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ABSTRACT 
Biopulping is a substitute to the conventional ways of pulping used in the paper 
industry. Biopulping involves using fungi to breakdown wood and the lignin 
constituent of wood. White rot fungi are the most well known in this category. 
The fungus is non sporulating and is a selective lignin degrader. Colonies are 
formed on living or dead wood and decomposes all wood polymers including 
lignin and extractives. Biopulping reduces the need for chemicals in the pulping 
industry thus decreasing the environmental hazard caused by conventional 
means. The successful implementation of this process requires understanding the 
mechanisms and optimisation of biological, mechanical and chemical treatments 
at different steps of the pulping and papermaking processes. This paper thus 
reviews biopulping and its ecological as well as economic significance. 
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INTRODUCTION 
Today’s environmental challenges require the development of new, highly productive and 
environmentally sustainable production systems. The process of fermentation, brewing, food 
processing and traditional vaccines have been in practice since the existence of Adam and Eve. 
They are collectively classified as traditional biotechnology (Oforibika and Ezekiel, 2014). The 
development and use of biotechnology in the pulp and paper industry started in the early 1970s. It 
depends mainly on the production of inexpensive biocatalysts in enormous volumes and weights 
for industrial applications. Some biotechnical processes have already been implemented in the 
industry such as bio-bleaching with xylanases, pitch reduction with lipases and enzymatic deinking. 
Other techniques which are close to implementation in the pulp and paper industry include bio-
pulping, bio-bleaching with laccase/mediator system and bio-filtering of white water to remove 
organic material (Ferraz et al., 2007).  
There is a challenge of developing and identifying new enzymes and their potential applications. 
The successful implementation of biotechnical processes requires understanding of mechanisms 
and optimisation of biological, mechanical and chemical treatments at different steps of the pulping 
and papermaking processes. Forest agriculture, biopulping, bio-bleaching and pulp modifications 
represent the biotechnical applications with the greatest potential in terms of cost reduction and 
process improvement. Biopulping is defined as the treatment of wood chips with lignin degrading 
fungi prior to the pulping process. The goal is to develop a method to improve the efficiency of the 
existing pulping processes in an environmentally-friendly and cost-effective way. The use of wood-
rotting fungus containing ligninolytic enzymes has been explored in pretreatment of wood chips. 
The fungal pretreatment is a natural process and presents no adverse environmental consequences. 
There is also at least, a 30% electrical energy savings in mechanical pulping and paper strength 
properties are improved. (Keller et al, 2003; Singh et. al 2010). 
Biotechnology 
 Biotechnology is the technology that uses living organisms as part of the production process in 
industries. Effective adoption of biotechnology in Nigeria would require a deliberate programme to 
promote development and dissemination of these to industries. 
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 The application of biotechnology to increase the economic efficiency and environmental safety of 
industrial products and processes has provided the basis for more sustainable production (Oforibika 
an d Ezekiel, 2014). Some of the industrial technological applications include: Biological fuel cells, 
fine and bulk chemicals, chiral compound synthesis, synthetic fibres for clothing, pharmaceuticals, 
food flavoring compound, biobased plastics, biopolymer for automobile parts, bio-ethanol 
transportation fuel, nutritional oils, oil and gas desulphurization, leather degreasing, bio-hydrogen, 
biopolymers for plastic packaging, coal bed methane water treatment, Chem/Bio Warfare Agent 
decontamination, pulp and paper bleaching, biopulping (paper industry), specialty textile treatment, 
enzyme food processing aids, metal ore heap leaching, electroplating/Metal cleaning, rayon and 
other synthetic fibres, metal refining, vitamin  production, sweetener production (high fructose 
syrup), oil well drill hole completion (non-toxic cake beakers), textile dewatering, and vegetable oil 
degumming. (Oforibika and Ezekiel 2014). 
 
Biopulping 
Biopulping is defined as the treatment of wood chips with lignin-degrading fungi before pulping. 
This fungal pretreatment before mechanical pulping reduces electrical energy requirements during 
refining, increases the mill capacity, improves paper strength, reduces pitch (extractives) content, 
and thus reduces the damaging environmental effect of pulping. The biopulping research was 
initiated already in early 1970s in the United States and Sweden. Previously, the chips were 
frequently ‘aged or seasoned’ for a couple of weeks by microorganisms naturally invading the chip 
piles, mainly to reduce the pitch content. Since the introduction of the delignifying biopulping 
concept, hundreds of microorganisms have been identified for the pretreatment of wood. Some of 
the tests have also been expanded to chemical pulping to reduce the consumption of cooking 
chemicals. 
 
Mechanism of Biopulping 
The biochemical mechanism of biopulping is still mostly unknown. It is, however, likely that the 
biopulping effect is caused by the lignin-degrading system of white-rot fungi. There has been a 
strong link between removal of specific components of the wood by the fungi and efficacy of the 
fungal pretreatment in either energy savings or paper strength property improvement. The 
biopulping procedure involves decontaminating wood chips with steam to eliminate competitive 
naturally occurring bacteria and fungi. Next they are sprayed with a dilute inoculum of a selected 
fungus. Inoculated chips are incubated in an aerated chip pile for 2 weeks. Under warm, moist 
conditions the lignin degrading fungi colonize chip surfaces and penetrate chip interiors with a 
network of hyphae (Ali et  al., 2001). These treated chips are more readily broken apart during 
subsequent refining, and produces flexible, intact fibers. There are few considerations for a fungus 
to be used commercially in biopulping. Some of these are: Preference  for acting on hemicellulose 
and lignin together and low activity on cellulose, relatively faster growth rate, can be brought up on 
both hard and soft wood, be able to elicit allergies, Slight pigmentation that might decrease pulp 
brightness, Fast  rate of sporulation in order to cause the inoculation of the wood chips. Various 
species of white rot fungi have been used for biopulping, however, Ceriporiopsis subvermispora 
has proven to be very competitive both on softwoods and hardwoods (Ferraz et al. 2007). The 
physiology and biochemistry of C. subvermispora has been studied to allow an intensification of 
the biopulping process (Milagres et al. 2005). Evaluation of enzymes produced during biopulping 
process have shown that C. subvermispora produces several manganese peroxidase (MnP) and 
laccase isoenzymes, each exhibiting isoelectric points that vary according to the composition of the 
medium (Lobos et al. 2001). White rot fungi and their enzymes (specially ligninases and xylanases) 
are considered for the wood chips treatment of prior to pulping. While ligninases attack the lignin 
content of wood, xylanases degrade hemicelluloses and make the pulp more permeable for the 
removal of residual lignin. 
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Thus, biopulping process not only removes lignin but also some of the wood extractives, thus 
reducing the pitch content and effluent toxicity (Ali and Sreekrishnan 2001). Another fungi that has 
been found particularly useful for biopulping is Phanerochaete chrysosporium. 
The process has been scaled up to industrial level, with optimization of various steps and evaluation 
of economic feasibility (Ali & Sreekrisnan 2001). The process can be carried out in chip piles or in 
silos. The chips are steamed and cooled before inoculation. This is done to decontaminate the raw 
material and to allow uniform growth of the fungus. They are then placed in piles that can be 
ventilated to maintain a proper temperature, humidity and moisture content for fungal growth, and 
subsequent biopulping. The retention time is from 1 to 4 weeks. Generally, energy savings of 20–
30% have been obtained. The main drawbacks of the process are the system heterogeneity, high 
temperature and concentration gradients within the reactors or chip piles, difficulty in process 
monitoring and control, yield and brightness losses, and fairly long treatment times. 
 In mechanical pulping, extractives (pitches) are solubilized during the process. Triglycerides, fatty 
acids, and resin acids have been shown to be the most troublesome extractives in softwood. 
Extractives adhere as stickies to different sites of the paper machine and may appear as dirt spots in 
the paper treated Current methods for reduction of pitch problems include use of wood species with 
low extractive content, seasoning of wood chips, and addition of talc or alum to the pulp. Two 
types of biotechnical processes have been developed: a controlled microbial method for the 
treatment of chips before refining and an enzymatic method for treatment of refined fibers before 
paper making. The fungal pretreatment, using a colorless mutant of Ophiostoma piliferum, has been 
successfully used to reduce the pitch content of thermomechanical pulp (TMPs). The non 
pathogenic fungal product, with the trade name Cartapip, reduces pitch by cellular metabolism. 
This strain can rapidly colonize nonsterile wood chips and degrade extractives. Treatment of wood 
chips with this fungus decreases both the total resin acids and total fatty acids by about 40%. The 
treatment also improves the chemical pulping efficiency. Mill trials have shown that the treatment 
reduces bleach chemical usage during thermomechanical pulping. This method is widespread in 
commercial production (Ali & Sreekrisnan 2001). 
Mechanical pulping is an energy-intensive process and yields paper with lower strength compared 
with chemical pulping. Chemical pulping involves two major of processes; sulfite pulping which 
uses sulfurous acid (Sulfite) and sulfate pulping or alkaline (Kraft) where the chemical used is 
sodium sulfate. These chemical processes uses less energy and produces lower fiber yield 
compared to the mechanical pulping (Singh et al. 2010). However, chemical pulping gives superior 
paper quality as compared to mechanical pulp. But the environment consequences are very high as 
it produces a strong liquid effluent that is harmful to the environment (Ali & Sreekrisnan 2001). 
Biopulping using wood  rotten fungi processes in paper-making industries has reduced the energy 
and chemical consumption (Scott et al. 2002). Fungi alter the lignin in the wood cells walls, which 
has the effect of “softening” the chips. This substantially reduces the electrical energy needed for 
mechanical pulping and leads to improvements in the paper strength properties. 
 
Ecological and Economic Importance of Biopulping 
Biopulping provides a solution to the problems of chemical and mechanical paper production. It 
uses fungi present in nature having the ability to degrade Lignocellulosic materials and therefore 
softens the wood. Softened wood requires less energy and does not pollute the air as well as water 
as there is no need for chemicals. The process of biopulping reduces the use of chemicals in pulp 
and paper industry therefore decreasing the environmental hazard caused by normal pulping. 
Biopulping reduces electrical energy needed by an average of 25% - 30% which also saves money. 
The fungus used in biopulping is Trametes versicolor and is fairly easy to maintain. Treating the 
wood chips with stream and creating a proper ventilation system provides a good environment for 
fungi to thrive and thereby promotes biopulping. 
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 Research is under way to improve biopulping (biological pulping) using certain species of fungi 
that are able to break down the unwanted lignin, but not the cellulose fibres as is obtainable in 
chemical pulping Overall, biopulping uses the knowledge gained from a natural process to produce 
high quality paper while reducing the energy needed and the pollutants that escape out into the air 
during the process. 
 
CONCLUSION 
The paper mill industry in Nigeria is functioning at sub optimal levels. There are complaints of lack 
of raw materials, high electricity costs and possible environmental damage due to   chemical 
pulping processes. Biopulping presents a means to produce papers that are of good quality, 
environmental friendly and less costly as they require less energy. Manufacturers should be given 
all the support needed to ensure effective implementation. 
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