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This work highlights and analyzes the citations and co-citations by different authors, 

countries and institutions in series of researches on biofuel. These relations represent a 

knowledge map which shows the areas of research by different countries and authors. The 

contributions of different institutions were also shown. With this knowledge map developed, 

areas of research that still need more attention as well as the most important studies were 

highlighted. The software used for this analysis is Citespace which is developed by Chaomei 

Chen. Sources of information are articles retrieved from ISI Web of Science. 

 

Biofuel as a renewable form of energy is discussed. Its sources, types, methods of 

production, effects, market, and producers were discussed. Also plans and strategies that aim 

at boosting world biofuel market were listed as well as recent researches on it. 

 

Knowledge mapping, its types and methods as well as the method and software used for the 

analysis were also discussed. 
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1 INTRODUCTION 

 

1.1 Biofuel 

Biofuels are liquid or gaseous fuels derived from renewable resources such as plant biomass, 

vegetable oils, agricultural crops, and treated municipal and industrial wasted. Fossil fuels can also 

be produced from long dead biological materials but these are distinguished from biofuels which are 

produced from recently dead biological materials. Biofuels can totally or partially in a blend, 

replace the conventional fuels in automobile engines. [1, 3, 29] 

 

1.1.1 Importants of Biofuels 

With the increased rate of emission of CO2 to the environment by automobiles and industries, the 

need for use of biofuels as alternative form of energy and fuel becomes vital. The important of 

biofuels cannot be overemphasized. They are briefly described below:- 

 

1. Energy Security- owing to the continuous depletion of natural resources like crude oil and 

coal, biofuels can be used as renewable resources to enhance energy security in electricity 

generation, heat supply, and transportation. [1, 2] 

 

2. Environmental Benefits- During the combustion of biofuels in automotive engines, the 

amount of greenhouse gases emitted is almost equivalent to the amount absorbed by the 

organic source materials during their growth. Hence, they are environmentally friendly, 

reduce greenhouse gas emission, and fight climate change. [1] 

Biofuels are biodegradable and non-toxic hence in case of accidental discharge into the 

environment, they do not cause pollution. This is contrary to petroleum. 

 

3. Use of biofuels as alternative for petroleum helps to reduce costly petroleum imports. [29] 
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4. Development of biofuels production sector helps to create jobs and open up new markets for 

agricultural products. [29] 

 

 

5. Growth of biofuels feedstock like rapeseed, soy bean, and corn boosts rural development. [29] 

 

6. They burn cleaner than petroleum thus reducing emissions of particulate matter which is a 

major component of urban air pollutants that cause respiratory and heart diseases. [29] 

 

 

7. Growth of its feedstock will help to pull unproductive and set-aside lands into production. [1] 

 

1.2 Knowledge Mapping 

 

Knowledge is described as skills, awareness, or familiarity acquired by a person through 

experience, education, association, reasoning, communication, or cognitive process. Knowledge can 

either be tacit or explicit. Tacit knowledge is the type of knowledge that exists in individuals’ minds 

and as such, they are difficult to access, articulate or put into words. Explicit knowledge, on the 

other hand, is knowledge that has been in some tangible forms such as words, audio recordings or 

images. Despite the concrete and easy-to-transfer nature of explicit knowledge, tacit knowledge is 

still more valuable. Mapping can connote different meanings in different contexts. In this context, 

we shall describe it using the mathematical approach. It is described as any prescribed way of 

assigning to each object in one set, a particular object in (or the same) set. [4] 

 

In view of the above descriptions, knowledge mapping is defined as ‘An ongoing joint quest to help 

discover the constraints, assumptions, location, ownership, value and use of knowledge assets, 

artifacts, people and their expertise, uncover blocks to knowledge creation and find opportunities to 

leverage them.’[5] Knowledge mapping involves a rigorous organization of some knowledge domain 

in a hierarchal order, containing all the relevant entities in their relation. It also involves conducting 

social network analysis, data gathering, survey, education and synthesis. Hence, a knowledge map 

shows a view of the players, sources, flows, constraints and sinks of knowledge within an 

organization or subject. 

 

 



3 

 

1.2.1 Application of Knowledge Mapping 

 

Knowledge mapping can be applied in different types of organization ranging from business, 

environmental, and educational institutions to construction, service and manufacturing industries. It 

also finds use in governmental institutions, culture and value of a society. For the purpose of this 

work, we shall limit our discussions on organizational and environmental applications. 

 

a. Organization- knowledge mapping has been applied extensively in different aspects of 

different organizations. They include the following:-  

 

- To emphasize series of expertise and suggest ways to link them in order to increase 

knowledge sharing. 

 

- To encourage re-use and prevent re-invention, hence, saving search time and acquisition 

cost. 

 

- To boost knowledge seeking process and facilitate knowledge development since they 

connect insights with tasks and problems. 

 

- To explore the main sources, benefits and barriers to knowledge creation and flows. 

 

- It aids easy solution-finding thus reducing work-load on staff. [6] 

 

- To simplify and fully integrate quality control methods in new product development. 

 

- It improves planning and decision-making by providing applicable information. [6] 

 

- To generate suggested actions. 

 

- To track the loss of and acquisition of information and knowledge, personal, and group 

competencies and proficiencies. 

 

- To show knowledge flows within and across an organization. [6] 
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- It aids team selection and technology matching. 

 

- It is a good resource for promoting the collective intelligence of deliberations about 

issues and problems. 

 

- It assists in communicating the results of organizational changes to those involved. 

 

b. Environment- the environment consists of several agents like the government, firms, 

consumers and other institutions. For adequate sustainable urban development, there should 

be proper interdependence, interaction, co-existence integration of these agents. [7] This is 

achieved with the aid of knowledge mapping. Knowledge mapping helps decision makers to 

adequately integrate network of firms and people in the society to achieve a balanced society 

whilst allowing flexible adjustments in future for change and long-term goals. 

 

1.3 Objective of the thesis 

 

The objective if this work is to highlight and analyze the citations and co-citations by different 

authors, countries and institutions in series of researches on biofuel, thus depicting the way in which 

such research areas are distributed. [8] With this, we can convey added meaning to their 

relationships. 

 

 

 

 

 

 

 

 

 

 

 

 



5 

 

2 LITERATURE REVIEW ON BIOFUELS 

 

Biofuels have existed for a long time. Its research has dated back in Roman times when people 

sought to determine the effectiveness of different blends of olive oil for lighting lamps as well as 

food preparation. Also, in AD 1895, Dr. Rudolf Diesel developed the first compression ignition 

engine specifically to run on vegetable oil. During the 1900 World Exhibition in Paris, the first 

diesel engine which runs in pure peanut oil was demonstrated. Since then, study on biofuels have 

extended into research for feedstock of new generation biofuels, chemical intermediates, enzymes, 

pretreatment, refining process as well as socio-economic and environmental impact. 

 

2.1 Types of Biofuels 

Biofuels can be broadly classified into biodiesels and bioethanols. Biogas can be incorporated as a 

third component of this classification. 

a. Bioethanol- This is the most common biofuels worldwide. They are produced by 

fermentation of sugars from grains rich in sugar or starch, for example, wheat, corn, sugar 

beets, sugar canes and fruits like potato and also biomass and cellulosic biomass. They can 

be used in petrol engines either solely or in blend. They can be used in blends of 5%-vol. as 

additive or even up to 15%-vol. in most petrol engines. Modified engines such as those used 

in flexible fuel vehicles can run on 85%-vol. ethanol blends as well as pure bioethanols and 

conventional petrol. Bioethanol can be mixed with isobutylene to produce ETBE (Ethyl 

Tertiary Butyl Ether). ETBE can be used in up to 15%-vol. blend with petrol. [29] It is less 

volatile than bioethanols but requires an additional production step. Both ETBE and 

bioethanols have high octane rating thus providing efficient burning in engines. [1, 3]   

b. Biodiesel- These are types of biofuels that are produced either from oil crops such as 

rapeseed and sunflower or waste vegetable oils and animal oils. [1, 29] It has lower heating 

value and as such, a high specific fuel consumption in engines. In blends of less than 20% 

with diesel, it increases efficiency of combustion in engines. At any other level, it decreases 

efficiency of combustion in engines and also the power output. Also at higher blends, it 

leads to a problem of thickening due to increased viscosity. This can be a problem during 

the winter hence, only lower blends are encouraged to be used. Biodiesel is used in 
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compression-ignition diesel engines, usually as a 5% blend in cars, up to 30% blend in 

captive fleets such as city buses, and also in its pure form often in modified engines. [1, 3]  

c. Biogas- This is a mixture of methane and carbon dioxide produced by anaerobic 

fermentation of organic material by anaerobes. It can be produced in dedicated reactors 

using organic wastes such as livestock manure, food-processing residues as well as 

municipal sewage sludge. Biogas can also be recovered as landfill gas from urban waste 

landfill sites. They are only used in vehicles built to run on natural gas hence its use in 

transport is currently limited. [1, 3]  

Solid biofuels are another category of biofuels which include wood, grass cutting, domestic refuse, 

charcoal, and dried manure. Biofuels can also be classified as first, second, and third generation 

biofuels. First generation biofuels are the most common and include bioethanols, biodiesel, biogas 

and solid biofuels. Second generation biofuels are those produced from non-food crops and 

cellulosic biomass like stalks of wheat, corn, wood, and special-energy-or-biomass crop (example 

miscanthus). Second generation biofuels use biomass-to-liquid technology (example Fischer-

Tropsch process). Some of second generation biofuels under development are biohydrogen 

biomethanol, Fischer-Tropsch diesel, biohydrogen diesel etc. These types of fuel provide higher 

quality biofuels with a larger octane number and higher calorific value. This can result in better 

engine performance and reduced fuel consumption. Third generation biofuels are those made from 

algae. [3, 30] 

 

2.2 Methods of Production of Biofuels 

The methods of production of biofuels depend on the feedstock. We shall discuss the method of 

production of the two main types of biofuels. 

a. Bioethanol- it is produced by fermentation of crops high in sugar or fermentation of starch 

crops. The process involves extraction of sugar from the feedstock followed by fermentation 

and distillation. Bioethanol produced can be used solely in flexible fuel vehicles or as a 

blend with petrol. Isobutylene can also be added to it to produce ETBE, which is a very 

good fuel additive. [1, 3] 

Bioethanol can also be produced from biomass or cellulosic biomass. Production from 

biomass involves the following: - [28] 
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- Milling- to separate part of the biomass that contain carbohydrate 

- Pretreatment to extract the carbohydrates from the biomass. 

- Enzyme hydrolysis- the extracted carbohydrate is treated with enzyme to break them 

into sugars. 

- Fermentation- the sugar is converted to ethanol. 

- Distillation- this is used to remove excess H2O. 

 

 

                                                                                                

 

 

 

 

 

 

Cellulosic biomass is derived from recently dead green plants, algae and the oomycetes (water 

mold). Production of bioethanol from cellulosic biomass is represented below. 
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The cellulosic biomass is pre-treated and sent to cellulose production step where cellulose is 

extracted and then sent to the SSF process. The SSF (Simultaneous Saccharification and 

Fermentation) process involves simultaneous hydrolysis of the cellulose with enzyme and glucose 

fermentation. The product of SSF process is sent to product recovery where beer is added to recover 

ethanol. [28] 

 

b. Biodiesel – feedstock for biodiesel production are rapeseed, sunflower, and waste vegetable oils 

or animal fats. Production of biodiesel from this feedstock involves transesterification using the 

following steps in an industrial scale. [9] 

I. Pressing and Purification 

The feedstock is pressed to recover oil. It is then filtered to remove dirt and other            

materials. Water is also removed to avoid hydrolysis of the triglycerides to salts of the 

fatty acid instead of undergoing transesterification to give biodiesel. Water removal is 

done by stirring the oil with drying agent such as magnesium oxide which induces 

crystallization of water. The drying agent is then separated by decanting or filtration. 

II. Neutralization of free fatty acid           

A sample of the cleaned oil is titrated against a standard solution of base in order to 

determine the concentration of free fatty acids (ROOH) present in the waste oil sample. 

The quantity (in moles) of base required to neutralize the acid is then calculated. 

III. Transesterification 

The calculated quantity of base is then added slowly to the alcohol and stirred gently 

until it dissolves. Excess of the alcohol is added to drive the reaction to complete. The 

solution of base in the alcohol is then added to a warm solution of the waste oil. The 

mixture is heated to 50oC for 4-8 hours to allow the transesterification to proceed. 

IV. Final Process 

The top layer which is a mixture of biodiesel and alcohol is decanted from the lower 

layer which comprises glycerine and other waste products. The excess is then distilled 

off to obtain pure biodiesel. 
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    The reaction scheme is shown below [9] 

          

Second generation biodiesel is made by a process called Fischer-Tropsch process. This process 

involves gasification of biomass and subsequent conversion to a mixture of diesel, kerosene and 

naphtha. The diesel is then distilled from the mixture. The feedstock for FT process can be a variety 

of fast-growing crops and organic residues such as straw and wood residues. 

        

   Fig 2.3- Schematic Representation of Biofuel Pathways. [30] 
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2.3 Producers of Biofuel 

Brazil and United states are the world leading producers of bioethanol, accounting for about 70% of 

world ethanol production and nearly 90% of ethanol used in fuel. Though United States is the 

largest producer of bioethanol, Brazil is the largest exporter and is considered as the world biofuel 

industry leader. [11] Brazil started biofuel production in 1975 using sugar cane as raw material. In 

2003, Brazil produced 9,9 million tonnes of bioethanol which is over 20 times European 

production. In 2006, their production increased to 16.3 billion liters which is 33,3% of world 

ethanol production and 42% of the world ethanol used as fuel. [11] Coimex Trading, a subsidiary of 

Brazilian conglomerate, Grupo Coimex, is the largest producer of ethanol in Brazil. All petrol sold 

in Brazil contains about 25% of bioethanol.  

In United States, bioethanol is produced from maize. It is used as a 10% blend with conventional 

fuel in United States. [12] The company that produces the largest ethanol in US is Archer Daniels 

Midlands.  

Columbia is the second largest producer of bioethanol in Latin America after Brazil, producing 

about 1,1 million liter/day. [10]    

In Europe, Germany and Spain are the largest producers of ethanol, producing 431million litres and 

396million litres respectively in 2007. [10]     

The world largest producers of biodiesel are France and Germany. Germany, the world leading 

biodiesel producer uses rapeseed as feedstock. Germany started producing biodiesel in 1999. In 

2001, about 300000 tonnes of rapeseed were used for biodiesel production in Germany. The largest 

producer of biodiesel in Germany is Archer Daniels Midland Company Inc. (ADM). They have two 

biodiesel facilities in Germany- one in Hamburg and one in Leer and have recently announced plans 

to build another one in Mainz which will produce about 275000 metric tonnes/year. 

France is the second world largest producer of biodiesel. Its largest producer, Diester Industrie, has 

the world’s largest biodiesel production plant near Rouen, producing 250000 tonnes/year. Grand-

Couronne in France is also among world leading biodiesel producers. It crushes about 1000 hectares 

of rapeseed/day, producing 800 tonnes of biodiesel/day. This equals 8 million kilometers run by a 

car if it ran 100% on it. [29] 
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Table 2.1 Biodiesel Production in the EU, 2006-2007 [10] 

North Capacity (‘000 tonnes)          South Capacity (‘000 tonnes) 

 2006 2007  2006 2007 

Germany 2662 4361 Italy 447 1366 

France 743 780 Spain 99 508 

Uk 192 657 Portugal 91 246 

Austria 123 326 Slovakia 82 99 

Poland 116 250 Greece 42 440 

Czech 

Republic 

107 203 Slovenia 11 17 

Denmark 80 90 Romania 10 81 

Belgium 25 335 Bulgaria 4 65 

Netherlands 18 115 Malta 2 8 

Sweden 13 212 Cyprus 1 6 

Lithuania 10 42 Hungary 0 21 

Latvia 7 20    

Ireland 4 6    

Estonia 1 35    

Finland 0 0    

Luxembourg 0 0    

Total 4101 7432 Total 789 2857 
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2.4 Effects of Biofuel Production 

 An effort to move totally to biofuels will increase global warming in terms of NOx and 

CO2 emission. This is owing to the deforestation and destruction of peat bogs in order to 

increase bio-feedstock expansion. For instance in Argentina, 500000 hectares of forest land 

was converted soya plantation between 1998 and 2002. This problem can be solved if the 

third generation feedstock is adapted. 

 Decrease in the availability of food to man and subsequent increase in its cost hence    

contributing to global food crisis. 

 Destruction of peat land. 

 

2.5 Market for Biofuels 

The quest to reduce the emission of greenhouse gases into the atmosphere and also the soaring 

prices of fossil fuel has led to increased market for biofuel in many parts of the world. 

However, there are some mitigating factors to the market for biofuel like the global food crisis.  

The market for biofuel around the world has tremendously increased over the past few years. 

America output of maize-based ethanol is rising by 30% a year. Brazil is continuously 

producing as much as the sugar crop, from which its ethanol is made, can allow. China has 

recently built the world largest ethanol plant and plans on building another. Germany, being the 

world largest producer of biodiesel, is increasing output by 40-50% per annum. France has aim 

tripled output of biofuel by 2007. New Zealand in 2007 launched its commercially available 

biofuel which is 90% petrol and 10% bioethanol made from cow’s milk. In September 2007, 

Brazil’s first commercial jatropha biodiesel project started operation. 

 

2.5.1 Plans and Policies Aimed at Boosting World Market for Biofuel 

 In October 2006, a law which stipulates one cent for every 10% of biodiesel mix gave 

biodiesel a federal credit in United States of America, hence boosting its use. 

 In 2003, EU set an objective to replace 2% of its fossil fuel consumed by motor in 

2005 and 5,75% by 2010. This target is aimed to be translated into national law. 
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 In Britain, Tesco, a supermarket giant that runs filling stations plans on building a 

biodiesel plant on the east coast of the country. 

 In Finland, Fortum Oil, part of Neste conglomerate; plan to build a 170000-tonne 

biodiesel plant at its Porvoo refinery which presently produces 4million tonnes of 

conventional diesel. [13]     

 Iogen, a Canadian company which opened a pilot plant for producing ethanol from 

cellulosic feedstock two years ago, plans a full-scale one in the Canadian prairies or 

Idaho. [10]     

 In May 2007, the Indian government has declared a biodiesel purchase policy to 

replace fossil fuels through non-conventional means of energy. 

 Research Institute of Innovative Technology (RIIT) Japan has developed technology 

for creating a diesel fuel from feedstock such as grass cuttings and wood chips. It is 

aiming for commercial production by 2010. 

 United States has plans to convert 20% of the nation’s petrol usage to biofuels by 2010. 

Responding to this, its department of energy has made funding opportunity 

announcement up to $33,8million to support the development of commercially viable 

enzymes and encourage cellulosic ethanol production. [10]     

 Vertigo, owned by US ecotechnologies developer, Valcent Products, has agreed to 

form a joint venture to produce biodiesel from algae, together with SGCEnergia in 

Portugal. [10] 

 The California Air Resource Board has announced it will adopt a resolution stating that 

all refineries producing petrol sold in the state will have to blend in 10% ethanol. [10] 

 A German company, Verbio Vereinigte BioEnergie, is considering plans to invest up to 

€100million in biofuel production facility in Bulgaria. [10] 

Biofuel Technology in the world is rapidly advancing. It has been projected that within the next 

decade, production of biofuel from non-food crops will gain more development hence, eliminating 

the mitigating factor to biofuel production posed by global food crisis and deforestation. Proper 

enacting and subsequent abiding on the above policies as well as completing the above plans will 

surely boost global market for biofuel considering its greener and more energy efficiency compared 

to fossil fuels. 
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2.6 Recent Research on Biofuels 

Owing to the need for increased production of biofuels, several researches have been made on the 

possible ways of improving production without causing food crisis. Most of these researches are 

directed towards using non-food feedstock for large quantity production of biofuels. Some of these 

researches and studies are discussed below: 

 

 High Quality Biofuel Pellet Production from Pre-compacted low density raw Material. [14] 

 

This study was carried out by some researchers in Swedish University of Agricultural 

Sciences. In the study, pre-compaction was evaluated as a method to enhance stable reed 

canary grass pellet production. Using multiple linear regression modelling of responses, 

production conditions for high quality pellets were found for varying design factors like raw 

material moisture content, steam addition, raw material bulk density and die temperature. 

The pellet bulk density, pellet durability and variability of pelletizer current were some of 

the response variables modeled. The raw material was pre-compacted from a bulk density of 

150kg/m3 to 270kg/m3 to obtain a continuous production at minimum raw material moisture 

content of 13,8%. From this study, it was shown that with pre-compaction, continuous pellet 

production from low density raw material can be achieved. In this study, multi linear 

regression modelling of the coefficient of variation of pelletizer current in an experimental 

design showed that one of the following conditions within the model range:- die temperature 

< 83oC; raw material density > 324kg/m3; moisture content <83oC is required for obtaining 

stable and continuous reed canary grass pellet production. [14] 

 

 Biodiesel Production from Waste Cooking Oil via Alkali Catalyst. [15] 

This research was carried out in Tianjin University, China. The major aim is to convert 

waste cooking oils to biodiesel with appropriate quality treatment. During the study, the 

conversion efficiency of waste cooking oil to biodiesel under different conditions of amount 

of catalyst, reaction time, temperature, and methanol/oil molar ratio. Sample of waste 

cooking oil was collected, heated and filtered before adding phosphate acid to eliminate 

phospholipids. Also the free fatty acids (FFA) present were esterified with methanol by 

sulphuric acid catalyst to avoid its saponification reaction. NaOH was then added at < 1% 

FFA to complete the transesterification reaction. After drying at 50oC for 60 minutes, the 
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crude ester layer was separated from the glycerol layer. Methanol was then separated from 

the crude ester by washing the crude ester 3 times with distilled water. The above process 

was carried out varying the methanol/oil molar ratio; temperature; amount of NaOH and 

time. It was found out that the following conditions give the best quality of biodiesel: - 9:1 

methanol/oil molar ration; 1.0wt% NaOH; 50oC temperature and time of 90 minutes. [15] 

 

 Biofuel Alternatives to ethanol. [16] 

This study was carried out in university of California, USA. It focuses on production of 

biofuel molecules using a variety of biosynthetic ways. Production of biofuel from 

lignocellulosic feedstock, that is, conversion of biomass hydrosylates (monosaccharides) to 

target molecules, is the main aim of this research. Recent and previous advances in 

metabolic engineering to produce biomolecules that are currently explored for development 

as transportation fuels were also highlighted. [16] A summary of the biosynthetic pathways 

for the production of biomolecules studied in this research is represented in the figure 

below:-  
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Figure 2.4- Metabolic Pathways for Production of Alcohols and other Biomolecules. [16] 

Description 

 Blue box shows isoprenoid pathways and isoprenoid-derived molecules. 

 Yellow box indicates fatty acid pathways and fatty acid-derived molecules. 

 Green texts are used to show short-chain alcohols. 

 Blue texts are used to show biomass-derived sugars 

 6P,G denotes 6-phosphogluconate 

 CIT denotes citrate 

 DHAP denotes dihydroxyacetone phosphate 

 FUM denotes fumarate 
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 DMAPP denotes dimethylallyl pyrophosphate 

 E4P denotes erythrose-4-phosphate 

 F6P denotes fructose-6-phopshpate 

 FBP denotes fructose-1,6-bisphosphate 

 GGPP denotes geranylgeranyl pyrophosphate 

 G’1P denotes galactose-1-phosphate 

 G1P denotes glucose-1-phosphate 

 G3P denotes glyceraldehydes-3-phosphate 

 G6P denotes glucose-6-phosphate 

 GPP denotes geranyl pyrophosphate 

 ICT denotes isocitrate 

 IPP denotes isopentenyl pyrophosphate 

 M6P denotes mannose-6-phosphate 

 MAL denotes malate 

 OAA denotes oxaloacetate 

 OGA denotes 2-oxoglutarate 

 PEP denotes phosphoenolpyruvate 

 R5P denotes ribose-5-phosphate 

 S7P denotes sedoheptulose-7-phosphate 

 SUC denotes succinate 

 SUC-CoA denotes succinyl coenzyme A 

 X5P denotes xylulose-5-phosphate 
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3 LITERATURE REVIEW ON KNOWLEDGE MAPPING 

 

Knowledge mapping has been in existence since many years ago. Man has been practicing it in his 

everyday life just that we are not documenting it or doing it in a systematic way.  It entails keeping 

a record of information and knowledge we need such as where we can get it from, who holds it, 

whose expertise it is, and so on. Let us take for instance, I need to find something in my room, I can 

easily find it because I have almost all the information/knowledge about it- what is where- and – 

who knows what at my home. It is a sort of map set in my mind about my home. This is not the case 

in an organization or about a subject because to set such a map about a subject or organization, we 

cannot do that in our mind- This is where knowledge mapping comes into play. With the aid of 

knowledge mapping, we can decipher every bit of knowledge that exists within a subject hence 

making it easy for us to make some predictions and modifications. 

Different scholars have defined knowledge mapping in various ways. Below are some of the 

definitions:-  

It's an ongoing quest within an organization (including its supply and customer chain) to 

help discover the location, ownership, value and use of knowledge artifacts, to learn the 

roles and expertise of people, to identify constraints to the flow of knowledge, and to 

highlight opportunities to leverage existing knowledge. 

Knowledge mapping is an important practice consisting of survey, audit, and synthesis. It 

aims to track the acquisition and loss of information and knowledge. It explores personal 

and group competencies and proficiencies. It illustrates or "maps" how knowledge flows 

throughout an organization. Knowledge mapping helps an organization to appreciate how 

the loss of staff influences intellectual capital, to assist with the selection of teams, and to 

match technology to knowledge needs and processes. 

- Denham Grey. [6] 

Knowledge mapping is about making knowledge that is available within an organization 

transparent, and is about providing the insights into its quality. 

- Willem-Olaf Huijsen, Samuel J. Driessen, Jan W. M. Jacobs. [6] 
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Knowledge mapping is a process by which organizations can identify and categorize 

knowledge assets within their organization - people, processes, content, and technology. It 

allows an organization to fully leverage the existing expertise resident in the organization, as 

well as identify barriers and constraints to fulfilling strategic goals and objectives. It is 

constructing a roadmap to locate the information needed to make the best use of resources, 

independent of source or form. 

- W. Vestal, APQC, 2002 (American Productivity & Quality Center). [6] 

Knowledge Map describes what knowledge is used in a process, and how it flows around the 

process. It is the basis for determining knowledge commonality, or areas where similar 

knowledge is used across multiple processes. Fundamentally, a process knowledge map 

contains information about the organization’s knowledge. It describes who has what 

knowledge (tacit), where the knowledge resides (infrastructure), and how the knowledge is 

transferred or disseminated (social). 

- IBM Global Services. [6] 

3.1 Process of Knowledge Mapping 

Knowledge mapping can be described as the process of creating a knowledge map. A knowledge 

map on the other hand is an association of information usually in a visual form that portrays 

actionable information. 

Knowledge mapping process consists of different steps which aim at transforming or manipulating 

information, knowledge and/or data. It examines the dynamics at play in a subject or an area of 

work; origin of the elements; and where they are needed and should be used. 

For knowledge mapping to be effective, it should be created with reference to four perspectives 

known as the Visual Framework. The visual frame work is as follows:-[17] 

 The function of the map (including coordination, motivation, and elaboration). 

 The knowledge types (know what, know how, know why, know where, and know who). 

 The recipient (individual, group, organization, network). 

 The visualization type (sketch, diagram, image or map) 
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The success of the knowledge mapping process depends to a large extent, on the people who apply 

it; their ability to engage all the participants in the exercise, ensuring that people understand the 

process and are able to interpret the map; and the integration of all four perspectives in the visual 

framework, rather than on the tools themselves which are used to produce the map. 

3.1.1 Steps of Knowledge Mapping Process 

 Acquiring of data 

This is the first step in the knowledge mapping process. It entails acquiring raw data from 

one or more sources for instance through survey. [17] 

 Manipulation of data 

These raw data are manipulated through basic analysis to produce first order data that are 

suitable for generating maps. [17] 

 Data Storage 

This involves storing the first-order data in a central database which is often referred to as 

the Knowledge Mapping Database (KMDB). [17] 

 Data Processing 

In this step, higher order processing is applied to the first-order data in order to gain higher-

level insight. Analysis, aggregation, and contextualization are some of the techniques used 

in producing a higher-order data. [17] 

 Visualize Data 

In this final step, both the first and higher- order data are visualized in specific ways. 

Adequate visualization of these data, taking into account different preferences, results in a 

knowledge map that is available within a particular domain of work hence producing viable 

information as to the pattern of flow of this information, its origin, destination, whom they 

are meant for as well as the gap that exist between these knowledge. [17] 
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3.2 Knowledge Mapping Techniques/Tools 

From literature [7], seventeen types of knowledge mapping tools have been identified; each having 

its strength and weakness in different contexts. We shall take a look at the different techniques that 

exist and the challenges associated with implementing them. The knowledge mapping tools and 

techniques are as follows: - [7] 

 Concept Map 

 Mind Map/ Idea Map 

 Concept Circle Map 

 Semantic Map 

 Cognitive Map 

 Process Map 

 Social Mess Map/ Cross Boundary Causality Map 

 Conceptual Map 

 Knowledge Flow Map 

 Causal Map 

 Ontology 

 Petri net 

 Cluster Vee Diagram 

 Thesauri 

 Visual Thinking Network 

 Topic Map 

 Perceptual Map 

Let us discuss each of the above briefly, stating their application and a pictorial representation. 

 Concept Map 

This is a node-link structure in which nodes denotes concepts and links show the 

relationship between these concepts. It is used for visualizing the relationships among 

different concepts. This technique was developed by Joseph D. Novak and his research team 

at Cornell University in the 1970s. [7] 
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Concept map can be applied in expressing a particular person’s knowledge about a given 

topic in a specific context; sometimes for brainstorming and also to explore prior knowledge 

and misconceptions. 

   

Figure 3.1- Pictorial Representation of Concept Map. [7] 

 

 Mind Map/ Idea Map 

This is an image centered diagram that represents semantic or other connections between 

portions of information. It begins with one central concept and radiate hierarchically 

outwards as sub-concepts or additional ideas emerge. Some of its earliest examples were 

developed by “Porphyry of Tyros,” a noted thinker of the 3rd century. It is used in note-

taking, to capture and reflect the process in the brain, and for problem solving by educators, 

engineers, and psychologists etc. [18] 
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Figure 3.2- Pictorial Representation of Mind Map. [19] 

 

 Concept Circle Diagram 

These are labeled circles which may be inclusive, exclusive, and/or overlapping to show the 

relationship between different concepts. It is showing the existing and desired relationship 

between concepts, organization, departments etc, and to organize ideas into categories. [7] 

                      

             

 

 

 

 

 

 Semantic Map 

Similar to mind map, idea and concept map, it is a strategy for representing concepts 

graphically. It portrays the schematic relations in a concept. It assumes that there are 

 

      B 

C 

     AB 

ABC 

A 

AC 

Figure 3.3- Pictorial Representation of Concept Circle. [7] 
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multiple relations between a concept and the knowledge that is associated with the concept. 

Hence, for any concept, there are at least three types of associations:- [7] 

 Class- the order of things the concept fall into 

 Property- the attributes that define the concept; and 

 Example- exemplars of the concept. 

            It is used for artificial intelligence and machine translations. 

                

 Figure 3.4- Pictorial Representation of Semantic Map on Landforms. [7] 

 

 Cognitive Map 

This is the type of map that maps the thoughts a person have about a particular situation or 

subject. The pioneer of this type of map is Tolman (1948). They are methods we use to 

structure and store spatial knowledge, allowing the “mind’s eye” to visualize images in 

order to reduce cognitive load and enhance recall and learning information. They are applied 

in referring to the mental models that people use to perceive, contextualize, simplify, and 

make sense of complex systems. [20] 
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Figure 3.5- Pictorial Representation of Cognitive Map. [7] 

 Process Map 

This is a hierarchical representation of process that shows how a product or transaction is 

processed using block diagrams. It is more or less like a flow chart of the sequence of steps 

in a process. It shows at a glance, the interactions of causes during the work-flow such that a 

person unfamiliar with the process can easily understand it. It is used to define the sequence 

of tasks which link the action of people within and across functions in order to achieve a 

specific goal. [21] 
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     Figure 3.6- Pictorial Representation of Process Map. 

 Social Mess Map 

These are knowledge map that portray the major organizations and societal sectors involved 

in a mess. It generally summarizes a particular group’s understanding of the problems, 

causes, influences, and relevant data about the mess. [7] 

 Conceptual Map 

This represents concepts, knowledge and their relation in a clear and understandable way. 

They are used as a communication language between people and computer systems. [7] 
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   Figure 3.7- Pictorial Representation of Conceptual Map. [7] 

 Knowledge Flow Map 

A high-level knowledge models in a transparent graphical form. It is used to map and 

measure relationships and flows between people, groups, organizations and 

information/knowledge processing entities. [7] 

   

  

 

 

 

 

 

 

 

  Figure 3.8- Pictorial Representation of Knowledge Flow Map. [7] 
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 Causal Map 

This is the use of directed node and link graphs, similar to concept maps, to represent a set 

of causal relationships within a system. For instance, below is a causal map showing two 

sixth grade girls’ representation of the factors that contribute to the health of a stream. It is 

used to explore beliefs of individuals or groups in order to establish beliefs of individuals or 

groups in order to establish cause and effect relationships. [7] 

    

 

Figure 3.9- Pictorial Representation of Causal Map. [7]  

 Ontology 

Ontology describes a concept and relationships that can exist for a community of agents. It 

is used in searching all of the available information in a given field. 
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 Petri Net 

This type of map is used for description of discrete distributed systems. It consists of places, 

transitions, and directed arcs. The places from which the arc run to are called the input 

places of the transition and the places to which it run from a transition are called the output 

places of the transition. It was invented by Carl Adam Petri in August 1939 for the purpose 

of describing chemical processes. 

 

 

  

 

 

 

 

 

 

Figure 3.11- Pictorial Representation of Petri net. [7] 

a transition 
(intermediate) 

a transition 
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Chemical Engineering Department
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Figure 3.10- Pictorial Representation of Ontology of Chemical Engineering Department 
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 Cluster Vee Diagram 

This is in form of V-shaped road-map showing a route from prior knowledge to new and 

future knowledge. It helps science students to make explicit essential elements to 

constructing scientific knowledge. 

        

 

 

 

 

 

 

 Thesauri 

Maps used to convey meaning, orientation and structure. It represents a set of concepts in 

which concept is characterized by hierarchical, synonymous, horizontal, and other relevant 

relations. It is often used in retrieval system and modern information example in 

bibliographic information. [7] 

 

  Figure 3.13- Pictorial Representation of Thesauri. [7] 

Figure 3.12- Pictorial Representation of Cluster Vee Diagram. [7] 

Value Statements 

Statistics 

Record

Data 

Conclusion 

 The measured Event 

Concepts 

Theory 

Terms 

Assumptions 



31 

 

 Visual Thinking Network 

This is meta-cognitive and knowledge representation strategy that encourages the user to 

integrate multiple ways of thinking that informs concept formation. It is a technique by 

which the user can represent, organize, and revise their meaning- making of knowledge by 

grouping and linking symbolic and pictorial visualizations into a coherent whole. [7] Below 

is an example of such network, it shows a network of semantic labels in color constructed be 

a female. 

 

Figure 3.14- Pictorial Representation of Visual Thinking Network. [30]
 

 Topic Map 

This is used to organize information in a way that can be optimized for navigation. They are 

designed to manage large quantities of unorganized information. It is more or less an 

electronic version of book indexes. In other words, it helps users to go directly to particular 

information within a concept. [7] 

 Perceptual Map 

This is a graphic technique used usually by marketers to visually display the perceptions of 

customers or potential customers. It is a way of taking complicated results from research 

surveys and presenting them on a clear and informative map. Hence, it can used to 

summarize the dimensions that customers use to perceive and judge products and identify 

how competitive products are placed on those dimensions. [7] 
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4. PRESENTATION OF CITESPACE 

 

CiteSpace is a java application developed by Chaomei Chen for analyzing and visualizing co-

citation networks. It visually maps bibliographic data collected with web of science or PubMed 

within an area of specialization through a progressive knowledge domain visualization approach. 

The aim is to detect and visualize trends and patterns in scientific literature hence facilitating the 

analysis of emerging trends in a knowledge domain. It allows the user to make a time series 

snapshots of a domain and subsequently, merge these snapshots. These knowledge domains are 

modeled and visualized as a time-variant duality between two fundamental concepts in information 

science which are research fronts and intellectual bases. Research fronts which were introduced by 

Price refer to the body of articles that scientists actively cite. According to Persson, in bibliometric 

terms, the citing articles form a research front and the cited articles form an intellectual base. [23,24,25] 

Features of CiteSpace are related to three central concepts: - [23] 

 Kleinberg’s burst detection algorithm which identifies emergent research front concepts. 

 Freeman’s betweenness centrality metric which highlights potential pivotal points. 

 Heterogeneous networks. 

A knowledge domain is conceptualized as a mapping function between a research front and its 

intellectual base. With the aid of this mapping function, three issues can be addressed: - [23] 

 Identifying the nature of a research front 

 Labeling a specialty 

 Detecting emerging trends and abrupt changes in a timely manner. 

CiteSpace has two major interface components. The first component shown in figure 4.1 below is 

used for indicating the data and analysis parameters. The second interface component as shown in 

figure 4.2 is used for manipulating the visualization of a knowledge domain in several ways. With 

this interface, visual attributes of the display as well as a variety of parameters used by the 

underlying layout algorithms can be adjusted. [23] 
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Figure 4.1- CiteSpace First Interface. [26] 

 

Figure 4.2- CiteSpace Second Interface. [26] 
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4.1 Definition of Terms in CiteSpace. 

For better understanding of CiteSpace, let us define some terms used by CiteSpace. The following 

terms can be distinguished: - [28] 

 Betweenness Centrality- this is a metric of a node in a network that measures how likely an 

arbitrary shortest path in the network will go through the node. 

 Burst Terms- this refers to a single word or group of words extracted from the title, abstract, 

or other fields of bibliographic record. Its frequency sharply increases over a period of time. 

 Citation- this is a situation whereby a publication makes reference to another publication. 

 Citation half-life- this is the amount of years it took a publication to receive half of its 

citation. 

 Cluster tree-rings- this is the growing out of rings of a node to show its time series of 

citation. The thickness of the ring is proportional to its citation in a corresponding year. 

 Cluster view- this is an organized network of nodes. 

 Co-authors- these are authors who contributed to the same publication. 

 Co-citation- this is a situation whereby a publication cites two items such as authors, 

documents or journals etc. For instance in author co-citation analysis, two authors are linked 

by how often other authors reference their work together. 

 Color Map- a spectrum of colors used by CiteSpace to depict temporal order of 

observations. 

 EM Clustering- Expectation Maximization (EM). This is used to denote nodes that are 

clustered based on different attributes like citations, betweenness centrality, and citation 

half-life. 

 MeSH terms- this is abbreviation for Medical Subject Heading terms. They are set of 

controlled vocabulary compiled by the national library of medicine. 

 Pathfinder Network Scaling- this is used to remove some links in a network in order to have 

a clearer picture of the salient links and paths. It uses a filtering criterion known as the 

triangle inequality condition to determine whether to remove or retain each link in the 
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original network. This triangle inequality requires that the length of a path connecting two 

points in a network should not be longer than the length of other alternative paths 

connecting the two points, but go through extra intermediate points. 

 Publication types- these are study design types extracted from PubMed for clinical trial 

studies, including meta-analysis and randomized clinical trials. 

 Spotlight- this is the resulting picture of a network after links that are not connected to the 

pivotal (turning) points are faded. 

 Turning points- these are nodes whose betweenness centralities are > 1. 

 Thresholds- this is a selection criteria that CiteSpace uses to include items in a visualization 

process. 

 Time Slicing- this is used to divide a period of time into a series of smaller windows. 

 Time-zone view- this is a view of a network in which its nodes movement is restricted to 

vertical time zones corresponding to the time of their publication. 

 

4.2 Running CiteSpace 

CiteSpace can either be run directly from the web through the link 

http://cluster.cis.drexel.edu/~cchen/citespace/ or by downloading the demo from the same link and 

running it, this time around, not from the web. The primary source of data for CiteSpace is the ISI 

web of science. The following are the steps for running CiteSpace:- 

 

 Data Collection and Preparation 

The first step is data gathering. This is done with the aid of ISI web of science. A general 

search is usually preferable for retrieving bibliographic records from the ISI web of science. 

Type a keyword in the topic section of the searching alternatives. You can select the range 

of years you want to obtain its bibliographic record. Normally, we search for articles 

excluding books or reviews.  
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After the search, the results obtained, if not satisfactory, can be refined to obtain a 

satisfactory result. The result is then downloaded to the computer for CiteSpace to process. 

The download is done by extracting the results and saving them as plain text with the file 

name in the format “download*.txt”, for instance download_bio.txt. The results must be 

saved in a folder because CiteSpace cannot run results saved in ordinary files. During the 

result extraction, authors, title, source, abstract, full record, and cited reference should all be 

extracted. The maximum number of result that CiteSpace can run at a time is 500 and as 

such, if your search result from the web of science is more than 500, then you should select 

a maximum of 500 results to be extracted.  

 Creating the project name on the CiteSpace demo 

The next step is to upload this result into the CiteSpace demo and defining it with a name. 

Click on “New” on the CiteSpace demo. The window below opens. 

 

Figure 4.3 New Project Window on CiteSpace. [26] 

On the “Title,” specify any name you wish to use to denote the project. Upload the saved 

search result from the web of science on the “Project Home” and “Data Directory”. Note 

that the two directories should point to different directories to avoid encountering problems 

later on. Do not alter any other parameter. When you are through, click “Apply” and then 

“Done” to leave the panel.  
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 Running the Project 

After creating the project, the project is ready to be run. You can select the period of time 

you want CiteSpace to work on. CiteSpace only analyzes the bibliographic records within 

this period of time. You can also chose the node basis for the analysis, i.e, either citing 

authors, keywords, countries, etc. You can also adjust the threshold. The lower the 

threshold, the more detailed is the network but zero should never be selected. After choosing 

all the parameters, click on “GO!” button. You will see that CiteSpace updates its status as it 

processes each year’s data. The process report panel shows the number of nodes and links in 

the generated network as shown in figure 4.6 below. 

 

Figure 4.4- CiteSpace Demo during data processing. [26] 
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When CiteSpace is through with the processing, the dialog box below appears. 

 

Figure 4.7- CiteSpace visualization Dialog box. [26] 

Click on “Yes” for a new window to appear. The new window as shown in figure 4.8 below 

appears after clicking “Yes.” This window shows the visualized network of the analysis. 

 

Figure 4.8- CiteSpace Analyzed process Visualization window. [26] 

 

You can perform the analysis different times using different thresholds and/or node 

parameters. In the network visualization window, you can interact with the network in 
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several ways. For instance, you can increase the node and font size; you can adjust the scale 

and also zoom-in or zoom-out the network; you can chose article labeling either by 

centrality or by frequency. 

Also on this window, you can select a group of nodes to view details about them like the 

author, year of publication, source, etc. Other attributes of the network like the color, 

transparency etc can be adjusted. The image of the visualized network can be saved. Note 

that each time you run CiteSpace, you have to name the image saved else CiteSpace over-

writes it each time you save a new image, hence, you will lose the previous image if not 

renamed and sent to a different folder or destination. The layout of the network can also be 

saved. The result can also be extracted to excel for further analysis. 
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5. PRESENTATION OF RESULTS 

 

Following the steps described in the previous chapter, CiteSpace was analysed on the basis of 

’reference’ while varying other parameters like the thresholding, strenght, and time slizing. Several 

results were obtained. We will describe the results below. 

5.1 Reference Network Result Analysis 

The following conditions and parameters prevail in this result:- 

 Keyword for search in ISI Web of Science is ‘biofuel.’ 

 

 Number of extracted results is ‘499.’ 

 

 Time slicing in CiteSpace is from 2006 to 2008 because before the year 2005, CiteSpace 

returned ‘zero’ record in file, ‘zero’ record in slice, ‘zero’ space, ‘zero’ node and ‘zero’ 

links. Hence other years apart from 2006 upwards were eliminated for a better result. 

 

 Search was based on ‘References.’ 

 

 Term selection is ‘None’ because with other term selecetions, CiteSpace displays that there 

are no qualified node to display. 

 

 Thresholding is as follows- 2,4,2, 2,3,3, 2,3,4.  

Despite the fact that his thresholding was used for the analysis of this result, the 

thresholding was varied a number of times before a better network was achieved with the 

above threshold. 

 

 Visualization was set to ‘Cluster View (Default).’ 

 

We will now discuss the resulting networks, explaining the researches in each network as well as 

the researches that link them. The resulting network is as shown is Appendix 1A. From this result, 

different clusters can be identified and analysed as follows:- 
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 The cluster number 1 returned N=24 (24 Nodes) on selection but no data was obtained in the 

search result on the far right of the CiteSpace visualization interface. Though on the node 

details, few authors were identified but no title was identified. The authors mentioned here 

are Loufti H, Cloutier JN, Davy MF, Ohman F, Uloth VC, Fengel D, Norgren M, Alen R, 

Sundin J, and Alen R. In all these, no title was found in the title field on the node details. 

 

 The same result is obtained for the cluster number 2. 

 

 In cluster number 3, 88 nodes were selected and analysed. The details of this result are 

shown in Appendix 1B. From these details, it can be seen that some of the studies are on 

reducing the rate of greenhouse gas emission; butanol synthesis and the enzymes and 

bacterium that aid in the synthesis. Ways of boosting the action of this bacterium was the 

subject of some of the studies. Some other studies concentrated on the sources of carbon 

soot, aerosols, and their effects on the atmosphere. This cluster can be named ’Greenhouse 

Gases Assessment, Carbon Soot and Clostridium acetobutylicum.’ 

 

 In the space between cluster numbers 1, 2 and 3, 31 nodes were selected and the results 

obtained in the search result are detailed in Appendix 1C. From these details, virtually all 

the studies done here are on Clostridium acetobutylicum bacterium which is used in the 

synthesis of butanol and ethanol. A detailed study on the sol operon of this bacterium, its 

source and modus operandi in alcohol synthesis was done by some of the researches here. 

This linkage between cluster numbers 1, 2 and 3 is a breakthrough of studies in alcohol 

synthesizing bacterium. These results do not exist in any of the clusters because they are 

distinct from the subject of other clusters and represent the researches linking clusters 1, 2, 

and 3. 

 

 In cluster number 4, 99 nodes were selected and the search results obtained are detailed in 

Appendix 1D. It can be seen from this details that researches in this cluster are based on 

biological redox reactions and biofuels; bioelectronic materials and biosensors; power 

generation in marine environments etc. Biofuel cells are systems used to generate electrical 

power by catalytic reaction of microorganisms in compounds such as glucose, acetate, 

butyrate, or wastewater. They can also be used to determine the BOD of wastewater. This 

cluster can be named ’Microbial Power Generation and Biocells.’ 
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 In cluster number 5, 51 nodes were selected and the search results obtained are detailed in 

Appendix 1E. The details shows that most of the researches in this cluster are on alcohol 

dehydrogenase- an enzyme for catalyzing oxidation of alcohols to ketones and also for the 

catalysis of the reverse reaction. It is also used in the fermentation of yeast and bacteria to 

ethanol and CO2. It also finds application in fuel cell where is catalyzes the breakdown of 

fuel for an ethanol fuel cell.  

 

Other researches in this cluster study bioprocess engineering; membrane cells and 

electrochemistry of cytochrome c - a protein found plants and is used for catalysis of 

aromatic oxidation. The cluster can be named ’Alcohol dehydrogenase, Carbon electrodes 

and nanotubes in biosensors.’ 

 

 Between cluster numbers 4 and 5, 67 nodes were selected and the search results obtained are 

detailed in Appendix 1F. The researches here, as can be seen from Appendix 1F, are on 

bioelectrocatalytic oxidation of glucose or lactase; enzymes most suitable for this process; 

factors responsible for pH activity profile of fungal laccase, etc.  

 

Some other researches are on biosensors and on a novel glucose enzyme fuel cell. These 

studies boost the knowledge on biofuel cells hence proposing a breakthrough in bioprocess 

engineering. These results do not exist in any of the clusters because they are distinct from 

the subject of other clusters and represent the researches linking clusters 4 and 5. 

 

 

 In cluster number 6, 114 nodes were selected and the search results obtained are detailed in 

Appendix 1G. The appendix shows that researches in this cluster are on lignocellulosic 

bioconversion process; global climate stability; gasohol and its net climate energy effects; 

energy produce of ethanol plants; bioenergy resource materials; carbon effect in an 

electrochemical system; biomass as feedstock for bioethanol and its economic 

commercialization; soil carbon sequestration and its impact on climate; hydrogen production 

in photochemical cell; global warming; lignin biosynthesis; and possible future effects of 

agricultural food production on the environment. This cluster can be named ’Lignocellulosic 

Bioconversion Process and Global Climate Stability.’ 
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 Between cluster numbers 4, 5, and 6, 37 nodes were selected and the results obtained are 

detailed in Appendix 1H. Some of the researches here are on microbial fuel cell. There was 

a study on the bacteria for reducing manganese oxide and one more study on enzymatic 

microdetermination of D-fructose. The last two researches mentioned above are significant 

because they are new studies in science and bacteriology respectively. These researches are 

the studies linking clusters 4,5, and 6. 

 

 In cluster number 7, 16 nodes were selected and the detail of the result obtained is analysed 

in Appendix 1I. There is only one research in this cluster. It is on biosynthesis of fatty acid 

using biotechnological strategies hence, the cluster can be named ’Biotechnological 

Strategies for synthesis of fatty acid.’ 

 

 Between cluster numbers 6 and 7, 12 nodes were selected and the search results obtained are 

detailed in Appendix 1J. These results represent the research connecting cluster numbers 6 

and 7. There are three studies on this link. One is on a microalga as a source hydrocarbon. 

The second is on trends in lignin modification and the last is on bioprocess. These three 

researches are quite novel. The first is very important as it provides alternatives for 

hydrocarbon thus reducing dependency on fossil fuels. The last one is very essential in that 

it maximizes the synthesis of ethanol from sugars. 

 

 In cluster 8, 18 nodes were selected and the search results obtained were analysed in 

Appendix 1K. The only two results obtained in this cluster are studies on use of BLAST and 

PSI-BLAST programs in DNA and protein search, database search, gene identification, and 

motif search, etc. There is no study linking this cluster and other clusters around it. 

 

5.2 Cited Authors Network Result Analysis 

The following criteria and parameters were used for this analysis:-  

 Keyword for search in ISI Web of Science is ‘biofuel.’ 

 

 Number of extracted results is ‘499.’ 

 

 Time slicing in CiteSpace is from 1998 to 2008.  



44 

 

 

 Search was based on ‘Cited Authors.’ 

 

 Term selection is ‘None’ because it gives the best network. 

 

 Thresholding is as follows- 2,3,8, 2,3,4, 2,3,6.  

Despite the fact that his thresholding was used for the analysis of this result, the 

thresholding was varied a number of times before a better network was achieved with the 

above threshold. 

 

 Visualization was set to ‘Cluster View (Default).’ 

 

 Strength was set to ‘Cosine.’ 

 

 Scope was set to ‘within slices.’ 

 

 Years per slice is ‘1’ 

 

From the CiteSpace ‘Space status’ and ‘Process result’ panel, process result and space status was 

displayed for only 2006 to 2008. The resulting network is shown in Appendix 2A. The clusters are 

analysed as below:- 

 

 In cluster 1, 136 nodes were selected. The results obtained in the search result shows that so 

many of the studies are also found in Result one. To avoid repeatition in the appendices, 

these previously analysed studies and the corresponding appendix in which each of them has 

occured are listed below: - 

 

o Molecular characterization and transcriptional analysis of adhE2, the gene encoding 

the NADH-dependent aldehyde/alcohol dehydrogenase responsible for butanol 

synthesis.... Appendix 1C. 

o Cloning, sequencing, and molecular analysis of the sol operon of Clostridium 

acetobutylicum, a chromosomal locus involved in solventogenesis...Appendix 1C. 

o Molecular biology of microbial hydrogenases... Appendix 1C. 
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o Genome sequence and comparative analysis of the solvent-producing bacterium- 

Clostridium acetobutylicum.... Appendix 1C. 

o Spo0A directly controls the switch from acid to solvent production in solvent-forming 

clostridia.... Appendix 1B. 

o Molecular characterization of an aldehyde/alcohol dehydrogenase gene from 

Clostridium acetobutylicum ATCC 824..... Appendix 1B. 

o Simultaneous bioconversion of cellulose and hemicelluloses to ethanol... Appendix 1J 

o Application of conducting polymers to biosensors.... Appendix 1E. 

o Harnessing microbially generated power on the seafloor... Appendix 1D. 

o Trends in lignin modification: a comprehensive analysis of the effects of genetic 

manipulations/mutations on lignifications and vascular integrity. 

o Standard apparent reduction potentials for biochemical half reactions as a function of 

pH and ionic strength... Appendix 1G. 

o Enzyme-assisted reforming of glucose to hydrogen in a photoelectrochemical cell... 

Appendix 1G. 

o The mechanism of cathode reduction of oxygen in a carbon carrier-laccase system..... 

Appendix 1D. 

 

The rest of the results not found in other clusters previously analysed is given in Appendix 

2B. From the results in Appendix 2B and those listed above, it can be seen that this cluster 

comprises of variety of studies ranging from genetic study, study of enzymes, molecular 

biology of lipids, study of plant lignin, to biotechnology etc. All these studies are channelled 

towards ways of promoting biofuel production from non-food feedstock, increasing its 

commercialization and reducing its impact on the environment. There is no definite name 

label for this cluster as it contains researches in diversified fields as can be seen from the 

above description. 

 

 In cluster 2, 531 nodes were selected. The results obtained also shows that so many of the 

research obtained here are found in some clusters previously described. Also to avoid 

repeatition in the appendices, these previously analysed studies and the corresponding 

appendix in which each of them has occured are listed below: - 

 

o Can biofuels finally take stage centre? .... Appendix 1G. 

o An oxygen cathode operating in physiological solution... Appendix 1D. 
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o Stabilization wedges: solving the climate problem for the next 50 years with current 

technologies... Appendix 1G. 

o Global environmental impacts of agricultural expansion: the need for sustainable and 

efficient practices... Appendix 1G. 

o Life-Cycle assessment of net greenhouse gas flux for bioenergy cropping system... 

Appendix 1B. 

o Array based electrical detection of DNA with nanoparticle probes... Appendix 1D. 

o Colloidal gold as a biocompatible immobilization matrix suitable for the fabrication of 

enzyme electrodes by electrodeposition... Appendix 1D. 

o Integration of polyaniline/poly (acrylic acid) films and redox enzymes on electrode 

supports: an in situ electrochemical/surface Plasmon resonance study of the 

bioelectrocatalyzed oxidation of glucose or lactate in the integrated bioelectrocatalytic 

systems.... Appendix 1F.  

o Operational parameters affecting the performance of a mediator-less microbial fuel 

cell..... Appendix 1H. 

o A study of the kinetic and mechanism of yeast alcohol dehydrogenase with a variety of 

substrates..... Appendix 1E. 

o A new potent inhibitor or horse liver alcohol dehydrogenase: p-methylbenzyl 

hydroperoxide...... Appendix 1E. 

o A concept for immobilizing catalytic complexes on electrodes: cubic phase layers for 

carbon dioxide sensing..... Appendix 1D. 

o Carbon nanotubes- the route toward applications.... Appendix 1E. 

o Strong radiative heating due to the mixing state of black carbon in atmospheric 

aerosols.... Appendix 1B. 

o Extracellular electron transfer.... Appendix 1E. 

o Covalent attachment of osmium complexes to glucose oxidase and the application of 

the resulting modified enzyme in an enzyme switch responsive to glucose.... Appendix 

1F. 

o Nutrient database for distiller's dried grains with solubles produced from new ethanol 

plants in Minnesota and South Dakota.... Appendix 1G. 

o Gasohol: Does It or Doesn't It Produce Positive Net Energy... Appendix 1G. 

o Immobilization method for the preparation of biosensors based on pH shift-induced 

deposition of biomolecule-containing polymer films... Appendix 1D. 
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o Mediator-modified electrodes for catalytic NADH oxidation: high rate constants at 

interesting overpotentials.... Appendix 1F. 

o Basic local alignment search tool.... Appendix 1K. 

o Direct and indirect electron transfer between electrodes and redox proteins... Appendix 

1D. 

o Progress in monitoring, modelling and control of bioprocesses during the last 20 

years.... Appendix 1E. 

o Evaluation of cellulase recycling strategies for the hydrolysis of lignocellulosic 

substrates... Appendix 1G. 

o Climate effects of black carbon aerosols in China and India.... Appendix 1B. 

 

The rest of the results that are not in any other cluster previously analysed are listed and 

described in Appendix 2C. From the appendix and also from the results listed above, this 

cluster comprises of research in diversified areas of biofuels. So many areas are covered. 

These include:- biocells, biosensors, ethanol and its feedstock including lignocellulosic 

feedstock, impacts of agricultural expansion and that of biofuel on the environment and 

solution, greenhouse effects, bioelectrocatalytic systems and glucose oxidation, aquatic 

power generation, ethanol oxidation and reduction, carbon-dioxide sensing, carbon 

nanotubes, plant physiology, analysis of fibre content of food, gasohol, trends in biodiversity 

and nutrient database search, etc. Despite the fact that some other clusters contain researches 

in some of the fields mentioned above, they do not focus on the same aspects of study in the 

corresponding research field. There is no definite name label for this cluster as it contains 

researches in diversified fields as can be seen from the above description. 

 

 Between clusters 1 and 2, 161 nodes were selected and several search results were obtained. 

From the results obtained, some of the researches have been described in previous clusters. 

Also to avoid repeatition in the appendices, these previously analysed studies and the 

corresponding appendix in which each of them has occured are listed below: - 

 

o Direct electrochemistry of cytochrome c at a glassy carbon electrode modified with 

single-wall carbon nanotubes... Appendix 1E. 

o Enzyme-assisted reforming of glucose to hydrogen in a photoelectrochemical cell.... 

Appendix 1G. 
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o Nature of the intermediate formed in the reduction of O2 to H2O at the trinuclear 

copper cluster active site in native laccase.... Appendix 1D. 

o Lignin biosynthesis.... Appendix 1G. 

o Repression of lignin biosynthesis promotes cellulose accumulation and growth in 

transgenic trees.... Appendix 1G. 

o Harnessing microbially generated power on the seafloor.... Appendix 1D. 

o Development of a novel glucose enzyme fuel cell system employing protein 

engineered PQQ glucose dehydrogenase.... Appendix 1F. 

o Botryococcus braunii: a renewable source of hydrocarbons and other chemicals.... 

Appendix 1J. 

o X-ray crystal structure of the Fe-only hydrogenase (CpI) from Clostridium 

pasteurianum to 1.8 angstrom resolution.... Appendix 1C. 

o Brachypodium distachyon. A new model for functional genomics in grasses... 

Appendix 1G. 

o Investigation of the electrochemical and electrocatalytic behaviour of single-wall 

carbon nanotubes film on a glassy carbon electrode.... Appendix 1E. 

o Effects of membrane cation transport on pH and microbial fuel cell performance... 

Appendix 1H. 

o Effects of initial carbon sources on the electrochemical detection of glucose by 

Gluconbacter oxydans.... Appendix 1G. 

o Laccase: new functions for an old enzyme... Appendix 1D. 

 

The rest of the results that did not occur in any other cluster are described in Appendix 2D. 

From this appendix and the researches listed above, it can be seen that the researches in this 

linkage covers studies which include:- crop improvement; study of plant cell wall for 

improved digestibility; carbon electrodes and its modifications for improvement; 

photoelectrochemical cells; analysis of lipid-systems; synthesis of lignin; microbial power 

generation at seafloor; study of enzymes; improvement of fuel cell system with the aid of 

enzyme; alternative hydrocarbon source; biosensor; future of renewable energy resources; 

microbial fuel cell, etc. The studies here present a transition towards the improvement of 

biofuel and its feedstock as well as improvement of renewable bioenergy generation and 

they represents the studies linking clusters 1 and 2. 

 

 10 nodes were selected in cluster 3 but there was no search result obtained. 
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5.3 Country Network Result Analysis  

Using the same parameters as in section 5.2 but changing the thresholding to 2,3,4,2,3,4,2,4,5 and 

basing the analysis on ‘Country’, CiteSpace was run and the resulting network is shown in 

Appendix 3. On selection of several nodes, no result was obtained in the ‘search result’ on the right 

panel of the CiteSpace display interface.  

From the network, it can be seen that USA has the largest node size followed by Sweden, China, 

Japan, Germany, Poland, England, and others. This represents the order of number of researches 

done by different countries with USA having the highest frequency of research. 

Since mere looking at the network does not present a clear view of contributions of different 

countries, the result was extracted to excel and represented on the table below. From the table, only 

28 countries have contributed towards researches in biofuel with USA leading the researches. From 

the frequency, USA leads Sweden, which is second, by a margin as high as 100.   

 

Table 5.1- Researches by different countries  

S/No Frequency Country 

1 131 USA 

2 31 Sweden 

3 30 Peoples R China 

4 24 Japan 

5 23 Germany 

6 22 Poland 

7 20 England 

8 16 Brazil 

9 15 France 

10 13 Netherlands 

11 13 India 

12 11 Canada 

13 10 Australia 

14 10 Italy 

15 8 Turkey 
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16 7 Switzerland 

17 6 Spain 

18 6 Israel 

19 6 South Korea 

20 5 Lithuania 

21 4 Taiwan 

22 4 Belgium 

23 3 Wales 

24 3 Hungary 

25 3 Argentina 

26 2 Romania 

27 2 Sri Lanka 

28 2 South Africa 

 

Below is a summary of the research fields and contributions of some countries:- 

 

 USA – United Stated is the leading research country in the field of biofuels and bioenergy. 

From the Appendixes, they have researched both solely and in collaboration with other 

countries in the following fields:- greenhouse gases, its release and climate stabilization and 

global warming; butanol synthesis; microbial fuel cells, its operation and methods for 

producing large amount of energy; sea power generation; biomass combustion, particle 

emission and carbon black; biosensors; possibilities of biofuels replacing fossil fuels; energy 

generation from grass; soil carbon sequestration and environmental impact; alternative 

biofuel feedstock; future agricultural impact on environment and its sustainability; lignin 

biosynthesis; DNA and protein database search tools; plant physiology; crop improvement 

through metabolic engineering. USA has also done immense research on Clostridium 

acetobutylicum- bacterium for the solventogenesis of butanol and acetone. 

 Sweden- the areas of research which Sweden has engaged are microbial fuel cells; 

determination of fibre content of food; emission measuring devices, etc. 

 China- they have engaged in several studies concerning Clostridium acetobutylicum and 

microbial fuel cells. 

 Japan- they have researched on enzymes for the catalysis of biofuel synthesis; microbial fuel 

cells; biotechnological pathways for the synthesis of high-value oils. 
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 Germany- their research fields include: - microbial fuel cells and biosensors; metabolic 

engineering; study on the enzyme for the catalysis of biofuel synthesis, etc. 

 Poland- their research fields include: - microbial fuel cells; study on the enzyme for the 

catalysis of biofuel synthesis, etc. 

 Belgium- their research fields include: - lignin biosynthesis; and microbial fuel cells. 

 Australia- they have researched on enzyme that catalyzes butanol synthesis. A very 

important study was done here which was a study on the single enzyme that catalyzes the 3-

steps of kaurenoic acid production. 

 UK- they have researched on enzyme for catalysis of butanol synthesis; microbial fuel cells 

and biofuels; and plant retrotransposons, etc. 

 India- they have researched on microbial fuel cells and biosensors; botryococcus braunii as a 

renewable source of hydrocarbon and other chemicals; simultaneous bioconversion of 

cellulose and hemicellulose to ethanol; biofuel emissions and impacts; and microbial 

production of hydrogen, etc. 

 Argentina- they have researched on the enzyme for the catalysis of ethanol synthesis. 

 France- they have researched on enzyme for the catalysis of ethanol synthesis; microbial 

fuel cells, etc. 

 Italy- they have researched on microbial biofuel cells; and myoglobin pathways, etc.  

 Argentina- they have researched on enzyme for the catalysis of ethanol synthesis; and global 

biodiversity scenario in nearest future; etc. 

 Lithuania- they have researched on microbial biofuel cells. 

 

5.4 Institution Network Result Analysis 

The same parameters as in section 5.3 were used to run CiteSpace but basing the analysis on 

‘institution.’ The resulting network is shown in Appendix 3. Also for clarity on each institution’s 

contribution to research in biofuel, the result was extracted to excel and shown in the table below. 

From the table, 48 countries contributed to the research with Lund University leading the research 

with a frequency of 11. 

Table 5.2- Researches by different institutions 

S/No Frequency Institution 

1 11 Lund Univ 
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2 9 Chalmers 

3 8 Chinese Acad Sci 

4 8 USDA ARS (US dept. Of Agric) 

5 8 Kyoto Univ 

6 7 Univ Calif Berkeley 

7 7 Univ Warsaw 

8 6 Swedish Univ Agr Sci 

9 5 Nanjing Normal Univ 

10 5 Marie Curie Sklodowska Univ 

11 5 Arizona State Univ 

12 5 St Louis Univ 

13 5 Univ Newcastle Upon Tyne 

14 4 Univ Queensland 

15 4 Ohio State Univ 

16 4 Purdue Univ 

17 4 Univ Estadual Campinas 

18 4 Argonne Natl Lab 

19 4 Univ Potsdam 

20 3 Univ Ghent 

21 3 Fudan Univ 

22 3 Changchun Inst Appl Chem 

23 3 Georgia Inst Technol 

24 3 USDA 

25 3 Warsaw Univ 

26 3 Univ Illinois 

27 3 Univ New Mexico 

28 3 Michigan State Univ 

29 3 

Max Planck Inst Colloids & 

Interfaces 

30 3 Delft Univ Technol 

31 2 Int Water Management Inst 

32 2 Univ Coll Boras 

33 2 Pacific NW Natl Lab 
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34 2 CIRAD 

35 2 Micro Devices Metrohm Ltd 

36 2 Metrohm AG 

37 2 Ege Univ 

38 2 Kanazawa Univ 

39 2 Aston Univ 

40 2 Dartmouth Coll 

41 2 Univ Maryland 

42 2 Natl Renewable Energy Lab 

43 2 Univ Hawaii 

44 2 ETH 

45 2 Paul Scherrer Inst 

46 2 Natl Cheng Kung Univ 

47 2 Nova Scotia Agr Coll 

48 2 Dalhousie Univ 

 

 

CiteSpace was also run basing the analysis on Citing authors and then later on keyword. The 

resulting networks are shown in Appendix 4. These results are not analysed as all of the researches 

obtained in all the clusters have been mentioned and analysed. 
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6. CONCLUSION 

 

Biofuels, which are renewable fuels, can suffice fossil fuel. Since biofuels produce negligible net 

release of greenhouse gases and other atmospheric distortion substances, unlike fossil fuels, its 

commercialization is of immense important to man and his milieu. The major feedstocks for biofuel 

production are corn and rapeseed oil. This presents a hindrance to commercialization of biofuel 

owing to the inherent global food crisis- hence, the need for non-food biofuel feedstock. 

 

Several researches have been done on the commercialization of biofuel production from non-food 

feedstock such as biomass; improvement of biofuel quality; bioenergy generation; environmental 

and health impacts of biofuels; and biotechnology. With the aid of CiteSpace, the different 

researches by different scholars, countries and institutions in the area of biofuel as well the relations 

between these researches are shown. From the results obtained, USA is the leading country in this 

study while Lund University is the leading institution. Despite the fact that the contribution of USA 

to biofuel research cannot be overemphasised, some of the most salient and most important studies 

are done in India. These are studies that research on the production of hydrogen and other chemicals 

from botryococcus braunii; and simultaneous bioconversion of cellulose and hemicellulose to 

ethanol. Albeit, some other important studies like crop improvement by metabolic engineering, are 

carried out in United States of America. 

 

From the relationships between research fields in biofuels, it can be seen that different scholars 

from different countries combine knowledge and technology to boost the commercialization of 

biofuels without contributing to global food crisis and environmental pollution and destabilization. 
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7. RECOMMENDATION 

 

An insight into the researches analysed in this work reveals that some areas need more attention for 

continuous boosting of biofuel production and commercialization. These are:-  

 

 Tools for DNA and protein database search. There are only two studies in this field which 

are all done in USA by the same set of authors. Other countries and scholars should pay 

more attention to this study. 

 According to the second study in Appendix 1B, Clostridium, acetobutylicum is used for the 

solventogenesis of butanol. Addition of methyl viologen also results in the synthesis of 

butanol and it is mediated by unknown set of enzymes. More studies should be done on 

these mediating enzymes as a proper knowledge of these enzymes will pave way for better 

understanding of pathways for butanol solventogenesis. 

 The eighth study in Appendix 1B suggests that black carbon is the second most important 

component of global warming after CO2. More studies should be done on ways to mitigate 

the rate of release of black carbon and CO2 to the environment especially during biofuel 

production. 

 

In this study, there are a lot of articles to be analyzed within a limited time. For future continuation 

of this study, more time should be allocated to it. Also, the full-text version of most of the articles 

cannot be accessed. This poses hindrance to adequate availability of information. Hence for 

continuation of this work, there should be adequate availability of information on all the articles 

obtained from the web of science. 
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APPENDICES 

APPENDIX 1A 

                                    Reference Network 
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APPENDIX 1 B 

Details of Cluster 3 in Reference Network Result Analysis 

S/ 

No 

Title Description Bibliography  

And Place 

Authors 

 

1 

 

Life-Cycle 

assessment of net 

greenhouse gas flux 

for bioenergy 

cropping system. 

 

Compared to life cycle of 

ethanol gasoline and diesel, 

ethanol and biodiesel from 

corn rotations reduce 

greenhouse gas emissions by 

approximately 40%; reed 

canary grass by 

approximately 85%; and 

switchgrass and hybrid polar 

by approximately 115%.  

 

ECOLOGICAL 

APPLICATIONS, 

Volume: 17   

Issue: 3,    

Pages: 675-691 

Published: APR 

2007,  

USA. 

 

 

Adler PR, 

Del Grosso 

SJ, Parton 

WJ 

 

2 

 

Solventogenic 

enzymes of 

Clostridium 

acetobutylicum: 

catalytic properties, 

genetic 

organization, and 

transcriptional 

regulation. 

 

 

Enzymes that trigger 

synthesis of butanol from 

Clostridium acetobutylicum 

were studied. Also their 

catalytic properties were 

studies. It was found that 

AdhE(butylraldehyde 

dehydrogenase) and other two 

butanol dehydrogenase 

isozymes (BdhI and BdhII) 

and a thiolase are involved in 

butanol synthesis. AdhE 

initializes the solventogenesis 

and BdhII ensures continuous 

butanol synthesis. 

 

FEMS 

MICROBIOLOGY 

REVIEWS   

Volume: 17   

Issue: 3    

Pages: 251-262 

Published: OCT 

1995,  

Germany. 

 

Durre P, 

Fischer RJ, 

Kuhn A, 

Lorenz K, 

Schreiber 

W, 

Sturzenhofe

cker B, 

Ullmann 

S, Winzer 

K, Sauer U. 
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3 

 

Molecular 

characterization of 

an 

aldehyde/alcohol 

dehydrogenase 

gene from 

Clostridium 

acetobutylicum 

ATCC 824. 

 

 

Aad was characterized as a 

bearer of two transcriptional 

start. One section shows 

homology to aldehyde 

dehydrogenases of bacterial, 

fungal, mammalian, and plant 

origin while the other shows 

homology to alcohol 

dehydogenases of bacterial 

and yeast origin. 

 

JOURNAL OF 

BACTERIOLOGY  

Volume: 176  

Issue: 3    

Pages: 871-885 

Published: FEB 

1994,  

USA. 

 

Nair RV, 

Bennett 

GN, 

Papoutsakis 

ET. 

 

 

4 

 

Spo0A directly 

controls the switch 

from acid to 

solvent production 

in solvent-forming 

clostridia. 

 

 

The genes-adc and ptb- of 

Clostridium acetobutylicum 

and C.beijerinckii are 

controlled by Spo0A. The 

binding affinity was reduced 

when the 0A boxes were 

destroyed and enhanced when 

they were modified. 

 

MOLECULAR 

MICROBIOLOGY  

Volume: 37  

Issue: 5    

Pages: 1172-1185 

Published: SEP 

2000,  

UK 

 

Ravagnani 

A, Jennert 

KC, Steiner 

E, Grunberg 

R, Jefferies 

JR, 

Wilkinson 

SR, 

Young DI, 

Tidswell 

EC, Brown 

DP, 

Youngman 

P, Morris 

JG, Young 

M. 

 

5 

 

The genes for 

butanol and acetone 

formation in 

Clostridium 

 

Degeneration of Clostridium 

(loss of capacity to produce 

acetone and butanol) can be 

caused by loss of pSOL1 gene 

 

JOURNAL OF 

BACTERIOLOGY  

Volume: 179  

Issue: 17   

 

Cornillot E, 

Nair RV, 

Papoutsakis 

ET, 
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acetobutylicum 

ATCC 824 reside 

on a large plasmid 

whose loss leads to 

degeneration of the 

strain. 

and can be controlled by 

expressing some other genes 

on the plasmid. 

Pages: 5442-5447    

Published: SEP 

1997, 

France 

Soucaille P. 

 

 

6 

 

Soot Carbon and 

Excess Fine 

Potassium: Long-

Range Transport of 

Combustion-

Derived Aerosols. 

 

 

Burning of biomass in 

tropical regions is a source of 

soot carbon to the world 

atmosphere. Relative 

contribution of carbon soot by 

biomass and fossil fuel 

burning was also studied. 

 

SCIENCE  

Volume: 220  

Issue: 4602  

Pages: 1148-1151 

Published: 1983, 

USA 

 

Andreae 

MO. 

 

 

7 

 

Chemical 

characterization of 

fine particle 

emissions from 

fireplace 

combustion of 

woods grown in the 

northeastern United 

States. 

 

Determination of the 

chemical composition of fine 

particle emissions on 

combustion of six different 

specis of wood 

 

ENVIRONMENT

AL SCIENCE & 

TECHNOLOGY 

Volume: 35  

Issue: 13    

Pages: 2665-2675 

Published: JUL 1 

2001,  

USA 

 

Fine PM, 

Cass GR, 

Simoneit 

BR. 

 

 

8 

 

Strong radiative 

heating due to the 

mixing state of 

black carbon in 

atmospheric 

aerosols. 

 

 

Effect of aerosol on the 

atmosphere and climate. 

Carbon black released from 

burning of fossil fuel and 

biomass is found to be the 

second most important 

component of global warming 

after CO2. 

 

NATURE  

Volume: 409  

Issue: 6821  

Pages: 695-697  

Published: FEB 8 

2001,  

USA 

 

Jacobson 

MZ. 
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9 

 

Climate effects of 

black carbon 

aerosols in China 

and India. 

 

 

Aerosols that absorb carbon 

soot heat air and change 

atmospheric stability and 

vertical motions thus 

affecting large scale 

circulation and hydrological 

cycle which causes significant 

climate effects. This is the 

reason for the moderate 

cooling in China and India 

whereas most of the world is 

warming. 

 

SCIENCE  

Volume: 297  

Issue: 5590  

Pages: 2250-2253 

Published: SEP 27 

2002,  

USA 

 

Menon S, 

Hansen J, 

Nazarenko 

L, Luo Y. 
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APPENDIX 1 C 

          Details of Linkage between Clusters 1, 2 and 3 in Reference Network Result Analysis 

S/ 

No 

Title Description Bibliography  Authors 

 

1 

 

Control of butanol 

formation in 

Clostridium 

acetobutylicum by 

transcriptional 

activation. 

 

 

The essential transcription 

unit for formulation of 

butanol and acetone solvent is 

sol operon of Clostridium 

acetobutylicum. Factors 

affecting transcriptional 

regulation of this operon were 

studied. After reporter 

analysis with lacZ gene of 

Thermo-anaerobacterium 

thermosulfurigenes, it was 

found that putative Spo0A-

binding motif, R3, and R1 are 

essential for control of this 

operon. 

 

JOURNAL OF 

BACTERIOLOGY 

Volume: 184 

Issue: 7    

Pages: 1966-1973 

Published: APR 

2002, USA. 

 

Thormann 

K, Feustel 

L, Lorenz 

K, Nakotte 

S, Durre P. 

 

 

2 

 

Molecular 

characterization 

and transcriptional 

analysis of adhE2, 

the gene encoding 

the NADH-

dependent 

aldehyde/alcohol 

dehydrogenase 

responsible for 

butanol production 

 

AdhE2 gene of Clostridium 

acetobutylicum ATCC 824 

coding for an 

aldehyde/alcohol 

dehydrogenase (AADH) was 

characterized from molecular 

and biochemical point of 

view. AdhE2 is expressed as 

a monocistronic operon, in 

alcohogenic cultures and not 

in solventogenic cultures. 

 

JOURNAL OF 

BACTERIOLOGY 

Volume: 184  

Issue: 3   Pages: 

821-830  

Published: FEB 

2002, France 

 

Fontaine L, 

Meynial-

Salles I, 

Girbal L, 

Yang X, 

Croux C, 

Soucaille P. 
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in alcohologenic 

cultures of 

Clostridium 

acetobutylicum 

ATCC 824. 

AdhE2 was identified as the 

second AADH in C. 

acetobutylicum ATCC 824 

and also as the first type of 

bacterium with two AADHs. 

 

3 

 

Molecular cloning 

of an alcohol 

(butanol) 

dehydrogenase 

gene cluster from 

Clostridium 

acetobutylicum 

ATCC 824. 

 

 

A C. acetobutylicum gene 

which is responsible for 

encoding butanol 

dehydrogenase (BDH), a 

protein that converts 

butyraldehyde to butanol, was 

identified on the basis of the 

N-terminal amino acid 

sequence of purified C. 

acetobutylicum NADH-

dependent BDH. Transformed 

Escherichia coli that houses 

the clostridial gene showed a 

15 times higher NADH 

dependent BDH activity than 

untransformed one. From 

kinetics, it was found that 

cloned clostridial DNA 

contains two or more distinct 

C. Acetobutylicum enzymes 

with BDH activity. 

 

JOURNAL OF 

BACTERIOLOGY 

 Volume: 173  

Issue: 5    

Pages: 1831-1834 

Published: MAR 

1991, USA. 

 

Petersen DJ, 

Welch RW, 

Rudolph 

FB, Bennett 

GN. 

 



65 

 

 

4 

 

Molecular biology 

of microbial 

hydrogenases. 

 

 

Properties, mode of operation, 

structure, use in biological 

hydrogen production, and 

diversity of hydrogenase were 

studied. They are found to 

have iron-sulfur clusters and 

two metal atoms at their 

active center- either a Ni and 

Fe atom, the [NiFe]- H2ases, 

or two Fe atoms, the [FeFe]-

H2ases. They catalyze 

reversible oxidation of 

hydrogen gas and are 

essential in microbial energy 

metabolism. 

 

CURRENT 

ISSUES IN 

MOLECULAR 

BIOLOGY 

Volume: 6  

Pages: 159-188 

Published: 2004, 

France 

 

Vignais 

PM, 

Colbeau A. 

 

 

5 

 

Genome sequence 

and comparative 

analysis of the 

solvent-producing 

bacterium- 

Clostridium 

acetobutylicum. 

 

 

Genome sequencing of the 

solvent-producing bacterium- 

Clostridium acetobutylicum 

ATCC 824 was analysed 

using a shotgun approach. 

This genome was found to 

consist of a chromosome and 

megaplasmid that carries 

most of the genes used in 

solvent production. 

Comparison of C. 

Clostridium with other 

bacteria like B. Subtilis shows 

differing sporculation 

process. 

 

JOURNAL OF 

BACTERIOLOGY  

Volume: 183  

Issue: 16    

Pages: 4823-4838 

Published: AUG 

2001, USA. 

 

Nolling J, 

Breton G, 

Omelchenk

o MV, 

Makarova 

KS, Zeng 

Q, Gibson 

R, Lee HM, 

Dubois J, 

Qiu D, Hitti 

J, Wolf YI, 

Tatusov RL, 

Sabathe F, 

Doucette-

Stamm L, 

Soucaille P, 
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Daly MJ, 

Bennett 

GN, Koonin 

EV, Smith 

DR. 

 

6 

 

X-ray crystal 

structure of the Fe-

only hydrogenase 

(CpI) from 

Clostridium 

pasteurianum to 1.8 

angstrom 

resolution. 

 

The structure of monomeric 

iron-containing hydrogenease 

(CPI) from Clostridium 

pasteurianum was studied. 

The study gives a knowledge 

of the mechanism of 

biological activation. 

 

BIOCHEMISTRY  

Volume: 39   

Issue: 25    

Pages: 7455-7460 

Published: JUNE 

27 2000, USA. 

 

Peters JW, 

Lanzilotta 

WN, Lemon 

BJ, Seefeldt 

LC. 

 

 

7 

 

Cloning, 

sequencing, and 

molecular analysis 

of the sol operon of 

Clostridium 

acetobutylicum, a 

chromosomal locus 

involved in 

solventogenesis. 

 

 

A DNA region of Clostridium 

acetobutylicum contiguous 

with adc operon was cloned 

and sequenced. From mRNA 

analysis, 3 genes, 2 putative 

promoters, and a small open 

reading frame (ORF) were 

identified. This study shows 

that one of the ORF from a 

monocistronic operon which 

shows increased expression 

before the onset of 

solventogenesis. 

 

JOURNAL OF 

BACTERIOLOGY 

Volume: 175 

Issue: 21    

Pages: 6959-6969 

Published: NOV, 

Germany 

 

Fischer RJ, 

Helms J, 

Durre P. 
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APPENDIX 1 D 

Details of Cluster 4 in Reference Network Result Analysis 

S/ 

No 

Title Description Bibliography  

And Place 

Authors 

 

1 

 

An oxygen cathode 

operating in a 

physiological 

solution. 

 

  

The dependency of 

operational life style of 

oxygen electrodes in 

immobilized polymers 

cross-linked on carbon cloth 

on their angular velocity 

 

JOURNAL OF THE 

AMERICAN 

CHEMICAL 

SOCIETY  

Volume: 124 

 Issue: 22    

Pages: 6480-6486 

Published: JUN 5 

2002, 

USA 

 

Mano N, 

Kim HH, 

Zhang Y, 

Heller A. 

 

 

2 

 

Harnessing 

microbially 

generated power on 

the seafloor. 

 

 

Electrical power generation 

in marine environments 

using energy reservoir 

created by voltage gradient 

in marine sediments 

 

NATURE 

BIOTECHNOLOGY   

Volume: 20    

Issue: 8    

Pages: 821-825 

Published: AUG 

2002,  

USA 

 

Tender LM, 

Reimers 

CE, Stecher 

HA 3rd, 

Holmes DE, 

Bond DR, 

Lowy DA, 

Pilobello K, 

Fertig SJ, 

Lovley DR. 
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3 

 

Site-directed 

mutagenesis of a 

possible type 1 

copper ligand of 

bilirubin oxidase; a 

Met467Gln mutant 

shows stellacyanin-

like properties. 

 

 

Met 467 (an enzyme), a 

residue if mutant of 

recombinant Myrothecium 

verrucarua bilirubin oxidase, 

is used to characterize the 

features of type 1 copper of 

bilirubin oxidase 

 

 

JOURNAL OF 

BIOCHEMISTRY 

Volume: 125    

Issue: 4    

Pages: 662-668 

Published: APR 1999 

Japan 

 

Shimizu A, 

Sasaki T, 

Kwon JH, 

Odaka A, 

Satoh T, 

Sakurai N, 

Sakurai T, 

Yamaguchi, 

SamejimaT. 

 

4 

 

Fructose/dioxygen 

biofuel cell based 

on direct electron 

transfer-type 

bioelectrocatalysis. 

 

 

A biofuel cell was 

constructed which was on 

bioelectrocatalysis in the 

two-electron oxidation of d-

fructose and four-electron 

reduction reduction of 

dioxygen as fuels 

 

 

PHYSICAL 

CHEMISTRY 

CHEMICAL 

PHYSICS    

Volume: 9    

Issue: 15    

Pages: 1793-1801 

Published: 2007, 

Japan 

 

Kamitaka 

Y, 

Tsujimura 

S, Setoyama 

N, Kajino 

T, Kano K. 

 

 

 

 

5 

 

Electroreduction of 

O(2) to water at 0.6 

V (SHE) at pH 7 on 

the "wired" 

Pleurotus ostreatus 

laccase cathode. 

 

 

pH range for the 

electroreduction of O2 to 

water at 0,6V in 

physiological citrate buffer 

solution was extended by 

substituting the ‘wired’ 

Coriolus hirsutus lacase 

electrode by laccase from P. 

Ostreatus. 

 

BIOSENSORS & 

BIOELECTRONICS 

Volume: 17   

Issue: 11-12    

Special Issue: Sp. Iss. 

SI    

Pages: 1071-1074 

Published: DEC 2002, 

USA 

 

Barton SC, 

Pickard M, 

Vazquez-

Duhalt R, 

Heller A. 

 

 

 

6 

 

The mechanism of 

cathode reduction 

 

With the study of influence 

of temperature, oxygen 

 

FEBS LETTERS 

Volume: 215    

 

Kuznetsov 

AM, 
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of oxygen in a 

carbon carrier-

laccase system. 

 

pressure and inhibitors of 

laccase on the dioxygen 

electroreduction reaction, a 

slow-step reaction 

mechanism was identified. 

Issue: 2    

Pages: 219-222 

Published: MAY 11 

1987,  

USSR 

Bogdanovsk

aya VA, 

Tarasevich 

MR, 

Gavrilova 

EF. 

 

7 

 

An electrochemical 

approach to the 

studies of 

biological redox 

reactions and their 

applications to 

biosensors, 

bioreactors, and 

biofuel cells. 

 

 

Characterization of 

microbial catalytic 

activities; potential 

measurement; and kinetic 

analysis of oxidoreductase 

reactions 

(bioelectrocatalysis) and its 

application in biosensors, 

bioreactors, and biofuel 

cells. 

 

JOURNAL OF 

BIOSCIENCE AND 

BIOENGINEERING 

Volume: 92    

Issue: 1    

Pages: 9-18 

Published: JUL 2001 

Japan 

 

Ikeda T, 

Kano K. 

 

 

8 

 

Nature of the 

intermediate 

formed in the 

reduction of O(2) 

to H(2)O at the 

trinuclear copper 

cluster active site in 

native laccase. 

 

 

Copper atoms in 

multicopper oxidases are 

oxidized in the intermediate 

- native intermediate – 

formed by the reaction of 

fully reduced Rhus 

vernicifera laccase when the 

fully reduced form reacts 

with dioxygen. This native 

intermediate is the 

catalytically relevant fully 

oxidized form of the 

enzyme. 

 

JOURNAL OF THE 

AMERICAN 

CHEMICAL 

SOCIETY    

Volume: 124    

Issue: 21    

Pages: 6180-6193 

Published: MAY 29 

2002 

USA 

 

Lee SK, 

George SD, 

Antholine 

WE, 

Hedman B, 

Hodgson 

KO, 

Solomon 

EI. 

 

 

9 

 

Laccase: new 

 

Occurrence of laccase and 

 

PHYTOCHEMISTRY 

 

Mayer AM, 
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functions for an old 

enzyme. 

 

its functions in 

physiological development 

and industrial utility. Very 

importantly, they are used to 

delignify wood tissues, 

produce ethanol, and also 

used in bioremediation 

process for the protection of 

the environment from 

damage caused by industrial 

effluents.   

Volume: 60    

Issue: 6    

Pages: 551-565 

Published: JUL 2002 

Isreal 

Staples RC. 

 

 

10 

 

Metal nanoparticle-

based 

electrochemical 

stripping 

potentiometric 

detection of 

DNA hybridization.

 

 

With electrochemical 

stripping 

metallogenomagnetic 

protocol, DNA 

hybridization is detected. It 

is an essential method for 

decentralized genetic 

testing. 

 

ANALYTICAL 

CHEMISTRY 

Volume: 73    

Issue: 22    

Pages: 5576-5581 

Published: NOV 15 

2001 

USA 

 

Wang J,  

Xu D, 

Kawde AN, 

Polsky R. 

 

 

11 

 

Colloidal gold as a 

biocompatible 

immobilization 

matrix suitable for 

the fabrication of 

enzyme electrodes 

by 

electrodeposition. 

 

 

Gold sols with adsorbed 

glucose oxidase, horseradish 

peroxide, and xanthine 

oxidase electrodeposited on 

platinium gauze and/or 

glassy carbon is the best 

enzyme electrode compared 

to other materials. Hence, 

colloidal gold is 

biocompatible enzyme 

immobilization matrix 

suitable for the fabrication 

 

BIOTECHNOLOGY 

AND 

BIOENGINEERING 

Volume: 40    

Issue: 4    

Pages: 483-490 

Published: AUG 5 

1992 

USA 

 

Crumbliss 

AL, Perine 

SC, 

Stonehuerne

r J, 

Tubergen 

KR, Zhao J, 

Henkens 

RW, O'Daly 

JP. 
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of enzyme electrode. 

 

12 

 

Array-based 

electrical detection 

of DNA with 

nanoparticle 

probes. 

 

 

Binding of oligonucleotides 

functionalized with gold 

nanoparticles results in 

conductivity changes 

associated with target-probe 

binding events. With the aid 

of silver deposition, this 

conductivity changes is 

measurable hence providing 

a means of detecting DNA. 

 

SCIENCE    

Volume: 295    

Issue: 5559    

Pages: 1503-1506 

Published: FEB 22 

2002 

USA 

 

Park SJ, 

Taton TA, 

Mirkin CA. 

 

 

13 

 

Novel BOD 

(biological oxygen 

demand) sensor 

using mediator-less 

microbial fuel cell. 

 

 

Use of microbial fuel cell 

type of biosensor in 

determining BOD of 

wastewater. This had a 

better longitivity than any 

known BOD biosensor. 

 

BIOTECHNOLOGY 

LETTERS    

Volume: 25    

Issue: 7    

Pages: 541-545 

Published: APR 2003 

Korea 

 

Kim BH, 

Chang IS, 

Gil GC, 

Park HS, 

Kim HJ. 

 

 

14 

 

A concept for 

immobilizing 

catalytic complexes 

on electrodes: cubic 

phase layers for 

carbon dioxide 

sensing. 

 

 

A novel method for 

monitoring carbon dioxide 

levels using modified 

electrodes. 

 

ANALYTICAL 

CHEMISTRY 

Volume: 74    

Issue: 7    

Pages: 1554-1559 

Published: APR 1 

2002 

Poland 

 

Rowinski P, 

Bilewicz R, 

Stebe MJ, 

Rogalska E. 

 

 

15 

 

Peculiarities of 

direct 

bioelectrocatalysis 

 

Proposition of the 

mechanism of laccase 

inactivation by organic 

 

BIOSENSORS & 

BIOELECTRONICS 

Volume: 17    

 

Bogdanovsk

aya VA, 

Tarasevich 
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by laccase in 

aqueous 

nonaqueous 

mixtures. 

 

solvents. High organic 

solvents decrease the 

laccase enzymatic activity in 

bioelectrocatylitic reaction 

of oxygen reduction under 

direct electron transfer. 

Issue: 11-12    

Special Issue: Sp. Iss. 

SI    

Pages: 945-951 

Published: DEC 2002 

Russia 

MR, 

Kuznetsova 

LN, Reznik 

MF, 

Kasatkin 

EV. 

 

16 

 

Affinity 

chromatography as 

a rapid and 

convenient method 

for purification of 

fungal laccases. 

 

 

Application of affinity 

chromatography in the 

purification of fungal 

laccase. 

 

BIOTECHNOLOGY 

AND 

BIOENGINEERING 

Volume: 37    

Issue: 8    

Pages: 770-777 

Published: APR 5 

1991 

Poland 

 

Rogalski J, 

Wojtas-

Wasilewska 

M, 

Apalovic R, 

Leonowicz 

A. 

 

 

17 

 

Biomaterials 

integrated with 

electronic 

elements: en route 

to bioelectronics. 

 

 

Studies on the progress on 

the development of 

bioelectronic sensing 

devices by the integration of 

biomaterials such as enzyme 

with electronic transducers 

such as electrodes. 

 

TRENDS IN 

BIOTECHNOLOGY 

Volume: 19    

Issue: 6    

Pages: 222-230 

Published: JUN 2001 

Isreal 

 

Willner I, 

Willner B. 

 

 

18 

 

"Plugging into 

Enzymes": 

nanowiring of 

redox enzymes by a 

gold nanoparticle. 

 

 

Reconstituting a 

bioelectrocatalyst on a 

functionalized gold 

nanocrystal integrated into a 

conductive film, increases 

its electron transfer rate. The 

gold nanoparticles act as an 

electron relay or “electrical 

 

SCIENCE    

Volume: 299    

Issue: 5614    

Pages: 1877-1881 

Published: MAR 21 

2003 

Isreal 

 

Xiao Y, 

Patolsky F, 

Katz E, 

Hainfeld JF, 

Willner I. 
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plug” for the alignment of 

the enzyme on the 

conductive support and for 

the electrical wiring of its 

redox-active centre. 

 

19 

 

Immobilization 

method for the 

preparation of 

biosensors based on 

pH shift-induced 

deposition of 

biomolecule-

containing polymer 

films. 

 

How the method for the 

nonmanual immobilization 

of biological recognition 

elements on the transducer 

surface affect 

miniaturization of 

amperometric biosensors. 

 

ANALYTICAL 

CHEMISTRY 

Volume: 74    

Issue: 2    

Pages: 355-361 

Published: JAN 15 

2002 

Germany 

 

Kurzawa C, 

Hengstenbe

rg A, 

Schuhmann 

W. 

 

 

20 

 

Direct and indirect 

electron transfer 

between electrodes 

and redox proteins. 

 

 

Ferrocene, an 

organometallic compound, 

and its derivatives are very 

efficient mediators to speed 

up the rate of electron 

exchange with electrode in 

direct electrochemistry of 

redox proteins at an 

electrode. 

 

EUROPEAN 

JOURNAL OF 

BIOCHEMISTRY 

Volume: 172    

Issue: 2    

Pages: 261-269 

Published: MAR 1 

1988 

UK 

 

Frew JE, 

Hill HA. 
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APPENDIX 1 E 

Details of Cluster 5 in Reference Network Result Analysis 

S/ 

No 

Title Description Bibliography  

And Place 

Authors 

 

1 

 

A study of the 

kinetics and 

mechanism of yeast 

alcohol 

dehydrogenase 

with a variety of 

substrates. 

 

  

Reduction of acetaldehyde 

and butyraldehyde by 

NADH catalysed by yeast 

alcohol dehydrogenase is a 

compulsory-order 

mechanism and the rate-

limiting step is the 

dissociation of the product 

enzyme- NADH complex. 

Contrary, oxidation of 

ethanol –NADH is not a 

compulsory order and the 

rate limiting step is the 

dissociation of the product 

enzyme- NADH. 

 

CHEMICO-

BIOLOGICAL 

INTERACTIONS 

Volume: 143 Pages: 

169-174 Published: 

FEB 1 2003 

UK 

 

Dickinson 

FM, 

Monger GP.

 

2 

 

Direct 

electrochemistry of 

cytochrome c at a 

glassy carbon 

electrode modified 

with single-wall 

carbon nanotubes. 

 

 

Electrode reaction of 

cytochrome c is a diffusion 

controlled process and the 

peak current increases 

linearly with the 

concentration of 

cytochrome. The study 

also characterized the 

interaction of cytochrome 

c with adenine using 

electrochemical and 

 

ANALYTICAL 

CHEMISTRY 

Volume: 74    

Issue: 9    

Pages: 1993-1997 

Published: MAY 1 

2002 

China 

 

Wang J,  

Li M,  

Shi Z,  

Li N,  

Gu Z. 
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spectral methods. 

 

3 

 

Investigation of the 

electrochemical 

and electrocatalytic 

behaviour of 

single-wall carbon 

nanotube film on a 

glassy carbon 

electrode. 

 

Functionalizing the film of 

a single-wall carbon 

nanotube with carboxylic 

acid groups favours the 

electrocatalytic oxidation 

of biomolecules such as 

dopamine, epinephrine, 

and ascorbic acid. 

 

ANALYTICAL 

CHEMISTRY 

Volume: 73    

Issue: 5    

Pages: 915-920 

Published: MAR 1 

2001 

China 

 

Luo H,  

Shi Z,  

Li N,  

Gu Z, 

Zhuang Q. 

 

 

4 

 

Utilization of 

electrically reduced 

neutral red by 

Actinobacillus 

succinogenes: 

physiological 

function of neutral 

red in membrane-

driven fumarate 

reduction and 

energy 

conservation. 

 

In membrane cells, neutral 

red (NR) can substitute for 

menaquinone in the 

fumarate reductase 

complex and enable A. 

succinogenes to utilize 

electricity as a significant 

source of metabolic 

reducing power. 

 

JOURNAL OF 

BACTERIOLOGY 

Volume: 181  

Issue: 8    

Pages: 2403-2410 

Published: APR 1999 

USA 

 

Park DH, 

Zeikus JG. 

 

 

 

5 

 

Extracellular 

electron transfer. 

 

 

Microorganisms generate 

energy for cell growth and 

maintenance through 

extracellular electron 

transfer using redox-active 

organic molecules that are 

produced outside or inside 

the cells. 

 

CELLULAR AND 

MOLECULAR LIFE 

SCIENCES  

Volume: 58    

Issue: 11    

Pages: 1562-1571 

Published: OCT 2001 

USA 

 

Hernandez 

ME, 

Newman 

DK. 
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6 A new potent 

inhibitor of horse 

liver alcohol 

dehydrogenase: p-

methylbenzyl 

hydroperoxide. 

 

Low concentration of 

hydroperoxide reduces the 

ethanol dehydrogenating 

activity of horse liver 

alcohol dehydrogenase 

which was inhibited by p-

methyl hydroperoxide- a 

product of p-xylene auto-

oxidation. 

BIOCHEMISTRY 

INTERNATIONAL 

Volume: 26    

Issue: 5    

Pages: 899-904 

Published: APR 1992 

Czechoslovakia 

Skursky L, 

Khan AN, 

Saleem 

MN,  

al-Tamer 

YY. 

 

 

7 

 

Carbon nanotubes--

the route toward 

applications. 

 

 

Development of the 

applications of carbon 

nanotubes. They include:- 

application in conductive 

and high-strength 

composites; application in 

energy storage and energy 

conversion devices; 

application in field 

emission displays and 

radiation sources; 

application in hydrogen 

storage media etc. 

 

SCIENCE    

Volume: 297    

Issue: 5582    

Pages: 787-792 

Published: AUG 2 

2002 

USA 

 

 

Baughman 

RH, 

Zakhidov 

AA,  

de Heer 

WA. 

 

 

8 

 

Progress in 

monitoring, 

modelling and 

control of 

bioprocesses during 

the last 20 years. 

 

 

State of the art of 

metabolic flux analysis 

and metabolic engineering 

and developments in 

bioprocess engineering. 

 

JOURNAL OF 

BIOTECHNOLOGY 

Volume: 85    

Issue: 2    

Pages: 149-173 

Published: FEB 13 

2001 

Germany 

 

Schugerl K. 
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9 Application of 

conducting 

polymers to 

biosensors. 

 

Electrically conducting 

polymers are used for 

immobilization of 

biomolecules and rapid 

electron transfer for the 

fabrication of biosensors. 

Features and applications 

of conducting polymers in 

health care, food 

industries, environmental 

monitoring, etc. 

BIOSENSORS & 

BIOELECTRONICS 

Volume: 17   

Issue: 5    

Pages: 345-359    

Published: MAY 2002 

India 

Gerard M, 

Chaubey A, 

Malhotra 

BD. 
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APPENDIX 1 F 

Details of Linkage Between Clusters 4 and 5 in Reference Network Result Analysis 

S/ 

No 

Title Description Bibliography  

And Place 

Authors 

 

1 

 

Integration of 

polyaniline/poly 

(acrylic acid) films 

and redox enzymes 

on electrode 

supports: an in situ 

electrochemical/sur

face plasmon 

resonance study of 

the 

bioelectrocatalyzed 

oxidation of 

glucose or lactate 

in the integrated 

bioelectrocatalytic 

systems. 

  

In bioelectrocatalytic 

system which involves the 

oxidation of glucose or 

lactase, there is increase in 

amperometric current 

response at higher glucose 

concentration. 

 

JOURNAL OF THE 

AMERICAN 

CHEMICAL 

SOCIETY    

Volume: 124    

Issue: 22    

Pages: 6487-6496 

Published: JUN 5 

2002 

Israel 

 

Raitman OA, 

Katz E, 

Buckmann AF, 

Willner I. 

 

 

2 

 

Oxygen is 

electroreduced to 

water on a "wired" 

enzyme electrode at 

a lesser 

overpotential than 

on platinum. 

 

An enzyme-based catalyst 

(“wired” bilirubin oxidase) 

is superior to platinium 

catalyst in the four-

electron electroreduction 

of oxygen to water. 

 

JOURNAL OF THE 

AMERICAN 

CHEMICAL 

SOCIETY   

Volume: 125   

Issue: 50    

Pages: 15290-15291 

Published: DEC 17 

2003 

USA 

 

Mano N, 

Fernandez JL, 

Kim Y,  

Shin W,  

Bard AJ, 

Heller A. 
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3 

 

Effects of redox 

potential and 

hydroxide 

inhibition on the 

pH activity profile 

of fungal laccases. 

 

 

Two opposing effects are 

responsible for pH activity 

profile of fungal laccase. 

There are effects generated 

by the redox potential 

difference between a 

reducing substrate and the 

type 1 copper of laccase 

and another generated by 

the binding of a hydroxide 

anion to the type 2/type 3 

coppers of laccase. 

 

JOURNAL OF 

BIOLOGICAL 

CHEMISTRY 

Volume: 272    

Issue: 2    

Pages: 924-928 

Published: JAN 10 

1997 

USA 

 

Xu F. 

 

4 

 

Mediator-modified 

electrodes for 

catalytic NADH 

oxidation: high rate 

constants at 

interesting 

overpotentials. 

 

 

Modification of carbon 

electrodes with 2,4,7-

trinitro-9-fluorine 

adsorbed on zirconium 

phosphate, makes it a very 

efficient mediator for 

electrocatalytic NADH 

oxidation after the 

electrochemical reduction 

of the 2,4,7-trinitro-9-

fluorine. 

 

BIOELECTRO 

CHEMISTRY 

Volume: 56    

Issue: 1-2    

Pages: 67-72 

Published: MAY 15 

2002 

Sweden 

 

Munteanu FD, 

Mano N,  

Kuhn A, 

Gorton L. 

 

 

 

5 

 

Covalent 

attachment of 

osmium complexes 

to glucose oxidase 

and the application 

of the resulting 

modified enzyme in 

 

Pyridine-based osmium 

complex attached 

covalently to glucose 

oxidase serve as a good 

mediator for re-oxidation 

of the enzyme. 

 

ANALYTICAL 

CHEMISTRY 

Volume: 72   

Issue: 3    

Pages: 502-509 

Published: FEB 1 

2000 

 

Battaglini F, 

Bartlett PN, 

Wang JH. 
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an enzyme switch 

responsive to 

glucose. 

Argentina 

 

6 

 

Biomolecule 

immobilization on 

electrode surfaces 

by entrapment or 

attachment to 

electrochemically 

polymerized films- 

A review. 

 

 

Electrochemical 

procedures of biomolecule 

immobilization based on 

electropolymerized films. 

Uses of functionalized 

polymers bearing 

functional groups for the 

covalent binding of 

biomolecules. 

 

BIOSENSORS & 

BIOELECTRONICS 

Volume: 14    

Issue: 5    

Pages: 443-456 

Published: MAY 31 

1999 

France 

 

Cosnier S. 

 

 

7 

 

Development of a 

novel glucose 

enzyme fuel cell 

system employing 

protein engineered 

PQQ glucose 

dehydrogenase. 

 

 

Use of Ser415Cys mutant 

to extend the lifetime of 

biofuel cell system. 

 

BIOSENSORS & 

BIOELECTRONICS 

Volume: 20    

Issue: 10    

Pages: 2145-2150 

Published: APR 15 

2005 

Japan 

 

Yuhashi N, 

Tomiyama M, 

Okuda J, 

Igarashi S, 

Ikebukuro K, 

Sode K. 

 

 

 

8 

 

 

 

Direct proteins 

electrochemistry 

based on ionic 

liquid mediated 

carbon nanotube 

modified glassy 

carbon electrode. 

 

 

Method of constructing 

biosensors using carbon 

nanotubes and ionic 

liquids. 

 

FRONTIERS IN 

BIOSCIENCE 

Volume: 10    

Pages: 326-334 

Published: JAN 1 

2005 

China 

 

Zhao Q,  

Zhan D,  

Ma H,  

Zhang M, 

Zhao Y,  

Jing P,  

Zhu Z,  

Wan X,  

Shao Y, 

Zhuang Q. 
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APPENDIX 1 G 

Details of Cluster 6 in Reference Network Result Analysis 

S/ 

No 

Title Description Bibliography  

And Place 

Authors 

 

1 

 

Evaluation of 

cellulase recycling 

strategies for the 

hydrolysis of 

lignocellulosic 

substrates. 

 

  

There is increased 

cellulose recovery when 

cellulose is recovered from 

both residual substrate and 

supernatant. This is 

important in 

lignocellulosic 

bioconversion process 

since recycling of cellulose 

lowers the overall cost of 

lignocellulosic 

bioconversion process. 

 

BIOTECHNOLOGY 

AND 

BIOENGINEERING 

Volume: 45    

Issue: 4    

Pages: 328-336 

Published: FEB 20 

1995 

Canada 

 

Lee D,  

Yu AH, 

Saddler JN. 

 

 

2 

 

Can biofuels finally 

take centre stage? 

 

 

Quest on lignocellulosic 

biofuel feedstock 

 

NATURE 

BIOTECHNOLOGY 

Volume: 24    

Issue: 7    

Pages: 777-784 

Published: JUL 2006 

USA 

 

Schubert C. 

 

 

3 

 

Advanced 

technology paths to 

global climate 

stability: energy for 

a greenhouse 

planet. 

 

Possible energy sources 

capable of producing large 

quantity of energy free 

carbon and their 

commercialization. A lot 

of research is still needed 

 

SCIENCE    

Volume: 298    

Issue: 5595    

Pages: 981-987 

Published: NOV 1 

2002 

 

Hoffert MI, 

Caldeira K, 

Benford G, 

Criswell DR, 

Green C, 

Herzog H, Jain 
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 to achieve this. USA AK, 

Kheshgi HS, 

Lackner KS, 

Lewis JS, 

Lightfoot HD, 

Manheimer W, 

Mankins JC, 

Mauel 

ME, Perkins 

LJ, Schlesinger 

ME, Volk T, 

Wigley TM. 

 

4 

 

Greenhouse gases 

in intensive 

agriculture: 

contributions of 

individual gases to 

the radiative 

forcing of the 

atmosphere. 

 

Methane oxidation lessens 

the global warming 

potential of agronomic 

systems. 

 

SCIENCE    

Volume: 289    

Issue: 5486  

Pages: 1922-1925 

Published: SEP 15 

2000 

USA 

 

Robertson GP, 

Paul EA, 

Harwood RR. 

 

 

 

5 

 

Gasohol: Does It or 

Doesn't It Produce 

Positive Net 

Energy 

 

Gasohol (10% grain-based 

ethanol, 90% gasoline) 

does not produce any net 

energy in terms of total 

renewable energy but in 

terms of petroleum or 

petroleum-substitutable 

energy, it is energy 

producer. 

 

SCIENCE    

Volume: 206    

Issue: 4420  

Pages: 789-795 

Published: 1979 

USA 

 

Chambers RS, 

Herendeen 

RA, Joyce JJ, 

Penner PS. 
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6 

 

Nutrient database 

for distiller's dried 

grains with solubles 

produced from new 

ethanol plants in 

Minnesota and 

South Dakota. 

 

Younger ethanol plants 

posse higher gross energy, 

threonine level, total Lys 

and Met than older ethanol 

plants. 

 

JOURNAL OF 

ANIMAL SCIENCE 

Volume: 80    

Issue: 10    

Pages: 2639-2645 

Published: OCT 2002 

USA 

 

Spiehs MJ, 

Whitney MH, 

Shurson GC. 

 

 

7 

 

High-value 

renewable energy 

from prairie 

grasses. 

 

 

Factors influencing the 

economic benefits and 

commercialization of 

switchgrass as a bioenergy 

resource material. 

 

ENVIRONMENTAL 

SCIENCE & 

TECHNOLOGY 

Volume: 36    

Issue: 10   

Pages: 2122-2129 

Published: MAY 15 

2002 

USA 

 

McLaughlin 

SB, de la Torre 

Ugarte DG, 

Garten CT Jr, 

Lynd LR, 

Sanderson 

MA, 

Tolbert VR, 

Wolf DD. 

 

8 

 

Stabilization 

wedges: solving the 

climate problem for 

the next 50 years 

with current 

technologies. 

 

Analysis of technologies 

necessary for reducing the 

rate of CO2 release to the 

atmosphere up to the next 

50 years. 

 

SCIENCE   

 Volume: 305    

Issue: 5686    

Pages: 968-972 

Published: AUG 13 

2004 

USA 

 

Pacala S, 

Socolow R. 

 

 

9 

 

Effect of initial 

carbon sources on 

the electrochemical 

detection of 

glucose by 

Gluconobacter 

 

Role of initial carbon 

source on the glucose 

sensoring in an 

electrochemical system. It 

is observed that there is 

highest increase in current 

 

BIOELECTRO 

CHEMISTRY    

Volume: 57    

Issue: 2    

Pages: 173-178 

Published: SEP 2002 

 

Lee SA,  

Choi Y,  

Jung S,  

Kim S. 
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oxydans. 

 

due to oxidation of 

glycerol followed by that 

of galactose, glucose, 

sucrose and finally 

mannitol.  

South Korea 

 

10 

 

Soil carbon 

sequestration 

impacts on global 

climate change and 

food security. 

 

 

 

Methods to increase soil 

carbon pool. Increment in 

soil carbon pool increases 

wheat, maize, and cowpeas 

yield. Carbon 

sequestration decrease 

global fossil fuel emission 

per annum. 

 

SCIENCE    

Volume: 304    

Issue: 5677    

Pages: 1623-1627 

Published: JUN 11 

2004 

USA 

 

Lal R. 

 

 

11 

 

Bioethanol. 

 

 

Review on alternatives to 

fossil fuels. Utilization of 

biomass as feedstock for 

biofuels and possible 

technologies to 

commercialize it in 

economical and most 

efficient ways. 

 

CURRENT OPINION 

IN CHEMICAL 

BIOLOGY    

Volume: 10    

Issue: 2    

Pages: 141-146 

Published: APR 2006 

USA 

 

Gray KA, 

Zhao L, 

Emptage M. 

 

 

12 

 

Forecasting 

agriculturally 

driven global 

environmental 

change. 

 

 

With the inherent 

dependency of the global 

environmental impacts of 

agriculture on human 

population and 

consumption, in the next 

50 years, there will be 

simplification of 

ecosystem and species 

 

SCIENCE   

Volume: 292    

Issue: 5515   Pages: 

281-284    

Published: APR 13 

2001 

USA 

 

Tilman D, 

Fargione J, 

Wolff B, 

D'Antonio C, 

Dobson A, 

Howarth R, 

Schindler D, 

Schlesinger 

WH, 
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extinction. Hence, the need 

to control the 

environmental impact of 

agricultural expansion. 

Simberloff D, 

Swackhamer 

D. 

 

 

13 

 

Global 

environmental 

impacts of 

agricultural 

expansion: the need 

for sustainable and 

efficient practices. 

 

Trends of the increase in 

agricultural food 

production and its foreseen 

impact on the environment 

in the nearest future. 

 

PROCEEDINGS OF 

THE NATIONAL 

ACADEMY OF 

SCIENCES OF THE 

UNITED STATES 

OF AMERICA 

Volume: 96    

Issue: 11    

Pages: 5995-6000 

Published: MAY 25 

1999 

USA 

 

Tilman D. 

 

 

14 

 

Agricultural 

sustainability and 

intensive 

production 

practices. 

 

 

 

A forecast on the future 

effects of the increasing 

global food demand and 

their impacts on the 

environment. There is need 

to stipulate new policies to 

tackle this situation. 

 

NATURE   

Volume: 418    

Issue: 6898    

Pages: 671-677 

Published: AUG 8 

2002 

USA 

 

Tilman D, 

Cassman KG, 

Matson PA, 

Naylor R, 

Polasky S. 

 

 

15 

 

Lignin 

biosynthesis. 

 

 

Analysis of the structure of 

lignin, its polymerization 

and possible biosynthetic 

pathways. 

 

ANNUAL REVIEW 

OF PLANT 

BIOLOGY    

Volume: 54    

Pages: 519-546 

Published: 2003 

Belgium 

 

Boerjan W, 

Ralph J, 

Baucher M. 
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16 

 

Brachypodium 

distachyon. A new 

model system for 

functional 

genomics in 

grasses. 

 

 

Diploid ecotypes of 

Brachypodium distachyon 

are self-fertile, inbreeding 

annual genome with a 

short life cycle (< 4 

months). They are 

amenable to high-

throughput genetics and 

mutant genes. This can be 

used for functional 

genomics in grasses. 

 

PLANT 

PHYSIOLOGY    

Volume: 127    

Issue: 4    

Pages: 1539-1555 

Published: DEC 2001 

UK 

 

Draper J, Mur 

LA, Jenkins G, 

Ghosh-Biswas 

GC, Bablak P, 

Hasterok R, 

Routledge 

AP. 

 

 

17 

 

Enzyme-assisted 

reforming of 

glucose to 

hydrogen in a 

photoelectrochemic

al cell. 

 

 

Poryphin is used as an 

enzyme to aid the 

production of hydrogen 

from glucose in a 

photoelectrochemical cell. 

 

PHOTOCHEMISTRY 

AND 

PHOTOBIOLOGY 

Volume: 81    

Issue: 4    

Pages: 1015-1020 

Published: JUL-AUG 

2005 

USA 

 

Hambourger 

M, Brune A, 

Gust D, Moore 

AL, Moore 

TA. 

 

 

18 

 

Global warming in 

the twenty-first 

century: an 

alternative 

scenario. 

 

 

Recent global warming is 

caused by release of non-

CO2 greenhouse gases 

which has declined in the 

past decade. Continuous 

decrease of the release of 

these gases in combination 

with a reduction of carbon 

black emission and 

reduced CO2 emission will 

 

PROCEEDINGS OF 

THE NATIONAL 

ACADEMY OF 

SCIENCES OF THE 

UNITED STATES 

OF AMERICA 

Volume: 97    

Issue: 18    

Pages: 9875-9880 

Published: AUG 29 

 

Hansen J, Sato 

M, Ruedy R, 

Lacis A, Oinas 

V. 
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result in almost zero 

emission of greenhouse 

gases in the next 50 years. 

2000 

USA 

 

19 

 

Repression of 

lignin biosynthesis 

promotes cellulose 

accumulation and 

growth in 

transgenic trees. 

 

 

Growth of trees with 

reduced amount of lignin 

(without reducing its 

cellulase) since lignin 

reduce the use of wood for 

fibre, chemical, and energy 

production. This is done 

with the aid of antisense 

inhibition. 

 

NATURE 

BIOTECHNOLOGY 

Volume: 17    

Issue: 8    

Pages: 808-812 

Published: AUG 1999 

USA 

 

Hu WJ, 

Harding SA, 

Lung J, Popko 

JL, Ralph J, 

Stokke DD, 

Tsai CJ, 

Chiang VL. 

 

 

20 

 

Fuel Ethanol from 

Cellulosic Biomass.

 

 

Cost-competitive process 

can be used in a decade to 

overcome conversion 

economics which is a 

barrier to 

commercialization of use 

of cellulosic biomass as 

feedstock for biofuel 

production.  

 

SCIENCE    

Volume: 251    

Issue: 4999    

Pages: 1318-1323 

Published: MAR 15 

1991 

USA 

 

Lynd LR, 

Cushman JH, 

Nichols RJ, 

Wyman CE. 

 

 

21 

 

Ricin poisoning: a 

comprehensive 

review. 

 

 

 

Sources of ricin (deadly 

biological toxin), methods 

of release to the 

atmosphere, symptoms, 

and ongoing methods of 

detection. 

 

JAMA-JOURNAL OF 

THE AMERICAN 

MEDICAL 

ASSOCIATION 

Volume: 294    

Issue: 18    

Pages: 2342-2351 

Published: NOV 9 

2005 

 

Audi J, Belson 

M, Patel M, 

Schier J, 

Osterloh J. 

 



88 

 

USA 

 

22 

 

Emission factors of 

carbon monoxide 

and size-resolved 

aerosols from 

biofuel combustion.

 

 

Rate of emission of CO 

and aerosol from 

combustion of wood, dung 

cake, and biofuel briquette 

in traditional and improved 

stoves in India. Stove 

design for improved 

efficiency with lower 

emission upon combustion 

of wood, dung cake or 

biofuel briquette. 

 

ENVIRONMENTAL 

SCIENCE & 

TECHNOLOGY 

Volume: 35    

Issue: 10    

Pages: 2100-2107 

Published: MAY 15 

2001 

USA 

 

Venkataraman 

C,  

Rao GU. 

 

 

23 

 

Standard apparent 

reduction potentials 

for biochemical 

half reactions as a 

function of pH and 

ionic strength. 

 

 

Effects of pH and ionic 

strength on biochemical 

half reactions. This effect 

is more pronounced for 

nitrogenise reaction. 

 

ARCHIVES OF 

BIOCHEMISTRY 

AND BIOPHYSICS 

Volume: 389    

Issue: 1    

Pages: 94-109 

Published: MAY 1 

2001 

USA 

 

Alberty RA. 
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APPENDIX 1 H 

Details of Linkage Between Clusters 4, 5 and 6 in Reference Network Result Analysis 

S/ 

No 

Title Description Bibliography  

And Place 

Authors 

1 Operational 

parameters 

affecting the 

performance of a 

mediator-less 

microbial fuel cell. 

 

 In a mediator-less 

microbial fuel cell, the 

performance is best at pH 

of 7. The performance also 

increases with addition of 

fuel at low dissolved 

oxygen concentration and 

500Ω resistance. 

BIOSENSORS & 

BIOELECTRONICS

Volume: 18    

Issue: 4    

Pages: 327-334 

Published: APR 2003 

South Korea 

Gil GC, 

Chang IS, 

Kim BH, 

Kim M, 

Jang JK, 

Park HS, 

Kim HJ. 

 

 

2 

 

D-fructose 

dehydrogenase of 

Gluconobacter 

industrius: 

purification, 

characterization, 

and application to 

enzymatic 

microdetermination 

of D-fructose. 

 

D-Fructose dehydrogenase 

is the best reagent for 

microdetermination of D-

Fructose and its stability is 

promoted by the presence 

of detergent. 

 

JOURNAL OF 

BACTERIOLOGY 

Volume: 145    

Issue: 2    

Pages: 814-823 

Published: 1981 

Japan 

 

Ameyama 

M, 

Shinagawa 

E, 

Matsushita 

K,  

Adachi O. 

 

 

3 

 

Performance of 

subcutaneously 

implanted needle-

type glucose 

sensors employing 

a novel trilayer 

coating. 

 

 

Preparation of needle-type 

sensor using a new trilayer 

membrane configuration 

(nafion, o-

phenylenediamine, and 

glucose oxidase 

immobilized in a bovine 

serum albumin matrix). 

 

ANALYTICAL 

CHEMISTRY 

Volume: 65    

Issue: 15    

Pages: 2072-2077 

Published: AUG 1 

1993 

Canada 

 

Moussy F, 

Harrison 

DJ, O'Brien 

DW, 

Rajotte RV. 
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The sensor is very 

functional for a period of 

one week but after 2 

weeks, it failed owing to 

degradation of the 

electrode. 

4 Bacterial 

Manganese 

Reduction and 

Growth with 

Manganese Oxide 

as the Sole 

Electron Acceptor. 

 

Some bacteria (eg. 

Alteromonas putrefaciens 

MR-1) can use a variety of 

compounds, including 

manganic oxide, as 

terminal electron 

acceptors, making them 

good manganese oxide 

reducing agents in any 

environment where 

electron-acceptor 

concentrations may vary.   

SCIENCE    

Volume: 240    

Issue: 4857    

Pages: 1319-1321 

Published: JUN 3 

1988 

USA 

Myers CR, 

Nealson 

KH. 

 

 

 

5 

 

Effects of 

membrane cation 

transport on pH and 

microbial fuel cell 

performance 

 

In a microbial fuel cell, 

transport of positive 

charge through the 

membrane is mostly done 

by cation species other 

than protons, hence, they 

accumulated in the cathode 

chamber increasing its 

conductivity. This results 

in pH increase in the 

cathode chamber and a 

corresponding decrease in 

the microbial fuel cell 

performance. 

 

ENVIRONMENTAL 

SCIENCE & 

TECHNOLOGY 

Volume: 40    

Issue: 17    

Pages: 5206-5211 

Published: SEP 1 

2006 

Netherlands 

 

Rozendal 

RA, 

Hamelers 

HV, 

Buisman 

CJ. 
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APPENDIX 1 I 

Details of Cluster 7 in Reference Network Result Analysis 

S/ 

No 

Title Description Bibliography  

And Place 

Authors 

 

1 

 

Biosynthesis and 

regulation of 

microbial 

polyunsaturated 

fatty acid 

production. 

 

  

Biotechnological strategies 

(eg. Mutation techniques, 

molecular engineering and 

biotransformations) can be 

used in the biosynthesis of 

polyunsaturated fatty acid 

(PUFA) from oleaginous 

microorganism to improve 

product value. This 

technology can be applied 

in the synthesis of high-

value oils. 

 

JOURNAL OF 

BIOSCIENCE AND 

BIOENGINEERING 

Volume: 87    

Issue: 1    

Pages: 1-14 

Published: JAN 1999 

Japan 

 

Certik M, 

Shimizu S 
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APPENDIX 1 J 

Details of link between clusters 6 and 7 in Reference Network Result Analysis 

S/ 

No 

Title Description Bibliography  

And Place 

Authors 

 

1 

 

Botryococcus 

braunii: a 

renewable 

source of 

hydrocarbons 

and other 

chemicals. 

  

Characteristics of 

botorycoccus braunii (a 

microalga) and methods to 

convert it into hydrocarbon 

since hydrocarbons can 

contain about 75% of dry 

mass of it. The study aims at 

reducing the dependency on 

fossil fuels. 

 

CRITICAL 

REVIEWS IN 

BIOTECHNOLOGY 

Volume: 22    

Issue: 3    

Pages: 245-279 

Published: 2002 

India 

 

Banerjee A, 

Sharma R, 

Chisti Y, 

Banerjee UC. 

 

 

2 

 

Trends in lignin 

modification: a 

comprehensive 

analysis of the 

effects of 

genetic 

manipulations/ 

mutations on 

lignification and 

vascular 

integrity. 

 

Overview of trends in 

monolignol biosynthesis and 

obstacles to the proper 

knowledge of lignin 

assembly and their process 

of configuration. 

 

PHYTOCHEMISTRY 

Volume: 61    

Issue: 3    

Pages: 221-294 

Published: OCT 2002 

USA 

 

Anterola 

AM,  

Lewis NG. 

 

 

3 

 

Simultaneous 

bioconversion of 

cellulose and 

hemicellulose to 

ethanol. 

 

Both cellulose and 

hemicellulose sugars can be 

simultaneously converted to 

ethanol in a very economic 

and efficient way using the 

 

CRITICAL 

REVIEWS IN 

BIOTECHNOLOGY 

Volume: 18    

Issue: 4    

 

Chandrakant 

P,  

Bisaria VS. 
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following approaches:- use 

of (1) xylose-fermenting 

yeast alone, (2) xylose 

isomerise enzyme as well as 

yeast, (3) immobilized 

enzymes and cells, and (4) 

sequential fermentation and 

co-culture process. 

Pages: 295-331 

Published: 1998 

India 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



94 

 

APPENDIX 1 K 

Details of Cluster 8 in Reference Network Result Analysis 

S/ 

No 

Title Description Bibliography  

And Place 

Authors 

 

1 

 

Basic local 

alignment search 

tool. 

 

  

Application of BLAST in 

DNA and protein database 

search, gene identification 

searches, motif searches, 

analysis of multiple 

regions of similarity in 

long DNA sequences. 

 

JOURNAL OF 

MOLECULAR 

BIOLOGY    

Volume: 215    

Issue: 3    

Pages: 403-410 

Published: OCT 5 

1990 

USA 

 

Altschul SF, 

Gish W, 

Miller W, 

Myers EW, 

Lipman DJ. 

 

2 Gapped BLAST 

and PSI-BLAST: a 

new generation of 

protein database 

search programs. 

 

Methods for decreasing the 

execution time of BLAST 

programs while enhancing 

their sensitivity to weak 

similarities. Use of 

position-specific iterated 

BLAST (PSI-BLAST), a 

modified BLAST program, 

for simultaneous DNA 

database search and 

combination of search 

results into a position-

specific score matrix. Note 

that BLAST programs are 

tools used in searching 

protein and DNA 

databases for sequence 

similarities. 

NUCLEIC ACIDS 

RESEARCH  

Volume: 25    

Issue: 17    

Pages: 3389-3402 

Published: SEP 1 

1997 

USA 

Altschul SF, 

Madden TL, 

Schaffer 

AA,  

Zhang J, 

Zhang Z, 

Miller W, 

Lipman DJ. 
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APPENDIX 2A 

                                                            Cited Authors Network 
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APPENDIX 2 B 

Details of Cluster 1 in Cited Authors Network Result Analysis 

S/ 

No 

Title Description Bibliography  

And Place 

Authors 

 

1 

 

Alcohol 

dehydrogenase: 

multiplicity and 

relatedness in the 

solvent-producing 

clostridia. 

 

  

Differentiating different 

ADHs (alcohol 

dehydrogenases- enzyme for 

butanol, ethanol, and iso- 

propanol production by 

solvent-producing 

clostridia). Deciphering 

similarities and differences 

between different solvent-

forming enzymes. This 

helps the clarification of 

roles of different ADHs 

because each type of ADH 

can now be studied in an 

organism most amenable to 

experimental manipulations. 

 

FEMS 

MICROBIOLOGY 

REVIEWS    

Volume: 17    

Issue: 3    

Pages: 263-273 

Published: OCT 1995 

USA 

 

Chen JS. 

 

 

2 

 

Arabidopsis ent-

kaurene oxidase 

catalyzes three 

steps of 

gibberellins 

biosynthesis. 

 

 

Single enzyme, GA3 (ent – 

kaurene oxidase), catalyzes 

the three steps of 

gibberellins biosynthesis 

from ent – kaurene to ent- 

kaurenoic acid.   

 

PLANT 

PHYSIOLOGY 

Volume: 119    

Issue: 2    

Pages: 507-510 

Published: FEB 1999 

Australia 

 

Helliwell 

CA, Poole A, 

Peacock WJ, 

Dennis ES. 
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APPENDIX 2 C 

Details of Cluster 2 in Cited Authors Network Result Analysis 

S/ 

No 

Title Description Bibliography  

And Place 

Authors 

 

1 

 

Molecular ordering 

of organic molten 

salts triggered by 

single-walled 

carbon nanotubes. 

 

  

Mixing ion-based room-

temperature ionic liquid 

with pristine and grinding 

the mixture results in 

formation of gels. These 

gels are formed by 

physical cross-linking of 

the nanotube bundles, 

mediated by local 

molecular ordering of the 

ionic liquids and they are 

thermally stable. 

 

SCIENCE    

Volume: 300    

Issue: 5628    

Pages: 2072-2074 

Published: JUN 27 

2003 

Japan 

 

Fukushima T, 

Kosaka A, 

Ishimura Y, 

Yamamoto T, 

Takigawa T, 

Ishii N,  

Aida T. 

. 

 

2 

 

Structure and 

mechanism of 

soluble 

squinoprotein 

glucose 

dehydrogenase. 

 

 

X-ray determination of the 

structure of both soluble 

glucose dehydrogenase (s-

GDH), a complex with 

pyrroloquinoline quinine 

(PQQ), and glucose shows 

that the reaction 

mechanism of PQQ-

dependent enzymes is a 

general base-catalyzed 

hydride transfer. 

 

EMBO JOURNAL 

Volume: 18    

Issue: 19    

Pages: 5187-5194 

Published: OCT 1 

1999 

Netherlands 

 

Oubrie A, 

Rozeboom HJ, 

Kalk KH, 

Olsthoorn AJ, 

Duine JA, 

Dijkstra BW. 
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3 

 

Sol-gel-derived 

titanium 

oxide/copolymer 

composite based 

glucose biosensor. 

 

 

Development of a new 

type of sol-gel-derived 

titanium oxide/copolymer 

composite material and 

subsequent use of this 

material for the 

construction of glucose 

biosensor. 

 

BIOSENSORS & 

BIOELECTRONICS 

Volume: 18    

Issue: 8    

Pages: 999-1004 

Published: AUG 1 

2003 

China 

 

Chen X, Dong 

S. 

 

 

4 

 

Primary production 

of the biosphere: 

integrating 

terrestrial and 

oceanic 

components. 

 

 

Integrating similar models 

of the growth of marine 

and terrestrial primary 

producers yield a global 

net primary production 

(NPP) of 104,9 pentagrams 

of carbon per year with 

almost equal contributions 

from land and oceans. 

 

SCIENCE    

Volume: 281    

Issue: 5374    

Pages: 237-240 

Published: JUL 10 

1998 

USA 

 

Field CB, 

Behrenfeld MJ, 

Randerson JT, 

Falkowski P. 

 

 

 

5 

 

Fullerene pipes  

 

 

Conversion of single-wall 

fullerene nanotubes from 

highly tangled ropes into 

short, open-ended pipes 

that behave as individual 

macromolecules. 

 

SCIENCE    

Volume: 280    

Issue: 5367    

Pages: 1253-1256 

Published: MAY 22 

1998 

USA 

 

Liu J, Rinzler 

AG, Dai H, 

Hafner JH, 

Bradley RK, 

Boul PJ, Lu A, 

Iverson T, 

Shelimov K, 

Huffman CB, 

Rodriguez-

Macias F, Shon 

YS, Lee TR, 

Colbert DT, 

Smalley RE. 
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6 

 

Wet corn distillers 

by-products 

compared with 

dried corn distillers 

grains with 

solubles as a source 

of protein and 

energy for 

ruminants. 

 

Comparison of feeding 

value of wet and dried 

corn distillers by-products 

as a source of protein and 

energy for growing cattle 

and the effect of heat 

damage on the feeding 

value of dried distillers by-

products.  

 

JOURNAL OF 

ANIMAL SCIENCE 

Volume: 72    

Issue: 12    

Pages: 3246-3257 

Published: DEC 

1994 

USA 

 

Ham GA,  

Stock RA, 

Klopfenstein TJ, 

Larson EM, 

Shain DH, 

Huffman RP. 

 

 

7 

 

Lipidic Cubic 

Phases: New 

Matrices for the 

Three-Dimensional 

Crystallization of 

Membrane 

Proteins. 

 

 

Use of lipidic cubic phases 

consisting of 

monoglycerides and water 

to improve high resolution 

structures of membrane by 

x-ray crystallography. 

 

JOURNAL OF 

STRUCTURAL 

BIOLOGY   

Volume: 121    

Issue: 2    

Pages: 82-91 

Published: 1998 

Switzerland 

 

Rummel G, 

Hardmeyer A, 

Widmer C, Chiu 

ML, Nollert P, 

Locher KP, 

Pedruzzi I I, 

Landau EM, 

Rosenbusch JP. 

 

8 

 

Laccase-based 

biosensor for 

determination of 

polyphenols: 

determination of 

catechols in tea. 

 

 

Proposition of new method 

of amperometric 

determination of phenolic 

compounds using an 

enzyme electrode which 

comprises oxygen 

electrode and immobilized 

laccase. 

 

BIOSENSORS & 

BIOELECTRONICS 

Volume: 7    

Issue: 2    

Pages: 127-131 

Published: 1992 

USSR 

 

Ghindilis AL, 

Gavrilova VP, 

Yaropolov AI. 

 

 

9 

 

Compartmentation 

of photosynthesis 

in cells and tissues 

of C (4) plants. 

 

Methods for understanding 

the mechanism of C(4) 

plant photosynthesis and 

its evolution. These 

 

JOURNAL OF 

EXPERIMENTAL 

BOTANY    

Volume: 52    

 

Edwards GE, 

Franceschi VR, 

Ku MS, 

Voznesenskaya 



100 

 

 methods include 

immunological, 

ultrastructural, and 

cytochemical studies. 

Issue: 356    

Pages: 577-590 

Published: APR 

2001 

USA 

EV,  

Pyankov VI, 

Andreo CS. 

 

 

10 

 

A microbial fuel 

cell capable of 

converting glucose 

to electricity at 

high rate and 

efficiency. 

 

 

Glucose feeding rate in the 

range 0,5-3g/Ld produces 

high power output in 

microbial fuel cell 

containing a mixed 

bacterial culture utilizing 

glucose as carbon source. 

 

BIOTECHNOLOGY 

LETTERS    

Volume: 25    

Issue: 18    

Pages: 1531-1535 

Published: SEP 2003 

Belgium 

 

Rabaey K, 

Lissens G, 

Siciliano SD, 

Verstraete W. 

 

 

11 

 

Residential biofuels 

in South Asia: 

carbonaceous 

aerosol emissions 

and climate 

impacts. 

 

 

Biofuel combustion is the 

largest source of black 

carbon emission in India 

and its control is central to 

climate change mitigation 

in the South Asian region. 

 

SCIENCE    

Volume: 307    

Issue: 5714    

Pages: 1454-1456 

Published: MAR 4 

2005 

India 

 

Venkataraman 

C, Habib G, 

Eiguren-

Fernandez A, 

Miguel AH, 

Friedlander SK. 

 

12 

 

Unfolding pathway 

of myoglobin: 

molecular 

properties of 

intermediate forms. 

 

 

Two forms of the protein-

myoglobin are discovered. 

A molecular 

characterization of these 

two structural forms was 

carried out. 

 

ARCHIVES OF 

BIOCHEMISTRY 

AND BIOPHYSICS 

Volume: 244    

Issue: 2    

Pages: 459-469 

Published: FEB 1 

1986 

Italy 

 

Irace G, 

Bismuto E, Savy 

F, Colonna G. 

 

 

13 

 

Genome of 

 

Characteristics of genome 

 

SCIENCE    

 

Methe BA, 
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Geobacter 

sulfurreducens: 

metal reduction in 

subsurface 

environments. 

 

Geobacter sulfurreducens, 

a delta-proteobacterium. It 

is shown that this delta-

protobacterium has the 

ability to create alternative, 

redundant electron 

transport networks. This 

discovery gives insight 

into the process of metal-

ion reduction in subsurface 

environments. 

Volume: 302    

Issue: 5652    

Pages: 1967-1969 

Published: DEC 12 

2003 

USA 

Nelson KE, 

Eisen JA, 

Paulsen IT, 

Nelson W, 

Heidelberg JF, 

Wu D, Wu M, 

Ward N, Beanan 

MJ, Dodson RJ, 

Madupu R, 

Brinkac LM, 

Daugherty SC, 

DeBoy RT, 

Durkin AS, 

Gwinn M, 

Kolonay JF, 

Sullivan SA, 

Haft DH, 

Selengut J, 

Davidsen TM, 

Zafar N, White 

O, Tran B, 

Romero C, 

Forberger HA, 

Weidman J, 

Khouri H, 

Feldblyum 

TV, Utterback 

TR, Van Aken 

SE, Lovley DR, 

Fraser CM. 

 

14 

 

A periplasmic and 

extracellular c-type 

 

C-type cytochrome by 

cells of Geobacter 

 

JOURNAL OF 

BACTERIOLOGY 

 

Seeliger S, 

Cord-Ruwisch 
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cytochrome of 

Geobacter 

sulfurreducens 

acts as a ferric iron 

reductase and as an 

electron carrier to 

other acceptors or 

to partner bacteria. 

 

sulfurreducens can act as 

iron (III) reductase for 

electron transfer to 

insoluble iron hydroxides 

or to sulphur, manganese 

dioxide, or the oxidized 

compounds and it can 

transfer electrons to 

partner bacteria. 

Volume: 180    

Issue: 14    

Pages: 3686-3691 

Published: JUL 1998 

Germany 

R,  

Schink B. 

 

 

15 

 

The mechanism of 

cathode reduction 

of oxygen in a 

carbon carrier-

laccase system. 

 

 

Determination of the 

reaction mechanism of 

cathode reduction of 

oxygen in a carbon carrier-

laccase system. The slow 

step in the reaction is the 

electron transfer from the 

enzyme active site to the 

oxygen molecule. 

 

FEBS LETTERS 

Volume: 215    

Issue: 2    

Pages: 219-222 

Published: MAY 11 

1987 

USSR 

 

Kuznetsov AM, 

Bogdanovskaya 

VA,  

Tarasevich MR, 

Gavrilova EF. 

 

 

16 

 

Total dietary fibre 

determined as 

neutral sugar 

residues, uronic 

acid residues, and 

Klason lignin (the 

Uppsala method): 

collaborative study. 

 

Use of gas 

chromatographic-

calorimetric-gravimetric 

method (Uppsala method) 

for determination of total 

dietary fiber content and 

its composition in various 

foods. 

 

JOURNAL OF 

AOAC 

INTERNATIONAL 

Volume: 78    

Issue: 4    

Pages: 1030-1044 

Published: JUL-

AUG 1995 

Sweden 

 

Theander O, 

Aman P, 

Westerlund E, 

Andersson R, 

Pettersson D. 

 

 

17 

 

Crystal structure of 

glucose oxidase 

from Aspergillus 

 

Using isomorphous 

replacement, the crystal 

structure of the partially 

 

JOURNAL OF 

MOLECULAR 

BIOLOGY   

 

Hecht HJ, 

Kalisz HM, 

Hendle J, 
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niger refined at 2.3 

A resolution. 

 

deglycosylated enzyme 

from Aspergillus niger was 

determined and refined to 

2,3 A resolution. 

Volume: 229    

Issue: 1    

Pages: 153-172 

Published: JAN 5 

1993 

Germany 

Schmid RD, 

Schomburg D. 

 

 

18 

 

Nutrient database 

for distiller's dried 

grains with 

solubles produced 

from new ethanol 

plants in Minnesota 

and South Dakota. 

 

 

Evaluation of the nutrient 

content and variability of 

distiller’s dried grains with 

soluble (DDGS) 

originating from new 

ethanol plants in 

Minnesota and Souh 

Dakota. From the results, it 

can be shown that gross 

energy, P, and total Lys, 

Met and Thr levels are 

higher in DDGS from 

Minnesota-South Dakota 

ethanol plants compared to 

that from DDGS sample 

obtained from an older 

Midwestern plant. 

 

JOURNAL OF 

ANIMAL SCIENCE 

Volume: 80    

Issue: 10   Pages: 

2639-2645 

Published: OCT 

2002 

USA 

 

Spiehs MJ, 

Whitney MH, 

Shurson GC. 

 

 

19 

 

Plant 

retrotransposons. 

 

 

Characteristics of plant 

retrotransposons and its 

comparison with 

retrotransposons found in 

some other eukaryotes. 

Analysis of their 

contributions to plant 

genome evolution and 

 

ANNUAL REVIEW 

OF GENETICS 

Volume: 33    

Pages: 479-532    

Published: 1999 

UK 

 

Kumar A, 

Bennetzen JL. 
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their use as genetic tools in 

plant biology. Note that 

retrotransposons are 

mobile genetic elements 

that transpose through 

reverse transcription of a 

ribonucleic acid 

intermediate. 

 

20 

 

Biodiversity-

Global biodiversity 

scenarios for the 

year 2100. 

 

 

With a study of recent 

trends in change of 

atmospheric carbon 

dioxide, climate, 

vegetation, land use, and 

known sensitivity of 

biodiversity to these 

changes, scenarios of 

changes in biodiversity for 

the year 2100 can be 

developed.  

 

SCIENCE    

Volume: 287    

Issue: 5459    

Pages: 1770-1774 

Published: MAR 10 

2000 

Argentina 

 

Sala OE, Chapin 

FS 3rd, Armesto 

JJ, Berlow E, 

Bloomfield J, 

Dirzo R, 

Huber-Sanwald 

E, Huenneke 

LF, Jackson RB, 

Kinzig A, 

Leemans R, 

Lodge DM, 

Mooney 

HA, Oesterheld 

M, Poff NL, 

Sykes MT, 

Walker BH, 

Walker M, Wall 

DH. 

 

21 

 

Fuel ethanol after 

25 years. 

 

 

Brazil and North America 

are the world largest 

producers of fuel ethanol 

from sugar and maize 

respectively after 25 years. 

 

TRENDS IN 

BIOTECHNOLOGY 

Volume: 17    

Issue: 12    

Pages: 482-487 

 

Wheals AE, 

Basso LC, Alves 

DM, Amorim 

HV. 
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Though there has been a 

steady increase in the 

efficiency of ethanol 

production, tax credits 

make fuel ethanol 

commercially viable 

because oil prices are at an 

all-time low. Low-cost 

ethanol can be sufficiently 

produced only of 

lignocelluloses feedstock 

is also used. 

Published: DEC 

1999 

UK 

 

22 

 

A 

glucose/hydrogen 

peroxide biofuel 

cell that uses 

oxidase and 

peroxidase as 

catalysts by 

composite bulk-

modified 

bioelectrodes based 

on a solid binding 

matrix. 

 

Development of a 

glucose/hydrogen peroxide 

biofuel cell using an 

improved composite bulk-

modified bioelectrode 

setup based on a solid 

binding matrix (SBM). 

This can be used to 

examine the feasibility of a 

sugar-feed biofuel cell 

based on SBM technology. 

 

BIOELECTRO 

CHEMISTRY 

Volume: 56    

Issue: 1-2    

Pages: 99-105 

Published: MAY 15 

2002 

Italy 

 

Pizzariello A, 

Stred'ansky M, 

Miertus S. 

 

 

23 

 

Redox and redox-

coupled processes 

of heme proteins 

and enzymes at 

electrochemical 

interfaces. 

 

 

Overview of current 

developments in Raman 

and infrared surface-

enhanced 

spectroelectrochemical 

techniques applied to the 

study of soluble and 

 

PHYSICAL 

CHEMISTRY 

CHEMICAL 

PHYSICS    

Volume: 7    

Issue: 22    

Pages: 3773-3784 

 

Murgida DH, 

Hildebrandt P. 
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membrane bound redox 

heme proteins and 

enzymes. Discussions of 

the biological implications 

of these developments. 

Published: 2005 

Germany 

 

24 

 

Amperometric 

biosensors based 

on recombinant 

laccases for 

phenols 

determination. 

 

 

Development of graphite 

electrode (GE) or printed 

graphite electrode (PGE) 

based biosensors 

containing fungal laccase 

Polyporous pinsitus 

(rPpL), and Myceliphthora 

thermophila (rMtL). This 

shows application of 

recombinant laccase to 

biosensor engineering and 

their use to phenol and 

related compound 

determination under 

steady-state and flow-

through regimes. 

 

BIOSENSORS & 

BIOELECTRONICS

Volume: 18    

Issue: 2-3    

Pages: 319-325 

Published: MAR 

2003 

Lithuania 

 

Kulys J, 

Vidziunaite R. 

 

 

25 

 

Utilization of a 

palladium-metal 

oxide 

semiconductor (Pd-

MOS) sensor for 

on-line monitoring 

of dissolved 

hydrogen in 

anaerobic 

digestion. 

 

Analysis of use of a 

hydrogen-sensitive 

palladium-metal oxide 

semiconductor (Pd-MOS) 

sensor combined with a 

membrane for liquid-to-

gas transfer for the 

detection of dissolved 

hydrogen. In comparison 

with water, glucose limits 

 

BIOTECHNOLOGY 

AND 

BIOENGINEERING 

Volume: 73    

Issue: 1    

Pages: 35-43 

Published: APR 5 

2001 

Sweden 

 

Bjornsson L, 

Hornsten EG, 

Mattiasson B. 
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 the liquid-to-gas hydrogen 

transfer. The system can 

be applied in monitoring 

anaerobic digestion 

process. 

 

26 

 

Sensor fusion with 

on-line gas 

emission 

multisensor arrays 

and standard 

process measuring 

devices in baker's 

yeast 

manufacturing 

process. 

 

Use of multisensory array, 

containing 14 different 

gas-sensitive 

semiconductor devices and 

an infrared gas sensor, for 

measuring the emission 

from a production-scale 

baker’s yeast 

manufacturing process. 

 

BIOTECHNOLOGY 

AND 

BIOENGINEERING 

Volume: 55    

Issue: 2    

Pages: 427-438 

Published: JUL 20 

1997 

Sweden 

 

Mandenius CF, 

Eklov T, 

Lundstrom I. 
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APPENDIX 2 D 

Details of Linkage between Clusters 1 and 2 in Cited Authors Network Result Analysis 

S/ 

No 

Title Description Bibliography  

And Place 

Authors 

 

1 

 

Glucose electrodes 

based on cross-

linked 

[Os(bpy)2Cl]+/2+ 

complexed poly(1-

vinylimidazole) 

films. 

  

Description of enzyme 

electrodes based on a redox 

hydrogel. 

 

ANALYTICAL 

CHEMISTRY 

Volume: 65    

Issue: 23    

Pages: 3512-3517 

Published: DEC 1 

1993 

USA 

 

Ohara TJ, 

Rajagopalan 

R,  

Heller A. 

 

 

 

2 

 

Loosening of plant 

cell walls by 

expansins. 

 

 

Expansin, a protein secreted 

by plant cells during growth, 

loosens the network of wall 

polysaccharides thereby 

permitting tugor-driven cell 

enlargement. This is an 

important study as plant cell 

walls are used for 

manufacturing various 

products like paper, textile, 

thickeners, films, and 

explosives. 

 

NATURE    

Volume: 407    

Issue: 6802    

Pages: 321-326 

Published: SEP 21 

2000 

USA 

 

Cosgrove DJ. 

 

 

3 

 

Microbial 

production of 

hydrogen: an 

overview. 

 

 

Hydrogen can be produced 

from monossacharides by 

anaerobes, facultative 

anaerobes, methylotrophs, 

and photosynthetic bacteria. 

 

CRITICAL 

REVIEWS IN 

MICROBIOLOGY 

Volume: 24    

Issue: 1    

 

Nandi R, 

Sengupta S. 
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Pages: 61-84 

Published: 1998 

India 

 

4 

 

Purification and 

Characterization of 

Cinnamyl Alcohol 

Dehydrogenase 

from Tobacco 

Stems. 

 

 

Three chromatography steps 

are used for the purification 

of Cinnamyl alcohol 

dehydrogenase (CAD) - an 

enzyme used in lignin 

biosynthesis. 

 

PLANT 

PHYSIOLOGY 

Volume: 98    

Issue: 1    

Pages: 12-16 

Published: JAN 1992 

UK 

 

Halpin C, 

Knight ME, 

Grima-

Pettenati J, 

Goffner D, 

Boudet A, 

Schuch W. 

 

 

 

5 

 

Amperometric 

glucose biosensor 

based on sol-gel 

organic-inorganic 

hybrid material. 

 

 

An organic-inorganic 

material which compose of 

silica sol and a grafting 

copolymer of poly (vinyl 

alcohol) with 4-

vinylpyridine, was 

developed and used for the 

production of biosensors. 

The developed biosensor 

exhibits good properties.  

 

ANALYTICAL 

CHEMISTRY 

Volume: 70    

Issue: 15    

Pages: 3170-3174 

Published: AUG 1 

1998 

China 

 

 

Wang B,  

Li B,  

Deng Q, 

Dong S. 

 

 

6 

 

A realizable 

renewable energy 

future  

 

 

 

Review of pathways for 

renewable hydrogen 

generation; different 

renewable systems; carbon 

dioxide abatement; and 

energy storage. The study 

shows ability of renewable 

resources to provide all 

 

SCIENCE    

Volume: 285    

Issue: 5428    

Pages: 687-689 

Published: JUL 30 

1999 

USA 

 

Turner JA. 
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energy needed by the 

society using United States 

as an example. 

 

7 

 

Harvesting energy 

from the marine 

sediment-water 

interface. 

 

 

Using graphite electrodes, 

low-level power are 

generated from natural, 

microbe established, voltage 

gradients at marine 

sediment-sea water 

interface. 

 

ENVIRONMENTAL 

SCIENCE & 

TECHNOLOGY 

Volume: 35    

Issue: 1    

Pages: 192-195 

Published: JAN 1 

2001 

USA 

 

 

Reimers CE, 

Tender LM, 

Fertig S, 

Wang W. 

 

 

8 

 

Continuous 

electricity 

generation at high 

voltages and 

currents using 

stacked microbial 

fuel cells. 

 

 

Microbial fuel cells (MFCs) 

can be used to generate high 

voltage and current by 

connecting several of them 

either in series or in parallel. 

 

ENVIRONMENTAL 

SCIENCE & 

TECHNOLOGY 

Volume: 40    

Issue: 10    

Pages: 3388-3394 

Published: MAY 15 

2006 

Belgium 

 

Aelterman P, 

Rabaey K, 

Pham HT, 

Boon N, 

Verstraete W. 

 

 

 

9 

 

Microbiological 

evidence for Fe(III) 

reduction on early 

Earth. 

 

 

Fe (III), instead of initially 

accepted sulphur, is the first 

external electron acceptor of 

global significance in 

microbial metabolism. 

 

NATURE    

Volume: 395    

Issue: 6697    

Pages: 65-67 

Published: SEP 3 

1998 

USA 

 

Vargas M, 

Kashefi K, 

Blunt-Harris 

EL, Lovley 

DR. 
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10 A Laccase 

Associated with 

Lignification in 

Loblolly Pine 

Xylem. 

 

A laccase purified from cell 

walls of differentiating 

xylem of loblolly pine also 

oxidizes monolignol 

precursors to initiate lignin 

formation in plants. This 

study is important as 

peroxidise were initially 

thought as the only enzymes 

that can oxidize monolignol 

precursors. 

SCIENCE    

Volume: 260    

Issue: 5108    

Pages: 672-674 

Published: APR 30 

1993 

USA 

Bao W, 

O'malley 

DM,  

Whetten R, 

Sederoff RR. 

 

 

11 

 

Biosensors and 

bioelectrochemistry

. 

 

 

Use of nanoparticles for 

improving sensor 

performance and developing 

biosensors based on new 

detection principles. 

 

CURRENT OPINION 

IN CHEMICAL 

BIOLOGY    

Volume: 10    

Issue: 2    

Pages: 177-184 

Published: APR 2006 

UK 

 

Murphy L. 

 

 

12 

 

Metabolic 
engineering: 
prospects for crop 
improvement 
through the genetic 
manipulation of 
phenylpropanoid 
biosynthesis and 
defence responses--
a review. 

 

Discussion of basic 

biochemistry and molecular 

biology underlying the 

strategies for engineering 

phenylpropanoid 

biosynthetic pathways for 

crop improvement and 

potential importance of this 

phenomenon. 

 

GENE    

Volume: 179    

Issue: 1    

Pages: 61-71 

Published: NOV 7 

1996 

USA 

 

 

Dixon RA, 
Lamb CJ, 
Masoud S, 
Sewalt VJ, 
Paiva NL. 

 

 

13 

 

Characteristics of 
plant cell walls 
affecting intake and 

 

Lignin limits cell-wall 

digestibility in ruminants. 

 

JOURNAL OF 

ANIMAL SCIENCE 

 

Jung HG, 
Allen MS. 
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digestibility of 
forages by 
ruminants. 

 

 

Cell wall digestibility can be 

increased by reducing the 

indigestible cell-wall 

fraction in ruminants. 

Reduction in cell-wall 

concentration will also 

increase the intake potential 

and energy availability of 

forage crops in beef and 

dairy production. 

Volume: 73    

Issue: 9    

Pages: 2774-2790 

Published: SEP 1995 

USA 

 

 

14 

 

Cubic phases of 
lipid-containing 
systems. Structure 
analysis and 
biological 
implications. 

 

 

Determination of the 

structure of six cubic phases 

of lipid-containing system 

using pattern recognition 

approach. It is shown that 

the structure of the six cubic 

phases provide topological 

generations of bilayer and 

monolayer paradigms of 

lipid organization.  

 

JOURNAL OF 

MOLECULAR 

BIOLOGY    

Volume: 204    

Issue: 1    

Pages: 165-188 

Published: NOV 5 

1988 

France 

 

Mariani P, 
Luzzati V, 
Delacroix H. 
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