C at pH 5.0–5.5. Exoglucanases (40–70 kDa) 

are optimally active at 50–75 
0
C. The molecular characteristics of β-glucosidases 

are variable; their molecular masses range from 45 to 250 kDa, optimalpH from 

4.1 to 8.1, and optimal temperature from 35 
0 

c to 71 
0
C (Maheshwari et al 

2000).Among aerobic cellulolytic bacteria, species from the genera Cellulomonas, 

Pseudomonas, and Streptomyces are the best studied (Be´guin,  et al 1994). About 

5–10% of cellulose is degraded in nature under anaerobic conditions. The cellulose 

system of anaerobic microorganisms is clearly different from that of aerobic fungi 

and bacteria. The best characterized is that of Clostridium thermocellum, a strict 

anaerobic gram-positive, sporulated bacterium. In this system, enzymes are 

organized into large functional entities termed cellulosomes. The organization of 

enzymes into cellulosome concentrates and positionsthem in such a manner that 

promotes synergism amongcatalytic units. The advantages of these arrangements 

ofcellulolytic enzymes are that, since the cellulosome is attached to the cell 

surface, the enzymes are located at the interface between the cell and the insoluble 

substrate. The products of cellulolysis (such as cellobiose) can pass inside the 
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bacterium via extended fibrous materials that are present between the cell and 

cellulose. However, these microorganisms require high temperatures for growth 

and cellulose degradation, for this reason they probably play a minor role in 

cellulose biodegradation in nature. Several mesophilic cellulolytic anaerobes have 

been isolated from common environments including soil and sediments, compost, 

sewage, sludge, and anaerobic digestors (Leschine 1995). Other well-known 

anaerobic cellulolytic microorganisms are rumen bacteria, fungi and protozoa, 

which degrade vast amounts of cellulose (Leschine 1995). 

 

2.3 HEMICELLULOSE BIODEGRADATION. 

Hemicelluloses are biodegraded to monomeric sugars and acetic acid. 

Hemicellulases are frequently classified according to their action on distinct 

substrates. Xylan is the main carbohydrate found in hemicellulose. Its complete 

degradation requires the cooperative action of a variety of hydrolytic enzymes. An 

important distinction should be made between endo-1,4-β-xylanase and xylan 1,4-

β-xylosidase. The former generates oligosaccharides from the cleavage of xylan; 

the latter works on xylan oligosaccharides, producing xylose (Jeffries 1994). In 

addition, hemicellulose biodegradation needs accessory enzymes such as xylan 

esterases, ferulic and p-coumaric esterases, α-l-arabinofuranosidases, and α-4-O-
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methyl glucuronosidases acting synergistically to efficiently hydrolyze wood 

xylans and mannans . In the case of O-acetyl-4-O-methylglucuronxylan, one of the 

most common hemicelluloses, four differentenzymes are required degradation: 

endo-1,4-β-xylanase(endoxylanase), acetyl esterase, α-glucuronidase andb-

xylosidase . The degradation of O-acetylgalactoglucomanann starts with rupture of 

the polymer by endomannases. Acetylglucomannan esterases remove acetylgro 

ups, and a-galactosidases eliminate galactose residues. Finally, β-mannosida  se 

and β-glycosidase break down the endomannases-generated oligomers β-1,4 bonds 

. Xylanases, the major component of hemicellulases, have been isolated from many 

ecological niches where plant material is present. Due to the important 

biotechnological exploitations of xylanases, especially in biopulping and 

bleaching, many publications have appeared in recent years ( Kulkarni , et al 

1999). The white-rot fungus Phanerochaete chrysosporium has been shown to 

produce multiple endoxylanases (Kirk et al 1998). Also, bacterial xylanases have 

been described in severalaero bic species and some ruminalgenera (Kulkarni , et al 

1999; Kulkarni , 1999). Hydrolysis of β-glycosidic linkages is carried out by acid 

catalytic reactions common to all glycanases. Many microorganisms contain 

multiple loci encoding overlapping xylanolytic functions. Xylanases, like many 

other cellulolytic and hemicellulolytic enzymes, are highly modular in structure. 

They consist of either a single domain or a number of different domains, classified 
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as catalytic and non-catalytic domains. Based on the homology of the conserved 

amino acids, xylanases can be grouped into two different families: family 10 (F), 

with relatively high molecular weight, and family 11 (G), with lower molecular 

weight. The catalytic domains for the two families differ in their molecular masses, 

net charge and isoelectric points ( Kulkarni  et al 1999) and may play a major role 

in determining specificity and reactivity. Biochemically and structurally, the two 

families are unrelated. The release of reducing sugars from purified xylan is highly 

dependent on the xylanase pI. Isoelectric points for endoxylanases from various 

microorganisms vary from 3 to 10. Optimum temperature for xylanases from 

bacterial and fungal origin ranges from 40 to 60 
0
C.Fungal xylanases are generally 

less thermostable thanbacterialxyl anases.Researchers have paid special attention 

to thermostablehemicellulases because of their biotechnological applications . 

Thermophilic xylanases have been described in actinobacteria (formerly 

actinomycetes) such as Thermomonospora and Actinomadura (George, et al 2001). 

Also, a very thermostable xylanase has been isolated from the hyperthermophilic 

primitive bacterium Thermotoga (Simpson ,et al 1991). Xylanases of thermophilic 

fungi are also receiving considerable attention. As in mesophilic fungi, a 

multiplicity of xylanases differing in stability, catalytic efficiency, and activity on 

substrates has been observed (Maheshwari et al 2000). The optimal temperatures 

vary from 60 to 80
0C

 and the ph ranges from 3.7 to 9.0. This diversity of xylanase 
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isoenzymes of different molecular masses might be to allow their diffusion into the 

plant cell walls. The use of xylanases in bleaching pulps has stimulated the search 

for enzymes with alkaline pH optima. Most xylanases from fungi have pH optima 

between 4.5 and 5.5. Xylanases from actinobacteria are active at pH 6.0–7.0 ( 

Jeffries  1994). However, xylanases active at alkaline pH have been described from 

Bacillus sp. or Streptomyces viridosporus (Blanco  et al 1999). Genes encoding 

several xylanases have been cloned in homologous and heterologous hosts in order 

to overproduce the enzyme with the goalof altering its properties so that it can be 

used for commercial applications (Kulkarni , et al 1999).β-Xylosidases are less 

common than endoxylanases. Most of them are cell-bound and larger than 

xylanases. They have been described in several fungi such as T. reesei and P. 

chrysosporium with molecular masses ranging from 90 to 122 kDa, and most have 

acidic Ph optima and pIs (Kirk ,et al 1998). β-Xylosidases have also been 

described in B. stearothermophilus and the ruminal bacterium Butyrivibrio 

fibrisolvens (Horikoshi  1999 ). Glucomannan degrading enzymes have been 

described less frequently than xylanases. Several microbial mannanases from 

gram-positive and gram-negative bacteria have been studied (Prade 1996). 

Endomananases have also been described in white-rot fungi and in ascomycetes 

(Kirk K et al 1998). The most 
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thoroughly studied a-galactosidases and acetylglucomananeesterases are those 

from the genus Aspergillus, while the best-studied b-mannonidases are from the 

fungi Polyporus sulfureus and A. niger (Kirk et al 1998). To our knowledge, no α-

galactosidases or β-manosidases have been isolated to date from white-rot fungi. 

 

 2.4 LIGNIN BIODEGRADATION. 

The structural complexity of lignin, its high molecular weight and its insolubility 

make its degradation very difficult. Extracellular, oxidative, and unspecific 

enzymes that can liberate highly unstable products which further undergo many 

different oxidative reactions catalyze the initial steps of lignin depolymerization. 

This non-specific oxidation of lignin has been referred to as „„enzymatic 

combustion‟‟ (Kirk ,et al 1987). White-rot fungi are the microorganisms that most 

efficiently degrade lignin from wood. Ofthese, Phanerochaete chrysosporium is the 

most extensively. For recent reviews on lignin biodegradation by white-rot fungi 

and advances in the molecular genetic of ligninolytic fungi, see (Cullen  1997; 

Vicun˜ a 2000). Two major families of enzymes are involved in ligninolysis by 

white-rot fungi: peroxidases and laccases. Apparently, these enzymes act using 

low-molecular weight mediators to carry out lignin degradation. Several 

classifications of fungi have been proposed based on their ligninolytic enzymes. 
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Some of them produce all of the major enzymes, others only two of them, or even 

only one. In addition, reductive enzymes including cellobiose oxidizing enzymes, 

aryl alcohol oxidases, and aryl alcohol dehydrogenases seem to play major roles in 

ligninolysis (Cullen 1997).Two groups of peroxidases, lignin peroxidases (LiPs) 

and manganese-dependent peroxidases (MnPs), have been well-characterized. LiP 

has been isolated from severalwhit e-rot fungi. The catalytic, oxidative cycle of 

LiP has been well-established and is similar to those ofother peroxidases. In most 

fungi, LiP is present as aseries of isoenzymes encoded by different genes. LiP is 

aglycoprotein with a heme group in its active center. Its molecular mass ranges 

from 38 to 43 kDa and its Pi from 3.3 to 4.7. So far, it is the most effective 

peroxidase and can oxidize phenolic and non-phenolic compounds, amines, 

aromatic ethers, and polycyclic aromatics with appropriate ionization potential 

(Kirk,et al 1998). Since LiP is too large to enter the plant cell, it degradation is 

carried out only in exposed regions of lumen. This kind of degradation is found in 

simultaneous wood decays. However, microscopic studies of selective lignin 

biodegradation revealthat white-rot fungi remove the polymer from inside the cell 

wall. An indirect oxidation by LiP of low molecular-weight diffusible compounds 

capable of penetrating the cell wall and oxidizing the polymer has been suggested. 

However, this theory lacks evidence since low-molecular-weight intermediates 

such as veratryl alcoholcation radicalare too short-lived to act as mediators (Kapich  
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et al 1999). MnPs are molecularly very similar to LiPs and are also glycosylated 

proteins, but they have slightly higher molecular masses, ranging from 45 to 60 

kDa. MnPs oxidize Mn(II) to Mn(III). They have a conventional peroxidase 

catalytic cycle, but with Mn(II) as substrate. This Mn(II) must be chelated by 

organic acid chelators, which stabilize the product Mn(III) (Pe´rez ,et al 1992). 

Mn(III) is a strong oxidant that can leave the active center and oxidize phenolic 

compounds, but it cannot attack non-phenolic units of lignin. MnP generates 

phenoxy-radicals which in turn undergo a variety of reactions, resulting in 

depolymerization (Gold ,et al 2000). In addition, MnP oxidizes non-phenolic lignin 

model compounds in the presence of Mn(II) via peroxidation of unsaturated lipids  

(Kirk ,et al 1998). A novel versatile peroxidase (VP), which has both manganese 

peroxidase and lignin peroxidase activities and which is involved in the natural 

degradation of lignin has been described (Camarero ,et al 1999). VP can oxidize 

hydroquinone in the absence of exogenous H2O2when Mn(II) is present in the 

reaction. It has been suggested that chemicaloxid ation of hydroquinonespromoted 

by Mn (II) could be important during theinitialsteps of wood biodegradations 

because ligninolyticenzymes are too large to penetrate into non-modified wood cell 

walls (Go´ mez-Toribio , et al 2001). Laccases are blue-copper phenoloxidases that 

catalyze the one-electron oxidation mainly of phenolic compounds and non-

phenolics in the presence of mediators (Gianfreda et al 1999). The phenolic 
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nucleus is oxidized by removal of one electron, generating phenoxy-free-radical 

products, which can lead to polymer cleavage. Wood-rotting fungi are the main 

producers of laccases but this oxidase has been isolated from many fungi including 

Aspergillus and the thermophilic fungi Myceliophora thermophile and 

Chaemotium thermophilium (Leonowicz Aet al 2001). Recently, bacterial 

Laccases-like proteins have been found (Alexandre G,et al 2000). These enzymes 

polymerized a low-molecular-weight, water-soluble organic matter fraction 

isolated from compost into high-molecular-weight products, suggesting the 

involvement of laccase in humification during composting (Maheshwari, et al 

2000). The role of laccases in lignin biodegradation has been discussed recently 

(Leonowicz et al 2001). The potential biotechnological applications of white rot 

fungi or their ligninolytic enzymes are many. The most promising applications 

may be biopulping and bleaching of chemical pulps . White-rot fungi can 

degrade/mineralize a wide variety of toxic 58 xenobiotics including polycyclic 

aromatic hydrocarbons, chlorophenols, nitrotoluenes, dyes, and polychlorinated 

and biphenyls . An obvious application is in situ bioremediation of contaminated 

soils (Paszczynski   et al 1995). Other fields under research are the use of these 

fungi for biocatalysis in the production of fine chemicals and natural flavors (e.g. 

vanillin), and the biotreatment of several waste waters such as bleach plant 

effluents or other waste water containing lignin-like polymers, as is the cases of 
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dye-industry effluents and olive-oil-mill waste-waters(Martı´nez ,et al 1998). 

Degradation of lignin and lignin-degrading enzymes hasalso been reported for 

actinobacteria from the Streptomyces genus (Berrocal, et al 1997). Even though 

lignin biodegradation is accepted as an aerobic process, some authorshave reported 

that anaerobic microorganisms in therumen may alter, if not partially degrade, 

portions oflignified plant cells (Akin 1980). 

 

2.4AGENTS THAT ATTACK WOOD 

Wood is actually a very inert material, i.e., it does not go into chemical reactions 

that will actually destroy the material. It is surprisingly immune to acids, alkalis, 

and strong detergents. This, in fact makes paper making a tough proposition as 

wood is not easily converted to pulp by chemical means. Bacteria and viruses also 

do not have any significant effect on wood, although it has been recorded that 

certain bacteria do destroy wood in the end. However, it must be noted that these   

attacks are mostly secondary in nature, i.e., something else did the first bite. 

For both fungi and insects. They have evolved elaborate mechanisms for the 

digestion of cellulose. The cells also contain other compounds, such as starch, 

which is also a source of carbohydrate for these attacking agents. In other words, 

when an insect attacks a piece of wood, it is merely having a meal (Bahton Wright 

and Boswell 1929). 
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2.5 PREVENTIVE MEASUREMENTS  

Water is the enemy of wood! Moisture control must be an integral part of any plan 

designed for the prevention of wood decay fungi. The following guidelines are a 

good way to start:  

•  Untreated wood should never be in contact with the ground. Posts, piers and 

 framing members should always be placed on concrete footers above the 

 surrounding soil level.  

•  Ventilation in crawlspaces is critical to prevent “dead air” spaces. Adequate 

 cross ventilation beneath the structure will minimize “dead air” spaces. 

 Vents should be installed at a minimum of two square feet per openings for 

 every 25 linear feet of wall. Avoid any obstructions of the vents by 

 vegetation, storage or physically sealing off openings.  

•  In crawlspaces with continuously moist soil a vapor barrier can be installed 

 to minimize condensation onto framing components. Vapor barriers are 

 designed to maintain the moisture at the soil level.  

•  Use pressure treated wood, properly, or select heartwood (redwood, cedar) if 

 moisture conditions are unavoidable (decks, wood in ground contact, etc.).  
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•  Wood may be protected from decay with a borate treatment by a licensed 

 professional.  

•  Repair plumbing leaks as soon as they are noticed.  

•  Rain gutters and downspouts should be cleared of debris. Roof leaks should 

 be fixed immediately.  

•  Maintain all exterior wood surfaces sealed with a water repellent paint or 

 stain.  

•  Maintain all interior wood window sills sealed with a water repellent paint 

 or stain, since condensation is common around windows  

•  Keep all commodes secured tightly to the floor to minimize possible leakage 

 at the seal.  

•  Periodic inspection should be part of a routine maintenance schedule.  
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CHAPTER THREE 

MATERIALS AND METHODS 

3.0 SAMPLE COLLECTION 

Three rotten wood samples were collected from different places in Caritas 

University in Amorji- Nike Enugu, Enugu State. All the three rotten wood samples 

were crushed separately. 10g of each samples was weighted out  and was put in a 

separate Erlemeyer flask, measure out 90ml of distilled water  and put it in each 

flask containing the sample and shake vigorously and intermittently for 20-39 

minutes. After shaking the particles of the rotten wood will sediment at the bottom 

of the flask living the supernatant containing the microorganisms to be evenly 

distributed. 

 

3.1PREPARATION OF SAMPLES 

The sample was prepared through serial dilution of sample with 10ml of distilled 

water was added to 1 gram of sample in a test tube, and it was called stock‟‟ from 

the stock dilution, 1ml was collected and transferred to another test tube (i) 

containing 10ml of solution in test tube (ii) to test tube (iii) same procedure where 
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repeated for 3 more time and it was done for the four available sample of rotten 

wood. These were done to reduce the microbial population sufficient to obtain 

separate colonies. When plating. 

 

3.2METHOD OF ISOLATION    

After the nutrient agar was prepared, small volumes of several the liquid nutrient 

agars that have been cooled for about 45 and the mixture poured immediately into 

sterile culture dishes. This was done by slightly opening the side of the plate and 

poured the mixed media slightly and carefully, it was then shake slightly and 

avoided it touching the cover. It was then turned upside down and incubated. 

 

3.2.1 SCREEN OF CELLULOSE DEGRADING BACTERIA   

The colonies was sub cultured  in a basal salt media (NaNO3 2.5g; KH2PO4 2g; 

MgSO4 0.2g; NaCl 0.2g; CaCl 0.2g 6H2O 0.1g in a liter) containing filter paper 

(Whatman filter paper no. 1 of area 70.541cm2)  for the isolation of cellulolytic 

bacteria. These cultures were incubated for 7 days in a shaker incubator at 37°C at 

100rpm. Bacterial colonies capable of utilizing cellulose as sole source of carbon 
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were  isolated on cellulose agar media composed of KH2PO4 0.5g MgSO4 0.25g 

cellulose 2.0g agar 15g gelatin 2g and distilled water lLiter and at pH 6.8–   7.2. 

 

3.3.0 IDENTIFICATION OF BACTERIA ISOLATES 

Identification of the bacteria isolates was based on the criteria of Bergey‟s Manual 

of determinative bacteriology, where isolated microorganisms were identified 

using their morphology, gram staining, and biochemical tests. The biochemical 

tests include; catalase tsest, oxidase test, sugar fermentation test, Indole test, 

methyl red test, Voges Proskauer (VP) test etc. 

 

3.3.1 GRAM STAINING TECHNIQUE 

According to Gillies and Dodds (1976) it was used to differentiate bacterial species 

into Gram-positive and Gram-negative based on the physical properties of their 

cell wall.A heat-fixed smear was flooded with a basic purple dye, usually crystal 

violet (primary stain). After 1 minute, the crystal violet was drained off and 

washed with distilled water. The smear was then covered with Gram‟s or Lugol‟s 

iodine (mordant) for 1 minute and was gently rinsed off with distilled water. Next, 

the slide was washed with alcohol (95% ethanol) or an alcohol-acetone solution 

(decolourizer) for 10-15 seconds and was gently rinsed with distilled water, and 
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lastly, the slide was then stained with safranine (counter stain) for 30 seconds and 

was gently rinsed with distilled water, heat dried and was viewed under oil 

immersion (100x) microscope. 

The presence of purple colour indicated Gram-positive while the presence of pink 

colour indicated Gram-negative bacteria. 

 

3.3.2 CATALASE TEST 

Using the slide method as demonstrated by Gagnon (1959) and Thomas (1963) a 

sterile inoculating loop or wooden applicator stick was used to collect a small 

amount of organism from a well-isolated 18-48 hour colony and was placed onto a 

microscope slide. Using a dropper or a Pasteur pipette, 1 drop of 3% H2O2 was 

placed onto the organism on the microscope slide, immediately the microscope 

slide was covered with a petri-dish lid to limit aerosols, and bubbles formation was 

observed against a dark background. 

Positive reactions were evident by immediate effervescence (bubble formation) 

using 40x magnification while no bubble formation indicated a catalase negative 

reaction. 
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3.3.3 OXIDASE TEST 

Using aseptic technique, plates were inoculated with the inoculum, and were 

incubated at 37oC for 24-48 hours. Then 2-3 drops of dimethyl-P-

phenylenediamine (DMPD) was added to the surface of the organism on the 

inoculated plates after incubation.  

A positive test resulted in a colouor change from pink to purple/maroon and into 

black within 10-30 seconds while absence of colouration indicated negative 

(McFaddin, 2000). 

 

3.3.4 INDOLE TEST 

Using aseptic technique, 1ml of the test organism incubated for 18-24 hours at 

37
o
C was transferred into test tubes containing tryptone or peptone water. Then 3-5 

drops of indole reagent (modified Kovac‟s or Ehrlich‟s reagent) was added in the 

tryptone or peptone water containing tryptophan. Then indole production was 

observed. 
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Positive test showed red ring colouration while negative test showed no red colour 

(McFaddin, 2000). 

 

3.3.5 METHYL RED TEST 

Small of the test organism (inoculum) was transferred into test tube containing 

methyl red broth (MRVP broth) and was incubated at 37
o
C for 48 hours. Then 2 

drops of methyl red reagent (indicator) was added into the broth after incubation. 

Production of a stable acid end-product was observed. 

The presence of red colouration indicated positive test while absence of red colour 

or presence of yellow colour indicated negative test (McFaddin, 2000). 

 

3.3.6 VOGES PROSKAUER TEST 

Small of the test organism (inoculum) was transferred into test tubes containing 

MRVP broth and was incubated for 48 hours at 37
o
C. Then 6-10 drops of Baritt 

reagent A and 2-3 drops of Baritt reagent B was added and were shaken for 5 

minutes. Then colour change was observed within 5 minutes. 
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Positive test showed red or deep rose colour which indicated presence of acetoin 

while negative test showed no red colour which indicated absence of acetoin 

(McFaddin, 2000). 

 

 

3.3.7 SUGAR FERMENTATION TEST 

 Using aseptic technique, a small inoculum of bacteria was inoculated into each of 

two broths containing glucose and lactose. Then the inoculated broths were 

incubated at 37oC for 24-48 hours. The growth, colour, acid production, gas 

production and presence of bubble were observed.  

Presence of growth with red colour indicates negative while presence of growth 

with yellow colour and production of acid indicates positive. Presence of bubble 

indicates production of gas usually Co2 while absence of bubble indicates no 

production of gas (McFaddin, 2000). 

 

3.4   CONFIRMATION OF CELLULOSE DEGRADING ABILITY 

 Confirmation of cellulose-degrading ability of bacterial isolates was performed by 

streaking on the cellulose Congo-Red agar media with the following  composition: 
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KH2PO4 0.5g, MgSO40.25g, cellulose 2g, agar 15g, Congo-Red 0.2g, and gelatin 

2g; distilled water 1L and at pH 6.8–7.2. The use of Congo-Red as an indicator for 

cellulose degradation in an agar medium provides the basis for a rapid and 

sensitive screening test for cellulolytic bacteria.  Colonies showing discoloration of 

Congo-Red were taken as positive cellulose-degrading bacterial colonies                             

(Lu et al2004), and only these were taken for further study. Cellulose-degrading 

potential of the positive isolates was also qualitatively estimated by calculating 

hydrolysis capacity (HC), that is, the ratio of diameter of clearing  zone and colony 

(Hendrickset al 1995). 
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CHAPTER FOUR 

RESULTS 

In this study a total of ten different species of bacteria were isolated from rotten 

wood . the isolates were identified using  series of biochemical test. The isolate 

codes are A41,A42,A43,A44 , B41  B42, B43,B44 , C41 C42. Two species 0f bacteria 

out of  ten isolate was selected for further studies because of their high cellulolytic 

activity. Table 1 contains the identification and characteristics of all the isolate . 

Table 2 contains only the two species that shows high celluloytic activity. 

Figure 1. Screening of cellulolytic bacteria by covering the petri dishes with congo 

red dye. A zone of clearance surrounding a colony is indicative of      

carboxymethylcellulose (CMC) hydrolysis by secreted CMCase. 
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ISOLATE 
CODE 

 

Morphology 
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ra
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v
e 

  

C
a
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e 

  

O
x
id

a
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e 

  

M
R   

V
P 

In
d
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le 

   

 

SUGA
R 

 

 

FERMENT
ATION 

 

 

PROBABLE 
ORGANISMS 

 

 Gluco
se 

Sucrose Lactose Fructo
se 

 

A41 Cream, flat, 
spreading 

-VE rod  + + - - - 

 

+ + + + Pseudomonas 
nitroreducens, 

A42 Cream, flat, 
spreading 

+VE 
cocci 

+ + - - - + + + + Microbacterium 
binotii 

A43 Yellow, 
Spreading, Flat 

+VE 
cocci 

+ + - - - + + + + Microbacterium 
aurum. 

A44 Golden, flat, -VE rod + + + - - + + + + Pseudomonas 
nitroreducens, 

A45 Cream, 
spreading, 

+VE rod + + - - - + + - + Bacillus 
licheniformis 

A46 Cream, flat -VE rod + + - - -  + + + + Pseudomonas 
nitroreducens 

B41 Yellow, 
Spreading, Flat 

+VE 
cocci 

+ + - - - + + + + Cellulosimicrobium 
funkei, 

B42 Yellow, 
Spreading, Flat 

+VE 
cocci 

+ + + - - + + - - Microbacterium 
oxydans, 

B43 Cream , 
Opaque, 

Spreading 

+VE rod + + - - - + + + + Bacillus 
licheniformis 

B44 Cream, 
Opaque, 

Spreading,  
Flat 

+VE 
cocci 

+ +   - - - + + - - Ochrobactrum 
cytisi 

B45 Cream, Flat, 
Spreading, 
Opaque 

+VE 
cocci 

+ +   - - - + + + + Rhizobium 
radiobacter 

B46 Cream , Flat, 
Opaque, 

Spreading 

+VE rod + + + - - + + + + Bacillus 
licheniformis 

C41 cream, 
Spreading, 

Flat, Opaque 

+VE rod + +   
+ 

- - + + + + Bacillus 
licheniformis 

C42 Yellow, Flat, 
Spreading 

+VE 
cocci 

+ +   - - - + + + - Ochrobactrum 
cytisi 

C43 Yellow, Flat, 
Opaque 

+VE 
cocci 

+ + - - -  - + - - Microbacteri um 
oxydans,   
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Keys 

(+) Positive 

(-) Negative  

 (MR ) Methyl Red 

(VP) Voges Proskauer 

 

 

Table 2 Selected Organisms 
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spreading 
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chains 
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+ + + - - + + + + Bacillus 
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CHAPTER FIVE 

 

5.1 DISCUSSION 

The most abundant organic compound on earth is cellulose, which provides the 

primary structural component for plants. (Chitin, present in insects, crustacean, and 

bones, is the second most abundant organic compound.) Like starch, cellulose is a 

polymer of glucose monomer units, linked together at the beta-1,4 locations as 

opposed to the alpha-1,4 locations for amylose (insoluble starch). Enzymes are 

generally extremely specific in their catalytic actions. They can recognize even the 

subtlest difference in the substrate structure and often exhibit no measurable 

catalytic behavior toward other similarly structured substrates. The difference in 

the glucose linkage between starch and cellulose makes it impossible for the starch 

digesting enzymes, e.g. alpha-amylase, to break down cellulose. The direct 

consequence of this specificity is that various organisms, including humans, cannot 

use cellulose to satisfy their nutritional requirement for carbohydrates. However, 

some animals and insects, such as cattle, sheep, horses, termites, and caterpillars, 

can subsist on wood and grass, although they themselves do not produce 

cellulolytic enzymes. This is due to the synergistic effect of the bacteria present in 

their digestive tracts. These gut bacteria flora secret the necessary cellulolytic 
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enzymes to digest cellulose, and the hosts, in turn, provide them with a shelter as 

well as nutrient. The inability of most organisms in attacking cellulose is not 

necessarily undesirable. For example, wood, which is mostly cellulose bound 

together by lignin, has traditionally been used as building materials due to its 

relatively stable microscopic structures. Wouldn't it be terrible if your home could 

be digested by bugs too easily? Perhaps, that is why no one uses bread (starch 

material) or candy (easily digestible saccharides) to build a durable house except in 

fairy tales. There has been a large amount of research work done on the digestion 

of cellulose into glucose. The generated glucose can be used to produce single cell 

protein as food for livestock or even for humans.  Ethanol can be used as gasoline 

or processed further to make other common petrochemicals. Another example is 

the conversion of glucose into solvents such as acetone and butanol by Clostridium 

acetobutylicum. Because the volume of cellulose is so overwhelming and because 

the resource is renewable, the world will likely to depend on it more heavily for 

food, fuel, chemical supplies, and raw materials in the future. It has the great 

potential of alleviating the need for petroleum, whose supply is fast dwindling. 

Thus, the ability to manipulate this organic chemical has extremely important 

implications. A breakthrough in the investigation of cellulose digestion processes 

will not only have an enormous impact on the world food supply, economy, and 
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geopolitical balance of power, it will also greatly influence the various types and 

ways products are produced by the chemical industry and enjoyed by the end users. 

5.2 CONCLUSION 

In conclusion, the results indicate that some bacterial specie isolated from the 

rotten wood showed high ability to degrade cellulose in wood and utilizing it as a 

sole carbon source. Further experiment can be carried out, in order to find an anti 

microbial in order to avoid wood rotting, because rotten wood cannot be useful to 

man.   

 

5.3 RECOMMENTATION 

Wood which is mostly cellulose bound together by lignin, has traditionally been 

used as building materials due to its relatively stable microscopic structures. It     

Would be terrible if your home could be digested by bugs too easily. So I 

recommend that further research should be carried out on how to avoid bacteria or 

fungi coming in contact with wood to avoid rotting. 
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APPENDIX 1 

MEDIA PREPARATION 

     The following media were used;  

1) NUTRIENT AGAR (NA) 

     This medium was used for the enumeration of bacteria cells and to maintain 

pure cultures. 

Nutrient agar is a general medium. It was therefore used here on the assumption 

that as many organism as were on the samples will grow.  

 Composition 

 The medium is composed of the following. 

 Lab-lemco power    1g 

 Yeast Extract    200g 

` Peptone     50g 

 Sodium Chloride    5.0g 

 Agar No.3     15g 

 pH      7.4             ` 
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The powdered form was used and it was prepared as directed by the manufacturer. 

 Twenty eight gram (28g) of the powdered nutrient agar (oxoid) was 

suspended into 1000ml of freshly prepared distilled water and was made to 

dissolve by heating. This was autoclaved at 121
o
c for 15minutes.The  sterilized 

medium was allowed to cool down to about 45
0
c and then poured into sterile  Petri 

dishes in about 20ml aliquots. The medium was allowed to solidify on these plates 

and were thereafter used.  

 

PEPTONE WATER  

 Dispense 15g in 1L of deionised H2O, soak for 10minutes, swirl to mix, then 

dispense final containers. Sterilize by autoclaving for15minutes at 121
o
C. 

Carbohydrate and a pH indicator can be added for studying fermentation reaction. 

Composition: 

Peptone-5.0 

Tryptone - 5.0 

Sodium Chloride - 5.0 

 

BASAL SALT MEDIA 

This was used for the isolation of celluloytic bacteria 

Sodium acetate (NaNO3 )                                                        2.5g; 
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Potassium dihydrogen phosphate (KH2PO4 )                             2.9g 

Magnesium sulphate   (MgSO4  )                                              0.2g 

Sodium chloride (NaCl)                                                         0.2g 

Calcium chloride (CaCl )                                                        0.1g 

Distilled water                                                                        1 liter 

 

PREPARATION 

The medium was prepared as directed ,all the salt were weighed respectively and 

was dispensed in a liter of distilled water and stride to help dissolve the salt. The 

organisms was inoculated thereafter 

 

 CELLULOSE AGAR 

The medium is used to isolate bacterial colonies capable of utilizing  cellulose as a 

sole carbon source  

COMPOSITION 

Gelatin                                                                 2g  

Agar                                                                           15g 

Cellulose powder                                                       2.0g 

Magnesium phosphate (MgSO4 )                              0.25g 

Potassium dihydrogen phosphate  (KH2PO4)           0.5g 

Distilled water                                                          1 liter 
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PREPARATION 

The medium was prepared as instructed with all the above listed composition, the 

medium was sterilized by autoclaving at 121
0
c for 15 minutes. The medium was 

allowed to cool at 45
0 

c and was poured inside sterile Petri dishes. The medium 

was allowed to solidify and thereafter inoculated with the isolate.
 
 

 

CELLULOSE CONGO RED AGAR 

This medium was used as a confirmation test for the ability of bacteria isolate to 

degrade cellulose 

 

COMPOSITON 

Gelatin                                                                        2g  

Agar                                                                           15g 

Cellulose powder                                                      2.0g 

Magnesium phosphate (MgSO4 )                              0.25g 

Potassium dihydrogen phosphate  (KH2PO4)          0.5g 

Distilled water                                                          1 liter 

Congo red                                                                 0.2g 
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PREPARATION 

This medium was prepared as directed, with the listed composition above and was 

dispense in a liter of distilled water. This was sterilized by the use of autoclave 

,121
0
c for 15 minutes. The medium is allowed to cool down to 45

0
c, it was then 

poured out inside sterilize Petri dishes. The medium is allowed to solidify before 

inoculation. 


