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Isolation of Antagonistic bacteria from fresh water fish, Cirrhinus Mrigala (Bloch, 1795) and 

tested against the selected fish bacterial Pathogens 
 

C.Chellaram1*, P. Raja2 and M. Antony jeniton2  
 

1Applied Biotechnology Department, Sur College of Applied Sciences, Sur, Sultanate of Oman. 
2Department of Zoology, St. Xavier’s College (Autonomous), Palayamkottai, Tamil Nadu. India. 

 

Abstract 

The gut associated bacteria were isolated from fresh water fish, Cirrhinus mrigala and the total bacterial 

load was noted, 135Χ104 CFU/gm. There are 10 different bacterial strains were chosen based on the colony 

morphology characteristics and tested their antagonistic activity against the four potent fish bacterial pathogens 

such as, Aeromonas hydrophila, Pseudomonas aeruginosa, Flavobacerium sp., and Vibrio sp. through 

antibacterial cross streaking method and disc diffusion assay. The strains CM2, CM5, CM6 and CM7 showed the 

antagonistic activity against the pathogenic bacteria and wide spectrum antibacterial activity was showed in strain, 

CM2 against all fish pathogens, the percentage of zone of inhibition varied between 60-80%. The maximum 77% 

was observed against Aeromonas hydrophila.  In supernatant screening also, the same level of antibiotic property 

was observed. The strain CM2 showed predominant activity which exhibited 6 and 7 mm zone of inhibition against 

Vibrio sp., followed by Pseudomonas aeruginosa. The inhibitory zone size varied between 4 to 7mm. The ethyl 

acetate extract of CM2 bacteria showed wide spectrum of prominent activity against Pseudomonas aeruginosa 

with the zone of inhibition is 9mm (100 µg/disc concentration) followed by Vibrio sp with 7 mm inhibition. This 

active bacterial strain was identified as Pseudomonas sp based on the morphological and biochemical characters. 

This investigation clearly shows that the fish gut can be used as a source of antibiotic bacteria. The antagonistic 

Pseudomonas sp isolated from fish gut possesses considerable antibacterial property. As bacterial metabolites 

extracted from Pseudomonas sp., showed promising antibiotic activity which may have a role in disease control 

strategies and improves the growth rate of host Channa striatus. These bacterial metabolites could also be 

considered as an alternative to harmful commercial antibiotics and also can be used as an effective Probiotics 
 

Keywords: Cirrhinus mrigala Gut microflora, Anti-microbial, Fish pathogens Probiotics 

 

Introduction 

The aquaculture, in the last years, contributed significantly to reduce the hunger and malnutrition 

worldwide, becoming an economically important industry (Allamesh et al., 2012).  FAO estimates to feed the 

world in 2050, food production must increase by over 60%. The production is maximized through intensification 

with addition of commercial diets, growth promoters, antibiotics, and several other additives; all these practices 

create stressful conditions that cause problem related to diseases and deterioration of environmental conditions 

often occur and result in serious economic losses (R. Fuller, 1989). Fish lives in aqueous environment, which itself 

is a source of microbial pathogens invading aquatic organisms. Even with a close contact with high concentrations 

of such pathogens, fish can still preserve a fit and vigorous system under normal condition. The fish produces 

mucus substances composing of biochemically diverse secretions from epidermal and epithelial cells which are 

key components of innate immunity. The Gastro intestinal microbiota in fish is varying based on: nutrition, 

intestinal microenvironment, age, geographical location, environmental factors, stress Verschuere, et al 2000 and 

Chellaram et al., 2011). The intestinal microbiota has important and specific metabolic, trophic, and protective 

functions (Gatesoupe. 2008 and Chellaram and Edward, 2009). The normal gut microbiota confers many benefits 

to the intestinal physiology of the host. Some of these benefits include the metabolism of nutrients, contribution 

of the colonization resistance, antagonistic activity against pathogens, immunomodulation and etc. (Dunne, et al., 

1999) 

       

The intestinal microbiota has a profound impact on the anatomical, physiological and immunological 

development of the host. Thus, establishing a healthy microbiota plays an important role in the generation of 

immuno-physiologic regulation by providing crucial signals for the development and maintenance of the immune 

system (Shakila, et al., 2006). Understanding how the fish immune system generally responds to gut microbiota 
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may be an important basis for targeting manipulation of the microbial composition. This might be of special 

interest to design adequate strategies for fish disease prevention and treatment.   The intestinal microbiota 

possesses antagonistic activity against many fish pathogens and participates in infection-protective reactions. The 

aim of this study was to find some probiotic candidates that have an antagonistic action against fish pathogens; an 

attempt for isolation and identification of the potential gut associated bacteria from freshwater fish, Cirrhinus 

mrigala. 

 

Materials and Methods 

Isolation of Fish Gut Microflora: Isolation and enumeration of bacteria was done according to Bergey’s Manual 

of determinative Bacteriology (Holt, 2000). The fresh live Cirrhinus mrigala, was collected from Vannarpettai 

area, Tirunelveli, Tamil Nadu India. The gut associated bacteria were isolated by pour plate method, the fish are 

dissected out to remove the digestive tracts in sterile condition. One gram of digestive tract was homogenized with 

sterile distilled water and centrifuged at 2000 rpm for 5minutes. After centrifugation the supernatant was serially 

diluted up to 1010 and plated on to Nutrient agar medium. Then the plates were incubated for 24 hrs at room 

temperature. After incubation, the colonies were counted and expressed as Colony Forming Units per gram. The 

isolation was carried out in triplicate and the average has been taken. The individual isolates were picked and 

transferred onto a new nutrient agar slats and pure cultures were stored at 4⁰ C until further study. The total number 

of colonies isolated from the fish gut was calculated using the following formula. 
 

 

Cross Streaking Method and Antibacterial Assay: The bacteria isolated from fish sample were screened against 

4 fish pathogenic bacteria Aeromonas hydrophila, Pseudomonas aeruginosa, Flavobacerium sp., and Vibrio sp. 

The bacterial strains were streaked as a single streak at the middle of the Nutrient agar plates. The plates were then 

incubated at room temperature for 24 hrs. The bacteria to be screened were inoculated in nutrient broth for 24 hrs, 

were then applied as a single streak in center of petri dish, it divides the plate into two equal halves and the fish 

pathogenic bacteria were streaked perpendicular to the bacterium to be screened, without touching it. The 

inhibition zones were noted and expressed as percentage of inhibition. The strains were given designated codes. 

To screen the production of bacterial metabolites by active bacteria, antibacterial assay was carried out against 

fish pathogens. The agar disc diffusion method was used to screen the antibacterial activity of supernatant of 4 

active strains which showed higher and promising activity in cross streaking method. All those strains were 

inoculated into 50 ml of Nutrient broth and incubated on a shaker at 120 rpm for 48 hrs. At the end of incubation 

period the broth was centrifuged at 5000rpm for 15 minutes to separate cell mass from supernatant. The 100 µl of 

the supernatant was loaded on to the respective 6 mm discs and after complete evaporation of supernatant. The 

dried disc was placed on the Nutrient Agar medium seeded with fish pathogens. The plates were incubated at room 

temperature for 24hrs, and then observed. The zone of inhibition was measured from the end of the disc to the 

edge of the clear zone in millimeter. Based on the activity in supernatant, two active strains were selected for 

extracting bacterial metabolites using ethyl acetate, chloroform and butanol and used for further antibacterial 

screening. 

 

Extraction of Bacterial Metabolites 

The extraction of bacterial metabolites was carried out following the method of Mearns-Spragg et al., (1997). The 

bacterial strains, which showed prominent antibacterial activity was inoculated into 100 ml of nutrient broth and 

incubated in a shaker at 120 rpm for 24-48 hours, then broth culture was centrifuged at 5000 rpm for 15 minutes. 

The supernatant was extracted twice with equal volume of ethyl acetate, chloroform and butanol separately. The 

solvent phases were then separated using a separating funnel and concentrated by evaporation. The concentration 

(crude extract) dissolved in 1ml of ethyl acetate was then impregnated on to sterile (Whatman no.1) 6 mm diameter 

disc with 100µg/disc concentration. The antibacterial activity was assessed following the disc diffusion assay. The 

solvent alone in the disc was used as a control. The inhibition zone was measured from the border of the disc to 

edge of the clear zone in mm.  The antibacterial assay was done in triplicate. 

Tot. no. of 

bacteria 

Total no. of colonies counted 

---------------------------------------------- 

Amount of sample X dilution factor of the sample 
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Identification of Active Bacterial Strain 

The most active bacterium was identified up to genus level based on the morphological and biochemical 

characteristics features. For morphological characteristics, performed two methods, Gram staining and Motility 

test. In biochemical characteristic tests, Indole production, Methyl red, Voges-proskauer, Citrate utilization, 

Oxidase (OIMVC), Urea and Carbohydrate fermentation tests were used.   

 

Results 

Bacterial Density 

The total bacterial density in the gut of Cirrhinus mrigala was enumerated and represented in table 1. The total 

bacterial density was found to be 135Χ104 CFU/gm. Only 10 bacterial strains were selected based on different 

morphology and screened for antibacterial screening against fish bacterial pathogens. All the selected bacterial 

strains were given designated codes. 

 

Antibacterial Assay in Cross streaking  

Antibacterial activity of gut bacteria from Cirrhinus mrigala is given in the table 1 and illustrated in Fig. 

1. Out of 10 gut bacterial strains screened, only four strains such as CM2, CM5, CM6 and CM7 showed low and 

medium level activity.  The bacterial strain CM2 showed wide spectrum of antibacterial activity against all strains, 

the percentage zone of inhibition varied between 60 to 80%. The maximum 77% was observed against Aeromonas. 

The next higher-level activity was exhibited by CM5 followed by CM7 and CM6. The cross-streaking method 

was used as a preliminary method to screen antibiotic property of bacterial strains. 

 

Antibacterial assay in Disc diffusion 

The strains which showed good activity in cross streaking method have been cultured in nutrient agar 

broth and supernatants collected and screened to check its efficiency in disc diffusion method against same fish 

pathogens. The results obtained is presented in Table 2 and Fig.2. Supernatant of all the isolated showed lower to 

moderate level of antibacterial activity. Among them CM2 showed highest activity followed by CM5, CM6 and 

CM7. The strain CM2 showed predominant activity which exhibited 6 and 7 mm zone of inhibition against Vibrio 

sp., followed by Pseudomonas aeruginosa. The inhibitory zone size varied between 4 to 7mm. The strain CM6 

and CM7 showed low level of activity against Vibrio sp and Pseudomonas aeruginosa. The strain which showed 

prominent activity has been extracted with ethylacetate, chloroform and butanol to obtain its bacterial metabolites 

and its activity was screened. The observed result is presented in table. 3. The strains with highest activity (CM2) 

showed antibacterial activity more or less in ethyl acetate, Chloroform, Butanol. However, ethyl acetate extract 

showed wide spectrum of prominent activity, the highest activity against Pseudomonas aeruginosa with the zone 

of inhibition is 9mm followed by Vibrio sp the zone of inhibition is 7mm. The moderate level of activity is seen 

in chloroform extract, the zone of inhibition ranges between 6and 8mm in Pseudomonas aeruginosa and 

Flavobacerium sp respectively, low level of activity of seen in butanol ranges from 1-3mm against all the 

pathogens. 

 

Identification of active bacterium (CM2) 

The active bacterial strain was identified up to genus level based on the morphological and biochemical 

characters (Table 4). The strain was identified Pseudomonas sp. As the strain of Pseudomonas sp. showed pink 

colour for gram staining, they were identified as gram-negative rod. The stains were motile. When carbohydrate 

fermentation test was performed, they did not ferment the glucose or produced gas and acid.  In oxidase test, the 

strain was positive as change of colour was observed. It showed negative result in indole, MR-VP and positive in 

citrate test by color change from green to Prussian blue. The stain was resistant to the penicillin antibiotic. But, 

they grew in cetrimide agar plate and produced blue green pigment. 

 

 

 

Discussion 
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Most number of fish pathogens has plasmid mediated resistance to antibiotics including bacteria such as 

Aeromonas hydrophilla, A. salmonicida, pseudomonas, and Vibrio spp. (Aoki , 1988).  Aeromonas hydrophila is 

one of the most widely spreading pathogen in fresh water fishes. This bacterial pathogen was reported to be 

associated with disease in carp, milk fish, cat fish, tilapia and produces stress related disease in salmonoids with 

the common symptoms of ulcerations, exophthalmia etc. (Miyazaki, 1982 and Amin et a., 1985). In the present 

investigation, the bacterial density in gut region of Cirrhinus mrigala was enumerated to be 135Χ104 CFU/gm. 

The observed result was found to be slightly higher to the observation of Butin et al., (2007), who have reported 

4Χ10⁴ to 5Χ10⁵CFU/g wet weights of GI tracts from fish samples. In a similar study done by Latha and 

Ramachandra Mohan (2013) revealed bacterial population of 32.2X 103 colonies/gm in the intestine of Labeo 

rohita which is considerably lower than this present study. This result indicated that the gut microflora may play 

an important role in the digestive process, growth and disease susceptibility of fish. The microbial flora density 

has also been varying with fish sp and affected by various factors. In the antibacterial screening 10 individual were 

studied by cross streaking method, strains were selected based on the colony morphology. Out of 10 strains, 

4strains showed considerable antibacterial activity. Even though no high level of activity was detected, four strains 

such as CM2, CM5, CM6 and CM7 showed low and medium level activity.  The bacterial strain CM2 showed 

wide spectrum of antibacterial activity against all fish pathogens, the percentage zone of inhibition varied between 

60 to 80%. The maximum 77% was observed against Aeromonas hydrophila. The present observation coincides 

with Prem Anand et al. (2011), who also reported similar antibacterial activity of gut associated bacteria against 

fish pathogens. This might to be due to fact that the gut associated bacterial has prominent role in immune system 

of host by the production of antibiotics, bacteriocin, lysosymes, protease, and alteration of pH values by the 

production of organic acids (Verschuere, et al, 2000). 

 

Conclusion 

 

The present study suggests that it is possible to use bacterial metabolites for the treatment and control of 

fish pathogens in aquaculture that can also be used as a probiotic. Subsequent characterization will provide purified 

antibacterial compounds which could also be used as an alternative to deadly antibiotics. 
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 (- no activity; 1-20% low; 21-80% moderate and 81-100% high activity) 

S. 

No 
Name of the test bacterial 

Gut bacterial strains from Cirrhinus mrigala 

Inhibition level (%) 

CM2 CM5 CM6 CM7 

1 Aeromonas hydrophila 71 42 25 35 

2 Pseudomonas aeruginosa 77 51 - - 

3 Flavobacerium sp 62 57 25 25 

4 Vibrio sp 68 31 - 35 

Tab.1: Anti-bacterial activity of gut bacteria in cross streaking method 
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S. 

No 
Name of the test bacterial 

Supernatant of active strain and  

Zone of Inhibition level (mm) at 100µl/disc 

CM2 CM5 CM6 CM7 

1 Aeromonas hydrophila 4 3 2 2 

2 Pseudomonas aeruginosa 6 5 1 - 

3 Flavobacerium sp 4 6 3 3 

4 Vibrio sp 7 2 2 1 

(- no activity; 1 mm-low; 2-5 mm - medium; above 5 mm zone of inhibition - higher activity)  

 

  

 
 

S. 

No 
Name of the test bacterial 

Zone of Inhibition level (mm) at 100µl/disc 

Ethyl 

acetate 
Chloroform Butanol 

1 Aeromonas hydrophila 4 3 2 

2 Pseudomonas aeruginosa 6 5 1 

3 Flavobacerium sp 4 6 3 

4 Vibrio sp 7 2 2 

 (- no activity; 1 mm-low; 2-5 mm - medium; above 5 mm zone of inhibition - higher activity)  
 

 

 
 

Morphological and biochemical characters Pseudomonas sp. (CM2) 

Gram staining Rod/negative 

Motility Motile 

Indole and methyl red and Voges proskaur - 

Citrate and Oxidase + 

Carbohydrate fermentation of glucose - 

Sensitivity to penicillin disc - 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Tab.3: Anti-bacterial activity of CM2 strain at different solvents 

 

Table 4: Morphological and biochemical characteristics of active strain 

 

Tab.2: Anti-bacterial activity of supernatant of active bacterial strain 
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Innovation and Creativity Strengthened through Academic Industry Council 

Collaborations (AICC); Solid Waste Management Sector 

Dr. (Mrs.) Ajantha Perera1; Manavi Perera2 

1University of Fiji, Fiji Islands 
2University of Essex, England 

 

Abstract  

 

Solid Waste Management is one area, which is explored extensively to find solutions to eradicate the 

mountains of garbage piling up in all countries of the world -Perera, A. 2014; Perera, A. and Mersky, R.L. 

2015; Perera, A. and Perera, M. 2017. Extensive studies have been done to minimize the amount of 

biodegradable waste reaching the landfill sites through bio gas production, commercial composting and 

converting waste to energy. The non-biodegradable waste is subjected to reuse, recycling and source 

reduction. With these mechanisms in place still land has to be made available for more landfill sites. 

Rehabilitation of the landfills for future use is a subject area of debate. Many argue that the reason for the 

non stoppable increase in garbage piles is due to the sophisticated packaging materials, while others insist 

on strengthening policies, laws, by laws and regulations on producer responsibility (Perera A. and Perera, 

M., 2016). 

This paper looks into the effectiveness and short comings of the Academic-Industry-Council 

Collaborations (AICC) in bringing about creative innovations and solutions for solid waste management. 

Using case studies from small island nations the author will put forward a framework for improving 

Academic Industry collaborations as an effective tool to popularize innovations and creativity towards 

waste minimization.  

 

Keywords: Solid Waste, Academic- Industry-Council Collaboration (AICC), Innovation, Creativity 

 

Introduction: 

Universities and other Higher Education Institutions are pools of knowledge, where as the Municipal 

Councils and Waste Management Authorities are mandated by law to remove, process and dispose of 

waste. The common expectation from any industry is the production of materials which contribute towards 

improving the economy of a nation. In the light of above, the purpose of the tripartite collaboration between 

the Academia-Industry and Council (AICC) with regard to solid waste management is firstly, to seek ways 

to minimize the waste in the form of solid from becoming a pollutant in the environment, secondly to 

consider them as a resource for the production of marketable or commercially viable items, and thirdly, to 

minimize the use of valuable land for disposal of solid waste. This paper will look into making an effective 

AICC through signing of a sustainable Memorandum of Understanding, sharing of knowledge, 

Information, and research findings, aimed at problem solving, determination of feasibility, evaluation of 

the end products and processes, ensuring financial support towards realization of the manufacturing 

processes or services, monitoring, and assurance of long term collaborations with one or several partners.  

Constraints identified within the Academic- Industry Collaborations from literature: 

First and foremost, we will consider as to what academic industry collaboration is and thus far identified 

constraints which lies within it.  

Pertuze J.A. et al (2010) and Ivascu, L. et al (2016) speaks on the most effective ways to ensure success in 

academic industry collaborations. According to Pertuze et al (2010) the most important in a collaboration 
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is not so much the research findings through the collaboration, rather the impact the new findings will 

make on the industry and its products, in other words whether the innovation of a new industrial process 

or effective new product or products are in the horizon. One of the key things that an industry looks forward 

to is the cost effectiveness of the new innovation. Until and unless the academia and the industry both 

speak the same language the academic industry collaborations cannot be successful. One of the key areas 

Pertuze et al (2010) looked into in their research is the identification of the right partnerships. According 

to them once the Memorandum of Understanding is signed it is too late for modifications, therefore it is of 

utmost importance to formulate the correct collaboration. According to Pertuze et al (2010) who after 

surveying 100 companies have admitted that out of 106 Academic- Industry collaborations established, 

only 20% produced resulted in an advantage to the industry. About 60 % did not make any impact on a 

process, or product or new innovation to the collaborated company or industry. 

Bearing this in mind now we will evaluate how if we are to make a substantial dent in solid waste 

management which steps must be followed as laid out in Pertuze et al (2010). According to Pertuze when 

preparing for a memorandum of understanding the following are the guiding principles which need to be 

followed. 

Practice 1: The collaboration must be in line with the industries research and development policy 

Practice 2: Use of Managers who are willing to go an extra mile for innovation and expansion. Such persons 

are called the boundary spanners and must be utilized in the collaboration 

Practice 3: A project manager must serve the purpose of a link between the company and the university 

but also the university and the other departments within the company, thereby the activities or changes 

proposed by the university are accepted and implemented by all departments through their consent and 

not compulsion. The said project manager must communicate all matters pertaining to the collaboration 

with all relevant persons of the company or industry. 

Practice 4: Guidance should be given to the university on what the company aims to gain through the 

collaboration- Clear outcomes and KPIs to be prepared prior to the collaboration 

Practice 5: Long term collaborations should be built in order to receive better more fruitful outcomes. 

Normally the academic collaboration span depends on the length of the study program, whereas the 

company’s interest lies with the production cycles and economic benefits. Hence long term collaborations 

enable the two parties to understand each other and develop a better working environment. 

Ivascu, L et al (2016) who also emphasize on the need for industry and university collaborations for 

innovations spells out key areas which need to be taken into consideration if university and industry 

collaborations are to succeed. They are as follows: 

1. For the universities to succeed they must have a well-established research policy, facilities and 

competent staff- it must be a research based university 

2. An effective implementation and monitoring mechanism needs to be in place within the academic 

institution- most academic institutions do not have a well established monitoring program for ensuring 

that the expected outcomes of collaboration are achieved. This can damage the trust in the collaboration 

and not promote further collaborations in the future with the existing institute or any other institute 
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3. The research institute must employ young researchers who will do a good analysis of the economic 

status of the country and identify the need base 

4. Based on the economic need base of the country new partnerships with industry must be developed with 

a view to succeeding 

5. A strategic plan propelling the organizational culture towards industry-university collaborations must 

be in place- A university with a well developed strategic plan will have the academic industry 

collaboration embedded within it and this will facilitate any industry who would like to develop a 

collaboration with the university or any higher education institute 

6. The knowledge and experience gained through collaborations must be shared at large for it to be 

effective in attracting new partnerships 

Solid waste Management needs of all nations: 

Solid waste comprises of all materials which are in a solid form, which are thrown away as waste. The 

solid waste originates from households, commercial sector, industry, agricultural sector, sludge from waste 

treatment plants. All types of solid waste including paper, plastic, tin, rubber, aluminum cans, polythene 

bags, triple laminates create a significant hazard if not managed properly (Perera, 2014). A substantial 

amount of literature exists on the consequences of haphazard disposal of solid waste and on the importance 

of recycling (Perera, 2014). Looking at the solid waste management policies of the developing and 

developed countries and the small island nations reveals a picture that unless the solid waste is converted 

into reusable profitable items their management would be extremely difficult (Perera, A and Perera, M. 

2016). One of the best ways to solve the solid waste problem is to consider reduce, reuse, recycle concept 

efficiently and effectively. 

The major financing organizations of the world pays less attention to the role of Academic Industry Council 

Collaborations in the area of solid waste management. According to the World Bank report on solid waste 

(2012) in the year 2012 the total amount of solid waste generated in the world amounted to 1.3 billion 

Tonnes and this figure was expected to rise to 2.2 billion Tonnes by the year 2015 (World Bank- solid 

waste brief of March 27, 2018). According to the report the expenditure on Solid waste at present borne 

by the Councils amounts to 20 to 50% of the income. According to the report the World Bank, it generally 

finances solid waste management projects in terms of infrastructure, legal structures and institutions, 

financial sustainability, citizen engagement, social inclusion, health and safety and knowledge creation. 

However most of these projects are linked to Governmental organizations or non-Governmental 

organizations, and only the awareness creation is at times linked to the academics depending on the 

availability of researchers in the field of solid waste management. Hence Academic – Industry-Council 

collaboration for solutions in the field of solid management are rarely funded by the World Bank. 

The World Bank estimates that by 2025 the amount of garbage collected per year will increase to 4.3 

billion with the urban residents generating approximately 1.42 kg/capita/day of municipal waste and per 

year this amounting to 2.2 billion tons per year. The situation will become worst as the land available for 

landfilling will decrease with time due to increase in population. 

According to the guidebook for policy makers and practitioners towards Sustainable Municipal Organic 

Waste Management published by the Asian Development Bank in 2011, 70% of the solid waste of the 
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South Asian countries consists of organic waste which can be converted to commercial compost, to 

anaerobic digestion or made into “Refuse Derived Fuels”. According to the report the 8 million tons of 

compost which can be produced from the biodegradable waste amounts to nearly 709 million Dollars or 

3,340 million kilowatt- hours per year of electricity with a market value of around 701 million Dollars a 

year. The above will most certainly save the land space which otherwise would have been used for disposal 

of waste. 

The report also blames poor segregation of waste, lack of investment on composting by the municipal 

councils, lack of community awareness hence lack of community participation in the segregation process, 

inadequate land space for composting and lack of skilled human resource for not reaching the feasible 

solutions through composting. 

Just as the World Bank report (2012) the Asian Development Bank report (2011) also pays very little 

attention to the Academic-Industry Council Collaboration in the waste management process. 

An example of an Academic Industry collaboration in solid waste management sector which brought 

positive results from 2015 to 2016 (Perera A., 2015) 

➢ Reduction in waste sent to the landfill by the Punjas Ltd. through reuse of waste (Perera, A. 2015). 

The year of study is 2015 to 2016. The tripartite collaboration: The Author- Solid Waste Management 

Specialist, Punjas Ltd, the industry and the Lautoka Municipal Council. Punjas is a group of companies 

diverse in productions, which has commenced in 1935 and employs nearly 800 persons. It is one of the 

largest group of companies of the South Pacific. The companies which constitute the group of companies 

include biscuits, tea, rice, spices, oil, soap, detergents, household commodities and packaging. The waste 

from the factories was immense, diverse and unless managed would be a hazard to the environment. The 

Punjas group of companies has given a lease to a private company to collect waste from their factories and 

transport them to the Lautoka landfill site at Vunato. Twice a week the waste is collected by the waste 

company and is disposed at the dump site. The solid waste from the factories was considered completely 

as garbage. 

Strategy utilized: All managers of the different companies such as flour, oil, tea, rice and spices were 

educated by the solid waste specialist, the Author on the importance of reuse, reduction and recycling of 

solid waste. Each Manager was given the opportunity to become a member of the Green Scouts Movement 

and was allowed to participate in programs such as beach cleaning and mangrove planting. Once the 

enthusiasm was created towards protection of the environment, each manager was given the mandate to 

form a team within his company to identify and quantify the waste generated. A timeline was prepared 

through their consent and the progress of the identified activities was monitored through senior 

management. A common target was given to all the companies to reach the status of eco friendliness. Each 

manager reduced the waste according to the waste generated, and their performances were monitored and 

evaluated weekly by the group manager. This was done for one year.  

The appropriate education was continuously provided and effective strategies were drawn by the solid 

waste expert, the Author. The Lautoka Municipal Council monitored the waste that was brought from the 

Punjas Ltd.to the landfill site. From the records of the waste data of the Lautoka City Council and the in 

house waste data of the companies it was observed that a visible deduction of waste sent to the Vunato 
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dump was observed from June, 2015 to March, 2016. The reduction in terms of payment to the private 

company for removal of waste reduced from FJD 2800 (Fijian Dollar Two thousand eight hundred) to FJD 

210 (Fijian Dollar Two hundred and ten) only. The Punjas Group of companies received the Green Scouts 

Award from the Ministry of Environment, Fiji on the 5th of June 2016. 

 

 

 

 

                                                     

 

  

 

The workers collecting and separating the waste, thereby reducing the amount of waste reaching the landfill 

site. The waste retained were used for packing materials and for recycling. Incentives were given to the 

staff of Punjas who were involved in the collaboration.  

Reawakening of Academic-Industry-Council Collaborations (AICC) for finding sustainable 

solutions in the area of solid waste management 

➢ Need of well-defined strategic Plans for research universities, with clear guidelines on Academic-

Industry-Council (Local Authorities responsible for waste management) Collaborations 

➢ Higher Education Institutes to recruit more academics specialized in the field of solid waste 

management 

➢ Regular need assessments in the field of solid waste management 

➢ Accredited programs on Solid Waste Management with long term student/research attachments at 

industries and waste management authorities 

➢ Identification of sustainable solutions which are important for the country 

➢ Regular dialogs between the higher education institutions and the Local Councils on the steps 

already taken 

➢ A proposed set of actions put forward by the academic experts through research as solutions for 

waste management. These will guide when deciding on collaborations 

➢ Tripartite discussions among the higher education institutes, the councils and industry aiming 

towards possible collaborations 

➢ Availability of adequate human resources, lab facilities within the academic institutions 

➢ Time Span of collaboration determined by the AICC (Academic-industry- Council) 

➢ A Memorandum of understanding developed for two years, with a view to extending upon 

acceptable results 

➢ Sustainable communication within the academic collaborations through a brief report after 3 

months, followed by regular submission of reports as determined by the parties to the MoU 
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Abstract 

Traditional Knowledge (TK) and Human Rights are almost all diverse areas of Law and evolved as 

two distinctive paths. With regard to Human Rights regime, Sri Lankan government has signed and 

ratified cardinal Human Rights treaties, moreover, as a domestic legislation, the Constitution of Sri 

Lanka is recognized and consolidated the Fundamental Rights of citizens of Sri Lanka. While 

considering on TK, the Intellectual Property Act acquiring a foremost position in the territorial legal 

system, besides, Sri Lanka being a member of World Trade Organization and signatory to Trade 

Related Intellectual Property Rights agreement. This research mainly focused on the contribution 

of International Human Rights treaties and domestic Human Rights mechanism to protect the TK 

in Sri Lankan legal regime. This work mainly discussed on International treaty bodies and national 

laws. Further, it emphasizes on present global developments on the protection of TK with regard to 

Human Rights. The purpose of this research analyzes the relationship between Human Rights and 

TK in legal aspect. This research identified that cardinal Human Rights treaties as well national 

human rights mechanism does not directly address the TK or to protect its application. Through 

this work, it suggests methods of development in Human Rights arena to protect the TK in Sri 

Lankan context. Recommendations will be made in this respect. 

 

Keywords-Traditional Knowledge, Human Rights, Constitution of Sri Lanka, Intellectual Property 

Rights  

 

Introduction 

Sri Lanka is enriched with Traditional Knowledge (TK). Like many other third world countries, Sri Lanka 

faces the struggle of protection of TK, that inheriting from ancient history. Sri Lanka has a breadth of 

cultural diversity, therefore, the TK scatters in a vast area such as medicine, agriculture, ritual, folklore 

and irrigation. TK is embedded with the indigenous community of the country and this knowledge is 

widely used by the traditional people for their day to day life. The Intellectual Property Act of Sri Lanka 

paves a path to protect the TK to a certain extent withal there is no International Treaty body to directly 

address the TK.  

At present, the concept of Human Rights acquires a foremost position in every jurisdiction whereas, 

developing territories such as India creates an extensive dialogue in the area of TK also. This article will 

analyze the correlation between the Human Rights and TK in the light of International and National treaty 

bodies. Moreover, this work seeks to answer what extent Human Right regime contributes to protect and 

develop the TK in Sri Lankan context. Further, this paper attempts to identify the patronization of cardinal 

International Human Rights treaties such as International Covenant on Civil and Political Rights (ICCPR) 

and International Covenant on Economic, Social and Cultural Rights (ICESCR) to the development of TK. 
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In other words, does the current Human Right regime provide sufficient room to preserve and protect the 

TK of the indigenous community?     

This research analyzes the possibilities of applying International treaty bodies whereas national legislation 

for the preservation and protection of TK in Sri Lanka for the present indigenous community and to the 

future generation also. 

Research Statement 

 Domestic legislation and International treaties procure sufficient room to evolve Human Rights and TK 

as two distinctive paths although both Domestic and International legal instruments do not directly address 

the TK in the light of Human Rights perspective 

Objectives of the research   

• To analyze the relationship between the notion of Human Right and TK 

• To analyze existing Human Right mechanism to protect TK in international and national level  

• To examine the global development of TK with regard to Human Right  

• To suggest possible recommendation to protect TK in Human Right perspective 

 

Methodology 

This research basically adopted the qualitative research method to complete the work by examining the 

national and international Human rights issues in relation to Traditional Knowledge. The data collection 

mainly based on internet and library researches. This research is a literary research and the international 

treaty bodies related to Human Rights will be reviewed. Further domestic legislation such as Constitution 

of Sri Lanka and Intellectual Property act will be examined.  Scholarly articles, newspaper articles and 

previous researches in relation to Human Rights and TK in Sri Lanka may be analyzed. 

Limitations 

This research based on the internet, therefore, direct interviews were not conducted due to practical 

difficulties. 

Discussion 

Traditional Knowledge (TK) 

There is no agreed definition for the term of “Traditional Knowledge". In some places, TK addresses as 

“community knowledge” or “indigenous knowledge” also. Generally, TK is embedded with the local and 

indigenous communities from the ancient times. The Organization of African Unity (OAU) defines TK as 

“accumulated knowledge that is vital for conservation and sustainable use of biological resources and/or 

which is of socio-economic value, and which has been developed over the years in indigenous/local 

communities”.1 Further OAU identifies TK as a right of local communities and it is defined as follows "the 

rights held by local communities over their biological resources or part of derivatives thereof, and over 

                                                           
1OAU MODEL LAW, ALGERIA, 2000 — Rights of Communities, Farmers, Breeders, and Access to Biological Resources, 

African Model Legislation for the Protection of the Rights of Local Communities, Farmers and Breeders, and for the Regulation 

of Access to Biological Resources,[pdf], http://www.wipo.int/edocs/lexdocs/laws/en/oau/oau001en.pdf [Access on 22nd May 

2018] 



 Papers of Third Asia-Pacific Conference on Multidisciplinary Research 2018 
 (ISBN978-1-988652-18-4) 

 

15 
 

their practices, innovation, knowledge and technologies”.2.According to the report of The International 

Council for Science and United Nations Educational Scientific and Cultural Organization “The TK is 

developed within certain cultural groups over a given period of time and within specific environmental 

and social settings.”3  

The relationship between TK and local or indigenous community cannot be detached and both TK and 

local communities clinging with each other. The indigenous community applies the TK for the 

advancement of their lifestyles.TK is developed and nourished by the local communities and it is travel 

generation to generation from ancient times.TK is not an extrinsic source and it could be easily identified 

as it is blended with the lifestyle of local communities. For e.g. Cascaded Tank Village system (Ellanga 

Gammana)4 in Palugaswewa area in Sri Lanka has recognized by the Food and Agriculture Organization 

of the United Nations as a Globally Important Agricultural Heritage System. TK of local communities in 

Sri Lanka can provide both environmental benefits and significant commercial application.5 Further TK 

also an important source of financial benefits, healing methods, food of majority population of developing 

countries.6    

   

Traditional Knowledge and Human Rights  

Both TK applications and Human Rights concepts are developing independently and diversely but none of 

them combines with each other in their evolvement path. Last few decades, the TK was a popular topic 

among environmentalists and civil organizations in developing countries. Further, the Human Rights arena 

also developing rapidly with new concepts and developments. However, in the recent past, the western 

society did not concern and identify any significant value of TK. But recently, western society pay their 

attention to TK as they found that the TK is an alternative path to solve the current problems such as 

medication for illnesses. At present protection of TK is another component of sustainable development 

concept.  

The Human Rights approach to TK should balance between the needs of local communities and the interest 

of the general public within the intellectual property paradigm. The cardinal source of TK is the indigenous 

and local communities. The TK is originated, developed and practiced by the local communities. 

Therefore, the TK could be identified as a heritage of indigenous people. Human Right conventions such 

as United Nations Declaration of Human Rights (UDHR), International Covenant on Civil and Political 

Rights (ICCPR) and International Covenant on Economic, Social and Cultural Rights (ICESCR). ICESCR 

is the major International Treaty instrument that addresses the TK of local communities and their rights.   

                                                           
2 ibid 

3 Series on Science for Sustainable Development No 4,2002, Science, Traditional Knowledge and Sustainable Development [pdf] 

http://unesdoc.unesco.org/images/0015/001505/150501eo.pdf.[Access on 22nd May 2018] 

4 This system provides water for irrigation in the dry zone and daily usage for both human and animals from the ancient times. 

This ancient agricultural irrigation system was built by ancient farms by their own experience and knowledge to manage the water 

supply throughout the year constantly for their crops.  

5 Kadiragaman, L., 2002, Interfaces between intellectual property, traditional knowledge, genetic resources and folklore, 

http://www.island.lk/2003/06/17/busine07.html [Accessed 24th May 2018] 

6 ibid 
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International treaty provisions relating to Human Rights in relation with TK 

United Nations Human Rights Declaration (UDHR), ICCPR and TK 

UDHR is one of the ancient documents relates to Human Rights and it is treated as one of the head most 

conventions passed by the United Nations (UN). UDHR is not a legally binding instrument even though it 

enriches the basic Human Rights principles those contemplated to cardinal Human Right treaties such as 

ICCPR and ICESCR. 

A number of articles of UDHR direct the path to protect and encourage the TK though it mainly discusses 

on basic rights of human beings. Article 22 and 27 (1) of the declaration identifies the social and cultural 

rights as rights of individuals.7 TK is a part of social and cultural elements of local communities. For 

example, exorcism ritual practices use to cure illnesses, wellbeing and charming purposes of the members 

of the local communities.8These types of practices are embedded in their lifestyle from the ancient history 

and these practices are becoming a part of their cultural life.9 According to the Article 22 of the declaration, 

these types of cultural ceremonies could be practiced among local communities in unencumber manner.  

ICCPR also offers a limited room to discuss the rights of local communities and their cultural activities. 

Article 18(1) states that “everyone has right to manifest his belief”10 . According to this article, every 

human being has a right to manifest and practice his belief. The TK is based on the beliefs of ancient 

ancestors and generation to generations it is travelled with new improvements. The traditional ritual 

practices are based on the belief of ancient local communities. Under article 18(1), the local communities 

are getting the chance to manifest and practice their beliefs without any obstacles and the covenant 

acknowledges the belief manifestation as a right of human beings. Article 2711 of the covenant addresses 

the TK of local communities and relationship between TK and Human Rights. Through this article, it is 

identified that enjoy and practice their own culture by local minorities as a right under Cultural rights of 

human beings.  

 International Covenant on Economic Social and Cultural Rights (ICESCR) and TK 

                                                           
7 Article 22 of UDHR- Everyone, as a member of society, has the right to social security and is entitled to realization, through 

national effort and international co-operation and in accordance with the organization and resources of each State, of the economic, 

social and cultural rights indispensable for his dignity and the free development of his personality.   

Article 27 (1) - Everyone has the right freely to participate in the cultural life of the community, to enjoy the arts and to share in 

scientific advancement and its benefits.   

8 https://ibreadingroomasianedition.files.wordpress.com/2013/09/the-yakun-natima-devil-dance-ritual-of-sri-lanka.pdf [Accessed 

on 29th May 2018] 

9 https://en.wikipedia.org/wiki/Demons_of_Sri_Lanka [Accessed on 29th May 2018 at 16.09] 

10 Article 18 (1)-Everyone shall have the right to freedom of thought, conscience and religion. This right shall include freedom to 

have or to adopt a religion or belief of his choice, and freedom, either individually or in community with others and in public or 

private, to manifest his religion or belief in worship, observance, practice and teaching. 

11 Article 27 -In those States in which ethnic, religious or linguistic minorities exist, persons belonging to such minorities shall 

not be denied the right, in community with the other members of their group, to enjoy their own culture, to profess and practice 

their own religion, or to use their own language. 
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ICESCR paves a clear path other than the ICCPR to develop and practice TK by local communities. A 

number of articles in ICESCR discuss TK in the light of human right texture. Through article 3 of the 

covenant, the state parties ensure the equal right of enjoyment of culture without any discrimination.12  The 

article 15 gives a sufficient room to discuss on TK in a human right dimension. Article 15 (1) (a)13,15 (1) 

(c)14,15(2)15,15(3)16 do not address the TK in a direct manner even though the contribution of Human rights 

in the field of TK is prominently illustrating by these articles. 

Domestic provisions relating to Human Rights those address the TK 

Constitution of Sri Lanka and TK 

The constitution of Sri Lanka has identified a set of Human Rights as basic rights of citizens of Sri Lanka 

these rights are called ‘‘Fundamental Rights”. Article 14 of the constitution identifies that the manifest of 

belief in practice17 , freedom to use own culture and use own language18 and freedom to engage in lawful 

occupation19 as fundamental rights of the citizen of Sri Lanka. The “Vaddahs" is one of the indigenous 

communities in the world who habitat in Sri Lanka with preserving their tradition from centuries without 

any considerable modification. They are using a specific language inheritable to them and still, they are 

survived by hunting, plucking fruits etc. Further, they are believing and worshipping devils and using 

traditional medicines and ritual practices as healing methods. Through the article 14 of the Constitution, 

their traditional lifestyle is safeguarded, and a specific protection is offered to their inherited tradition 

because of these practices are categorized under fundamental rights. 

Further article 27 of the constitution states about the directive principles of state policy. Through this 

section, the parliament, President and the cabinet are guided by these policies and appropriate institutions 

                                                           
12 Article 3-The States Parties to the present Covenant undertake to ensure the equal right of men and women to 

the enjoyment of all economic, social and cultural rights set forth in the present Covenant. 

 
13 Article 15 (1)  The States Parties to the present Covenant recognize the right of everyone:(a) To take part in cultural life 

 
14.15 (1) (c )- To benefit from the protection of the moral and material interests resulting from any scientific, 

literary or artistic production of which he is the author. 

 
15  15 (2)-The steps to be taken by the States Parties to the present Covenant to achieve the full realization of 

this right shall include those necessary for the conservation, the development and the diffusion of 

science and culture. 

 
16 15 (3)- The States Parties to the present Covenant undertake to respect the freedom indispensable for scientific research and 

creative activity. 

 
17 Article 14 (1) (e) –Every citizen is entitled to the freedom, either by himself or in association with others, and either in public 

or in private, to manifest his religion or belief in worship, observance, practice and teaching;  

 
18 14 (1) (f) the freedom by himself or in association with others to enjoy and promote his own culture and to use his own language; 

 
19  14 (1) (g) the freedom to engage by himself or in association with others in any lawful occupation, profession, trade, business 

or enterprise; 
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should enact laws to establish the just and free society.20 Article 27 (2) (c )21,27 (2) (g)22,27(5)23,(10)24 and 

(14)25 state the directive principles to develop the cultural and moral standards. Unfortunately, these 

principles cannot be enforceable by any court and tribunal and the government is not legally bound by 

these articles. Therefore, anyone cannot seek any legal remedy when these articles are breached by any 

governmental institution. 

Intellectual Property (IP) Act and TK 

IP act26 is the main legislation deals with the TK in Sri Lanka. As a developing country with an ancient 

history and a multi-cultural society, Sri Lanka is enriched with TK in various aspects. The IP act is 

identified only a limited area of TK and its protection is spread into a narrow area of TK in Sri Lankan 

context. Under copyright law, folklore such as folk poetry. folk stories, folk music, drawing, painting and 

ingenuous textiles are protected from copywriting.27Literary, artistic and scientific works are protected 

under the section 6 of IP act. Dramatic and musical work of indigenous communities could be protected 

through this provision. The folklore and other work of local communities could be protected from 

modification, translation and transformation through the section 7 of the act. Further section 24 gives 

appropriate legal protection to folklore from damaging, modification and transformation. But none of the 

section directly address the TK of local communities and their rights regarding folklore. 

Trade Related Intellectual Property Agreement (TRIPS) is discussed trade-related intellectual rights. 

Through this agreement, most of the countries are protect their natural resources from bio piracy and bio 

prospecting. Further Sri Lanka is a signatory to the (TRIPS) therefore Sri Lanka is binding from its 

provisions. Unfortunately, none of the provisions directly discuss the topic of TK and Human Right 

perspective of protection of TK. 

 

Findings 

From the above-revealed facts, it is clearly defined that the IP act is only legislation to protect TK in Sri 

Lankan perspective even though it also gives a limited scope of protection to TK. Further IP act does not 

identify as TK is a right of local communities. 

                                                           
20 Article 27 (1) of the Constitution of Sri Lanka  

 
21 Article 27 (2) (c )- the realization by all citizens of an adequate standard of living for themselves and their families, including 

adequate food, clothing and housing, the continuous improvement of living conditions and the full enjoyment of leisure and social 

and cultural opportunities ; 
22 Article 27 (2) (g )-raising the moral and cultural standards of the People and ensuring the full development of human personality; 

and 

 
23 Article 27 (5)- The State shall strengthen national unity by promoting co-operation and mutual confidence among all sections 

of the People of Sri Lanka, including the racial, religious, linguistic and other groups and shall take effective steps in the fields of 

teaching, education and information in order to eliminate discrimination and prejudice. 

 
24 Article 27 (10)- The State shall assist the development of the cultures and the languages of the People. 

 
25 Article 27 (14)-The State shall protect, preserve and improve the environment for the benefit of the community. 

 
26 Act No 36 of 2003 

 
27 Section 5 of IP act  
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Constitution of Sri Lanka is the foremost legislation which introduces fundamental rights of its citizen and 

offers sufficient legal protection to the citizen in a case of breach of fundamental rights. But none of the 

articles relates to fundamental rights talk about the TK as a right of local communities. 

Under state policy, the Constitution paves the path to cultural and moral development and empowers the 

responsibility to the government to introduce the appropriate legal provisions to strength these policies. 

But unfortunately, these policies cannot be enforceable by any court or tribunal and becoming a futile part 

of the constitution. 

Being a signatory to the TRIPS, Sri Lanka has an obligation to practice the sections of the agreement 

TRIPS gives more priority to protect the trade relates aspects and lack of recognition of TK and moral 

rights of local communities. 

UDHR and ICCPR pay indirect and limited attention to protect the rights of local communities and their 

TK yet ICESCR   contribution to protect TK and local communities are a long sight more that UDHR and 

ICCPR.  

 

Conclusion and Recommendation 

Sri Lanka does not have a proper mechanism to protect TK and none of the legal provisions identifies the 

TK is a right of local communities. When any infringement has occurred in TK the local communities 

cannot seek legal remedies to protect their rights. Therefore the government should adopt appropriate laws 

regarding rights of local communities. 

United Nations Declaration on Indigenous People is one of the foremost document that introduces a set of 

rights to local and indigenous communities. This article guides the globe to open the eye to protect the 

local communities from discrimination and maltreatment. The article 31 identifies the protection and 

development of TK is a right of local communities. Indigenous and Tribe Peoples Convention adopted by 

International Trade Organization also another important document which facilitates the local communities. 

Sri Lanka could adopt and implement these rights to national jurisdiction through local legislation even 

though these declarations do not have any binding capacity.   

The Constitution of Sri Lanka could be amended to safeguard the rights of local communities and TK 

could be introduced as a set of fundamental rights of local communities. To fulfil this purpose the article 

14 (1) could be amended as follows: “freedom to enjoy, safeguard and promote own culture and traditional 

knowledge by local communities”. Further, the active legal recognition could be offered to the directive 

principles and state policies to safeguard the traditional and moral rights of citizens of Sri Lanka.  

The IP act is acting the main role in Intellectual property rights arena. Through its provision, a considerable 

protection is granted to the folklore and artistic work. But it does not give appropriate protection to TK of 

local communities. Therefore new provisions should be introduced to protect the TK of local communities 

in a point-blank manner. Further sui genaris system should be introduced to protect plant varieties and TK 

of local communities. Ultimately these recommendations would have resulted in the protection of TK of 

local communities in a human right perspective while creating a safe and prestigious surrounding for 

indigenous people and their TK also. 
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Abstract 

The corporate governance is how companies are directed, controlled and administered. The corporate 

governance is important because as it protects interests of all stakeholders in the company and prevent 

fraudulent and corrupt practices involve at corporate level which enable for smooth functioning of financial 

and capital markets which lead to progress of the economy. The aim of this research was to ascertain the 

impact of corporate governance compliance on financial performance of public listed companies in Sri 

Lanka. In this regard a sample of 150 PLCs selected using stratified random sampling technique based on 

market capitalization to ascertain compliance level and its impact on financial performance. Two scientific 

corporate governance indices were developed maintaining credibility. The corporate governance index 1 

& II comprised with 70 and 25 corporate governance general and risk practices which applied respectively 

to 150 and 63 PLCs. The two accounting ratios ROA and ROE and two market ratios Tobin’s Q ratio and 

book to market ratio were used as dependent variables to ascertain relationship with compliance level. The 

results indicated that there is a higher compliance level of corporate governance practices for both general 

and risk practices and no relationship exist between corporate governance general practices and financial 

performance and also both corporate governance general and risk practices do not affect financial 

performance of accounting ratios as well as market ratios. 

Keywords: Corporate Governance Index, Financial Performance, General & Risk Practices, Market 

Capitalization,           

1.Introduction 

 

This study was conducted as a quantitative research to ascertain Impact of corporate governance 

compliance on financial performance of public listed companies in Sri Lanka. In Sri Lanka the public listed 

companies in Colombo Stock Exchange (CSE) are mandatory required by the  ‘Code of best practices for 

corporate governance Sri Lanka 2013’ to act in compliance in annual reports. ICASL (2013) states the 

corporate governance practices in the corporate governance code 2013 have to comply by the public listed 

companies. The private limited companies are not mandatory required to act in compliance of corporate 

governance practices in the corporate governance code 2013. The ‘Code of best practices for corporate 

governance Sri Lanka 2013’ was jointly formulated and issued by the Securities & Exchange Commission 

of Sri Lanka and Institute of Chartered Accountants (ICASL, 2013). 

     The purpose of this research is to ascertain whether the public listed companies operating in Sri Lanka 

are in compliance with corporate governance practices setout in the corporate governance code 2013. The 

annual reports of public listed companies would reveal the compliance level of corporate governance 

practices set out in the corporate governance code (SEC,2010). 

1.1 Problem Statement 

Under the mandatory compliance requirement with broad application of corporate governance practices 

for listed companies have limited the compliance requirement of CSE listing rules under its narrow 

application. According to CSE (2009) the corporate governance code in parallel to listing rules requires 

how companies have applied corporate governance principles in annual reports under given circumstances 

with sufficient public disclosure. Senaratne & Gunaratne (2008a) state in addition to the code and listing 

rules the public listed companies are required to act in compliance with the companies Act No. 07 of 2007 
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as appointment and removal of directors and auditors are governed by the provisions of this Act. The 

corporate governance mandatory practices are not used to comply by not all listed companies as a result 

of non-compliance in Sri Lanka has provided room for financial irregularities, corporate corruption, 

malpractices and scandals. This has resulted in corporate failures amongst public listed companies. 

Pramuka Bank, Vanik Incorporation, Ceylinco Group and CIFL can be identified as examples. 

 

2.Literature Review  

2.1 Importance of Corporate Governance  

At present, the compliance with the Code of Best Practices of Corporate Governance has become a 

mandatory requirement for all public listed companies. Senaratne & Gunaratne (2007) state the senior 

management has pledged their commitment towards adoption and implementation of transparent and 

effective corporate governance practices within the company to achieve corporate objectives such as 

corporate accountability, good governance, maintaining stakeholder trust and company reputation and also 

safeguarding the interests of all its stakeholders. 

 

     The corporate governance issues have attracted much research attention in emerging and transitional 

economies.  Claessens & Fan (2002) state a central theme of corporate governance research revolves 

around establishments of mechanisms aimed at attenuating the conflict of interest between managers and 

shareholders and between controlling major shareholders and minority shareholders there by mitigating 

agency cost. The idea of corporate governance has been articulated in various ways based on purposes and 

objectives. According to OECD (2000) the promotion of accountability, transparency and corporate 

fairness is the agenda of corporate governance. An effective diligent practice, strong structure and process 

of corporate governance is a mandatory requirement to inspire investor confidence, reduce opportunity for 

fraud, stimulate economic growth, expand the private sector thus creating a healthy and robust investment 

climate. 

     The existing corporate governance code had failures to address ongoing corporate failures that led to 

corporate downfalls, frauds, financial irregularities and other corporate scandals. The corporate 

governance codes throughout the world were not strong enough to curb corporate malpractices occurred 

between 2001 – 2003. Senaratne & Gunaratne (2008b) point out the need of a sophisticated and updated 

corporate governance code arose during that era in the aftermath of corporate downfalls such as Enron, 

Worldcom, and Tyco in the USA and Parmalat in Italy, HIH and One Tel in Australia. In 2007 with the 

subprime mortgage crisis number of corporate giants collapsed, non compliance of corporate governance 

was identified as the main root cause for corporate downfalls such as Lehman Brothers, AIG, Fannie Mae 

and Freddie Mac in the USA and Northern Rock in UK. The regulators of financial markets and capital 

markets identified reasons for corporate collapses and paid the prime concern to strengthen corporate 

governance systems by revising existing corporate governance codes with the idea to address loop holes 

in existing corporate governance practices. 

2.2 The Relationship between Corporate Governance Compliance and Financial Performance 

According to Kajola (2008) pertaining to relationship between corporate governance and financial 

performance had no relationship with ROA and ROE. Kajola (2008) states reasons behind there for being 

no relationship mainly caused by number of issues. Firstly, even though data were distributed normally the 

impact caused by outliers have been greater on outcomes. Secondly, it was evident when higher the number 

of corporate governance practices comprised in the index it has caused no relationship to exist with 

financial performance in terms of ROA and ROE. Finally, discrepancies in the index with different 

weighted practices and large number practices for getting similar compliance level caused a major impact 

on the outcome to ascertain no relationship between the variables. 

Rashid (2010) states To get no correlation or no relationship between corporate governance and Tobin’s 

Q and corporate governance and book to market ratios. Rashid (2010) as Tobin’s Q and book to market is 
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highly probable to obtain no relationship with corporate governance largely influenced by higher number 

of practices in the index. Rashid (2010) states it is always better to maintain and adopt an index comprised 

with lower number of corporate governance practices to ascertain better relationship with financial 

performance. The corporate governance researcher Kam in 2007 during the period between 2000 – 2002 

conducted the study taking into account 869 PLCs in Hong Kong. Kam (2007) emphasizes the outcome of 

the research was there was no relationship between corporate governance and firm financial performance, 

especially in relation to corporate governance practices of non executive directors and financial 

performance found out no significance in association. Kam (2007) expounds large number of corporate 

governance practices in the index made discrepancies in the compliance level and also extreme values or 

outliers in the data distribution caused the outcome to obtain no relationship between corporate governance 

practices and financial performance. 

3.Methodology 

In ascertaining compliance of corporate governance in annual reports in PLCs in Sri Lanka the compliance 

level of corporate governance practices was measured for practices in two indices which was developed 

for general practices using 70 practices for 150 PLCs in the sample in accordance with code of best 

practices for corporate governance 2013 and for risk practices using 25 practices for 63 PLCs taking entire 

population of PLCs in the finance sector which comprised with finance companies, banks and insurance 

companies which require mandatory compliance of risk practices with application corporate governance 

code for finance sector. The both indices of general and risk practices were developed as a scientific and 

credible indices under the expertise of corporate governance without deviating from principles of index 

development to build an own model for Sri Lanka in accordance with corporate governance practices in 

the code where discrepancies in weighted and value indices were minimized by developing one zero 

indices by maintaining integrity and credibility. 

3.1 Conceptual Framework5 – Conceal Framework II 
 

 

 

 

 

 

 

Fig. 1 conceptual framework 

3.2 Sampling Method 

A sample of 150 PLCs were selected out of the population of 295 PLCs using Stratified Random 

Sampling method based on market capitalization as shown below. 

 

Table 1 Categorization of PLCs based on Market Capitalization 

 

 

 

 

 

 

 

 

 

Independent Variable 

Compliance Level of Corporate 

Governance Practices 

 
Control Variables 

Firm Size by Revenue 

Market Capitalization 

Financial Leverage (debt to equity) 

 

Dependent Variables 

ROA 

ROE 

Tobin’sQ 

Book to Market 
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Strata on Market Capitalization 

Large-Cap Over Rs. 10 B  Mid-Cap 1B to 10B Small-Cap Below 1B Total 

52 PLCs 130 PLCs 106 PLCs 288 PLCs 

18% 45% 37% 100% 

27 PLCs 67 PLCs 56 PLCs 150 PLCs 

 

3.3 Data Analysis Method 

(1)ROA = β0 + β1CLCGP + β2FS + β3MC + β4FL + et 

(2)ROE = β0 + β1CLCGP + β2FS + β3MC + β4FL + et 

(3)Tobin’sQ= β0 + β1CLCGP + β2FS + β3MC + β4FL + et 

(4)BTM      =         β0        +     β1CLCGP      +   β2FS          +   β3MC             +     β4FL          +      et 

 

4.Data Analysis, Results and Discussion 

 

4.1 Data Analysis and Results 

The tests of reliability and validity were not required to be conducted as data were reliable as this research 

is based on secondary data from reliable sources. In testing normality skewness and kurtosis dividing by 

their standard error figures indicated less than 1 means good tendency towards normal distribution. As 

Kolmogorov-Smirnov Significance and Shapiro-Wilk significance were more than 0.05 indicated that 

there is a normal distribution. 
 

Table 2 Correlation Analysis 

 Total Compliance Level of General practices Total Compliance Level of Risk practices 

Dependent 

Variables 

Pearson 

Correlation 

Sig.  

(2-tailed) 

N Pearson 

Correlation 

Sig.  

(2-tailed) 

N 

ROA -.002 .983 150 -.216 .089 63 

ROE .010 .903 150 -.219 .085 63 

Tobin’s Q -.083 .310 150 .061 .634 63 

Book To Market -.130 .112 150 -.063 .621 63 

     The pearson correlation was close to zero and pertaining to the 2-tailed significance value the level of 

significance chosen was 0.05 where as the significance was greater than 0.05 as indicated by figures. 

Therefore there was enough evidence to suggest that there is no correlation between total compliance level 

of corporate governance general practices and finance / accounting performance indicators ROA and ROE 

and also market performance indicators Tobin’s Q and book to market ratios. 

     The pearson correlation was negative pertaining ROA and ROE which indicates there is a weak negative 

correlation between total compliance level of risk practices and finance / accounting performance where 

as no correlation with market performance. 

Table 3 Regression Analysis 

 Total Compliance Level of General practices Total Compliance Level of Risk practices 

Dependent 

Variables 

R R Square Adjusted R Square R R Square Adjusted R Square 

ROA .002 .010 .007 .216 .047 .031 

ROE .010 .000 .007 .219 .048 .032 

Tobin’s Q .083 .007 .000 .061 .004 -.013 

Book To Market .130 .017 .010 .063 .004 -.012 

As the value of regression take a value between 0 and 1 shows that regression is close to zero. R square 

and adjusted R square provide meaningful and systematic interpretation of data whereas per adjusted R 

square total variability of dependent variables as explained by independent variable is less than 1% for 
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general practices where as for risk practices it is less than 3%. Therefore, as there is no big difference in 

values of R square and adjusted R square which indicated the independent variable used is not redundant. 

 

4.2 Discussion 

                                                      Table 4 Descriptive Statistics 

Corporate Governance Practices Total Number 

of Practices 

Mean Compliance 

Level 

Percentage of Mean 

Compliance Level 

Total / Overall CG General Practices 69 54.84 79.47% 

Total / Overall CG Risk Practices 25 22.52 90.08% 

 

Manawaduge (2012) states as more than 66% of the corporate governance practices in the index have been 

complied by PLCs, it is identified as a higher compliance level where as below 66% as lower compliance 

level. Therefore as more than 66%  have been complied by PLCs in the sample which mean there is higher 

compliance level in PLCs in Sri Lanka. 

     As per results indicated by the research study compliance level of general and risk practices does not 

affect financial performance of PLCs in Sri Lanka in considering both accounting and market performance 

indicators. Ibrahim et. al (2010) and Van Hoorn & Van Hoorn (2010) state despite the conflicting outcome, 

these empirical results support the assertion that no relationship exist between compliance and performance 

of firms. Zeitun & Tian (2007) state due to neutral effect on ROE, Tobin’s Q and book to market 

compliance does not necessarily have any significant distinguishable performance implications for Sri 

Lankan companies. Zeitun & Tian (2007) state ROA and ROE are most important factors used by investors 

in addition to market measurements of performance where the level of compliance has a negligible effect. 

Manawaduge (2012) states regression and correlation significance has neutral relationship between 

compliance level and accounting performance ratios where the correlation value of 0.080 for ROA and 

0.151 for ROE indicated a poor relationship exist between elements with accounting ratios. 

     According to Ashbough-Skaife et. al (2006), Klock et. al (2005) and Lambert et. al (2007) risk 

governance requirements have no relationship to the performance of firms as reflected by financial 

statements and such practices involving risk has not contributed to companies. The results support findings 

as Aldamen (2010) states risk governance shows the relationship with no effect to be made no impact and 

significant at the (p >0.05) 5% level. The results also support findings as Fanchal et. al (2008), Abor (2007) 

and Byun (2007) the results testing hypotheses suggest the cost of implementing improved risk governance 

may bring little benefit, at least in terms of performance for few companies, hence majority listed as 

companies in stock exchanges have not benefited in terms of market performance with no effect on Tobin 

Q and book to market values through governance associated with risk elements. 

5. Conclusion  

    The relationship between compliance level of corporate governance practices and financial performance 

was ascertained using four dependent variables as performance indicators which included two accounting 

ratios return on assets (ROA) and return on equity (ROE) and two market ratios Tobin’s Q ratio and book 

to market ratio.  

     In the assessment of results obtained in the research were subject to detailed analysis under  correlation 

and regression. The results indicated that there is a higher compliance level of corporate governance 

practices for both general and risk practices. The results indicated that there is no relationship between 

corporate governance general practices and financial performance. The results also showed that both 

corporate governance general and risk practices do not affect financial performance of accounting or 

finance ratios as well as market ratios. 
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 “How does the Marketing Communication Affect to Develop the Popular Culture?” 

 Iddamalgoda Kumudinie Champa Liyasilinie  

 

Senior Lecturer - National Institute of Education – Sri Lanka 

Abstract 

Each Country owns a specific native culture that extended from primitive stage with their, ideas, 

folk law, rituals, norms, believes and customs that they skilled. These virtual cultures caused to change 

mainly due to the cultural diffusion that aroused by the advancement of transportation system and modern 

technology. Hence the people of non-developed, ancient cultures transformed to explore the world by 

imitating the popular cultural items that disseminated through the satellite technology in electronic media 

effortlessly and hypnotized the hearts of youth in worldwide. Mass is stimulated by the spectrum of life in 

the popular culture which included the western cultural attributes that dispersed through the media channels 

of their countries. “Pop” is the shorten form of “popular” was added to the music, songs and created mega 

productions. These mega productions such as mega teledramas, films, pop music concerts, and beauty 

pageants produced stars as social images to introduced innovative social lives to the younger generation. 

This western cultural imperialism formed an urbanized and commercialized global society that consumes 

enormously, dresses and behaves appropriately what they advertise. Accordingly, production companies 

and traders expand the mass market to earn lucrative income. 

 

Keywords: Western Cultural Imperialism, Commercialized Global Society 

 

    

2.      Introduction: 

 

 Marketing is a commercial function that deals with customers to achieve the target profitable 

income. On this purpose marketers apply innovative principles to reach new customers at the mass markets 

and achieve for retention of previous customers by satisfying them. Hence in marketing satisfying the 

customer is a principle requirement for its existence. This requirement encourages the manufacturer or 

trader to holds healthy relationship with the customer. It becomes quite broad and essential to follow a 

social and managerial process to realize the customers’ needs and wants. This explicates that the marketing 

is not only the selling. Currently manufacturing companies invest considerable amount for advertising to 

capture the mass market of the global village. When advertising and satisfying the customers 

manufacturing companies develop the customer loyalty and retain them. The long term of utilizing 

products create a brand name that displays the brand value. At the market place customers pay additional 

amount to purchase the branded product or service. Hence identifying the marketing principles are highly 

significant for scrutinizing the factors that affect for popular culture. 

 

Popular cultural improvement basically advanced with the involvement of various media channels. 

Especially via electronic communication television screen full of advertisements were dispersed by 

sponsoring for the programs that the spectators watch regularly. Across that people watch at least fifteen 

minutes advertisements of different products and services within a half an hour program. These 

advertisements and also programs exhibit how they should live by consuming appropriate meals, wearing 

latest fashionable dresses and the social lives that the people should maintain. In fact the relationship that 

has with the development of popular culture and marketing principles should be scrutinized is most 

important to clarifying the marketing communication. Electronic media and print media commercials 

introduce the enormous consumerism to capture the new market. The producers of mega television 

programs and organizers of amusement events and concerts by targeting receiving a good sponsor create 
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commercially acceptable programs by displaying across that the consuming products and services that the 

manufacturing companies plan to sell. Especially producers’ who create television commercials aim the 

stakeholders and build relationship in between the customer and manufacturers or sellers by introducing 

the popular social lives to the mass.   

 

Generally, consumers make lot of purchasing decisions every day to fulfill their day today 

requirements and ambitions. But understanding the consumer behavior is not simple. What they select, 

from where they buy how much price they are ready to pay, when they purchase goods or services and 

why they purchase are not visible. Because of that reason it is difficult to decide how they can be influenced 

for purchasing. On this process marketers must identify the customers’ environment such as economical 

back ground, technological aspirations, social and cultural back ground before offering products and 

services. Specifically, buyers purchasing skills are depending mainly on the buying attitudes and 

preferences they do. Hence to influence the customers’ marketers try to reflect customers’ characteristics 

of perceiving the commercial items they sell and then follow the customer decision making process. 

Human behavior commonly undergoes by a socialization process relevant to their cultural attributes 

rigorously from the birth. Accordingly, one’s achievements, success, personality, freedom, activity, 

involvement and comfort all will be influenced by their cultural attitudes and routine. Consequently, 

marketing process is affected by the cultural elements and sub cultural requirements of nationalities, 

religions, racial groups, and geographical reasons. Further customers’ social class whether they are in 

upper class, middle class, working class and lower class, or the representative elements of social class their 

income, education, wealth and other variables marketers should take into consideration to determine the 

focus group advertisements. The researches in the marketing field will reveal these elements and orient the 

advertisements to console the buyers’ desires to feel like the customer is the king. 

 

On the above purpose manufacturers, marketers and advertising companies invest vastly for 

advertisements and develop a new social life that orient on mass productions and enormous consumerism. 

As an examples “Melrose Place”, “Beverly Hills”, “Dynasty” television programs display a social life of 

youngsters, high class couples’ and widowed people’s and influence how do they behave, dress and where 

should they go for meals throughout the characters and advertisements. Those advertisements and 

television programs provide a clue to buy them. In view of that dress levy’s denims, polo T-shirts, wear 

Nike, Reebok shoes and T’ shirts, eat McDonald, KFC food and Pizza and drink coca – cola or sprite, if 

not participate mega shows and concerts general public is being influenced to grip these popular items is 

laid the foundation of growth of the popular culture. 

 

 

3.      Research Objectives: 

 

I.          To identify the way of advertisements or marketing communication affecting to change the 

cultural value of a country and leverage to develop popular culture. 

 

II.         Recognize the reasons for attracting for commercial advertisements and programs.  

 

III. Minimize the cultural deterioration by controlling the western cultural elements. 

 

  

4.      Research Question: 

 

        Why do people imitate commercial advertisements and embrace the popular cultural elements? 
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5.      Methodology: 

 

          Throughout this research will be studied the advantages of advertising and link between popular 

culture to decide the influential weight of popular culture and disadvantage of it to a nation.  Accordingly 

take time to observe the advertisements and television programs for a period of 6months and collect data 

by interviewing consumers randomly. Further search the theoretical back ground of advertising strategies    

that influence and introduce elements how severely affect for the culture and its nation. And finally search 

the factors that can regulate the marketing advertisements and social lives focus programs for the 

progression of one’s country and the way of achieving goals of the companies’ to receive targeted sales 

and income.  

 

 Respectively scrutinizes the attributes of the culture which has been transforming from the ancient 

period to the present popular culture for discovering the suitable solutions on cultural deterioration and for 

managing the marketing communication.  

 

 Here as independent variables manufacturing companies or marketers play considerable role to 

reach their appropriate goal. Hence the Marketing communication is a mediating variable and the capital 

investment of companies and modern technology or facilities moderate the marketing communication. 

Consumers of in the culture or society turn into dependent variables that depend on marketing 

communication. The massage that carries the marketing communication is influenced or mediating by the 

cultural attribute and subcultural elements of the society. These variables will be analyzed throughout this 

research. Accordingly observe and scrutinize the strength of the marketing communication that extended 

on the culture to develop the popular culture. It will elaborate how did the popular mass culture was 

affected by the marketing communication that absorbed the western cultural attributes to turn the society 

will be defined. Also pay concentration to specify mediating variables across this research. Please refer 

conceptual frame work below:   

 

 

Conceptual Framework: 

 

Independent Variables 

 

 

 

 

 

Manufacturing Company [H 1]  Dependent Variable [MED] Dependent Variable 

                                

 

Culture [H 2]  

        Capital Investment [MOD]                        

Subcultural elements [H 3]          

                                                                        

Technology / Facility [MOD] 

              

             

                      

 

 

 

Marketing 

Communication 

 

People in the 

Popular   Culture 

 

Manufacturing 

Company 
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4. Findings:  

 

Relevant to the finding advertising communication influence the customers to develop their 

awareness of the products and services that the manufacturing companies offer. The five senses of human 

interpret the information of sight, hearing, touch, taste and smell that they receive and improve the 

awareness. The people’s perceptibility is varied for the same stimulus and exhibit three perceptual 

processes as selective attention, selective distortion and selective retention. Generally customers expose to 

large number of advertising communication massages daily. It explicates they are unable to save in mind 

or pay attention to all the information they receive throughout the marketing communication. Each person 

faces them with a different mind – set. Because of that reason people don’t place all information in their 

mind and place only the content that they received support and believe appropriately to their attitudes 

elaborate the selective distortion. And selective retention describes that customers remember only the good 

points of the brand they favor and forget the good points of competing other brands.  

 

Due to above reasons most marketers’ worry about the ineffectiveness of marketing   

communication that they orient to the target group. And some customers showed anxiety of the marketing 

information that hurts them. Even customers have fear on subliminal marketing massages that can affect 

to them. Anyhow a strong internal stimulus if not a drive, cues; responses and reinforcement motivate the 

people for developing their buying behavior.  

        Finally, these findings will be analyzed to justify the strengths and weaknesses of marketing 

communication and to identify the impact on development of popular culture.   

 

5. Results and Conclusions:  

  

Finding elaborated the categories that affect for customer decision making of purchasing products 

and services. Hence customer awareness and preference of products are being depended on their beliefs 

and attitudes. Marketers convert these customer attitudes, beliefs and stimuli into many characters and 

social images of their marketing advertisements and programs that they telecast and familiarize them. 

When customer seeks information of a new product or service they get an idea from publicized or they 

exposed to or from the social life they experienced by consuming whether it’s satisfactory or 

dissatisfactory. This social life has been introduced by the marketers across their marketing 

communication. Marketers or Production companies advertise an innovative life style for people to sell 

their product and services. On this purpose they insert the western cultural elements to hang on their 

advertisements and allow circulate them for introducing those attributes. Advertising within a period of 

time boots their product into branded level by receiving the customer loyalty. Branded products and 

services also let the people to experience the quality of product or service by consuming or utilizing them. 

 

As a conclusion the advantages and disadvantages of marketing communication that the marketers 

receive throughout the marketing communication can be pointed out comparable to the idea of sustaining 

the culture by regulating the marketing communication. In order to fascinate the cultural diffusion that 

developed through the popular culture. And discuss the matters which can enhance the marketing 

communication while securing the specific attributes own native culture.      
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Abstract 

Although calcium chloride is hygroscopic in nature, the investigation of dehydration in view of structural 

rearrangement has not been received a substantial attention yet. The structural rearrangement of calcium 

chloride during dehydration was investigated by high-temperature X-ray powder diffraction technique. 

The X-ray diffractograms of calcium chloride were recorded at 25, 115, 150 and 200 °C. Results indicate 

that CaCl2·4H2O (82%) and CaCl2·2H2O (sinjarite, 18%) are the major hydrated forms available at 25 °C. 

The removal of crystalline water takes place in two consecutive endothermic steps as examined by 

Thermal Gravimetric Analysis (TGA/DTA) that coincides with the outcome of X-ray diffraction. The 

removal of crystalline water during the first step of dehydration (from 25 °C to 115 °C) is accounted for 

obtaining a mixture of monohydrate (CaCl2·H2O) and anhydrous (CaCl2) calcium chloride. The 

dehydration of monohydrate (second step) is completed at around 150 °C leaving two different phases of 

anhydrous calcium chloride with the respective unit cell volume of 168 Å3 (92%) and 324 Å3 (8%). It is 

also found that anhydrous calcium chloride with larger unit cell volume is less stable above the 

temperature of 150 °C that eventually converted to a more stable anhydrous form with smaller unit cell 

volume (168 Å3) at around 200 °C. The structural rearrangements are important to understanding 

dehydration mechanism that ultimately predicts thermal behavior of calcium chloride. 
 

1. Introduction 

Calcium chloride is a strong hygroscopic material that has been often used for various domestic and 

industrial applications. It is also considered an imperative material due to its potential as a thermal energy 

storage (van Essen et al., 2009, Rammelberg et al., 2012, Quinnell et al., 2011, Wei et al., 2014, Du et al., 

2017) and high-temperature molten salt electrolyte (Mohandas and Fray, 2004, Oosthuizen, 2011, 

Schwandt and Fray, 2005, Chen et al., 2000). Numerous investigations executed to understand the thermal 

behavior of calcium chloride, however, nor or little attention has been received for accurate determination 

of hydrated/anhydrous products of calcium chloride during complete dehydration. Despite the 

hydrated/anhydrous structures of solid calcium chloride upon dehydration, the X-ray scattering was 

previously employed in determining structures of  calcium chloride hydrate melts (in solution) 

(Yamaguchi et al., 1989). The potential of calcium chloride and its eutectics as a thermal energy storage 

material eventually accounted for number of investigations to predict the thermal behavior and stability 

of calcium chloride (van Essen et al., 2009, Rammelberg et al., 2012, Quinnell et al., 2011, Wei et al., 

2014, Du et al., 2017), however, the structures of hydrated/anhydrous products have not been greatly 

discussed. Several attempts were previously reported on structure determination of different 

hydrated/anhydrous products of calcium chloride by thermal gravimetric analysis/differential thermal 

analysis (TGA/DTA) and differential scanning calorimetry (DSC); however, the outcomes are less 

reliable due to limited or inadequate raw data available for accurate estimation of the composition (van 

Essen et al., 2009, Rammelberg et al., 2012). The main objective of the present investigation is, therefore, 

to determine the composition of hydrated/anhydrous products of calcium chloride and their relative 

stability at different temperatures during complete dehydration. Furthermore, the water absorption nature 
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and morphological changes accompanied by particle surface of calcium chloride during hydration are also 

examined. The high-temperature X-ray powder diffraction and TGA/DTA are employed simultaneously 

to determine the composition and the thermal behavior of calcium chloride during dehydration. 

Furthermore, the Fourier-transform infrared attenuated total reflection (FTIR-ATR) is carried out on 

heated calcium chloride samples to understand the dehydration process in terms of characteristic IR 

vibrations of water whereas the surface morphology of the material during hydration is also observed 

under scanning electron microscope. 

 

2. Methods and materials 

Calcium chloride (>99%) was obtained from Avonchem Limited, Oxon, United Kingdom. Rigaku Ultima 

IV X-ray powder diffractometer equipped with the High-Temperature Attachment (HTA) was employed 

to investigate the complete dehydration of calcium chloride. The Bruker TENSOR 27 Fourier-transform 

infrared attenuated total reflection (FTIR-ATR) spectrometer was employed in the qualitative 

determination of dehydration process. The surface morphology during the progressive hydration process 

of calcium chloride was observed by ZEISS EVO/LS15 scanning electron microscope.  

 

2.1. The composition of calcium chloride during dehydration as examined by high-temperature X-

ray diffraction 

 

The dehydration temperatures related to calcium chloride (during complete dehydration) was initially 

determined by SDT Q600 V20.9 Build 20 TGA/DTA analyzer. The X-ray diffractograms of calcium 

chloride during complete dehydration were recorded at around 25, 115, 150 and 200 °C using Rigaku 

Ultima IV X-ray powder diffractometer (equipped with high-temperature sample attachment) subsequent 

to ten minutes temperature stabilization period. A moisture free atmosphere inside the sample chamber 

was achieved by maintaining a vacuum condition throughout the entire period of analysis. The X-ray tube 

conditions were maintained at around 40 kV (tube voltage), 30 mA (tube current) and 1.2 kW (X-ray 

power), respectively. The divergence slit, scattering slit and receiving slit were maintained at around 2/3°, 

2/3° and 0.45 mm. Both scan rate and sampling width were maintained at around 10.0 degrees per minute 

(deg min-1) and 0.05 degrees, respectively. The composition of hydrated/anhydrous products of calcium 

chloride during complete dehydration (at 25, 115, 150 and 200 °C) were determined quantitatively using 

Relative Intensity Ratio (RIR) of each phase and data refinement was carried out by PDXL2 software 

coupled with ICDD (International Center for Diffraction Data) database. The unit cell volumes of relevant 

hydrated/anhydrous products of calcium chloride were also extracted by correctly assigned phases. 

 

2.2. Qualitative determination of dehydration by FTIR-ATR spectroscopy and hydration by SEM 

 

The dehydration process of calcium chloride was qualitatively determined by Fourier-transform infrared 

attenuated total reflection (FTIR-ATR) spectroscopy. An appropriate amount of calcium chloride was 

initially heated at around 100, 150 and 200 °C in a vacuum oven (Vacucell). Each heated sample was then 

carefully transferred by placing inside insulated desiccator (under moisture-free environment) to keep the 

temperature constant during the measurements. All spectra were collected using Bruker TENSOR 27 

Fourier-transform infrared spectrometer by placing a small amount of the heated sample inside the sample 

holder of attenuated total reflection (ATR) sampling attachment. The transmittance FTIR spectra of 

calcium chloride at each temperature (at 25, 100, 150 and 200 °C) were recorded between 600 cm-1 and 

4000 cm-1 (wavenumber) under the resolution of 4 cm-1 and scan speed of 16 scans. 



 Papers of Third Asia-Pacific Conference on Multidisciplinary Research 2018 
 (ISBN978-1-988652-18-4) 

 

35 
 

The morphology changes during the hydration of calcium chloride were observed using ZEISS 

EVO/LS15 scanning electron microscope. A small amount of calcium chloride initially heated above 125 

°C in a vacuum oven (Vacucell) for 1 h was mounted on double-sided carbon tape attached to the surface 

of SEM sample holder. Calcium chloride sample (gold sputtered) was then observed under different 

magnifications by maintaining the accelerating voltage at around 10 kV. The SEM micrographs were 

obtained relevant to the progressive hydration of calcium chloride with time. 

 

3. Results and discussion 

 

The X-ray diffractograms of calcium chloride obtained at specified temperatures (25, 115, 150 and 200 

°C) clearly exemplified the composition changes during dehydration. The hydration of calcium chloride 

readily takes place at room temperature due to hygroscopic nature of the material. The tetrahydrate 

(CaCl2·4H2O, unit cell volume: 328 Å3) and dihydrate (CaCl2·2H2O, unit cell volume: 530 Å3) are the 

major hydrated forms of calcium chloride available at around 25 °C (Fig. 1a). The majority of calcium 

chloride occupied as tetrahydrate rather than dihydrate (Table 1). The X-ray diffraction analysis further 

revealed that the crystal system of tetrahydrate is triclinic whereas orthorhombic in dihydrate. The 

progressive heating is accounted for a sequence of structural rearrangements depends on the amount of 

crystalline water available and alteration in lattice constants.  
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The monohydrate (CaCl2·H2O) is the dominant calcium chloride over anhydrous product (CaCl2, unit cell 

volume - 324 Å3) available at around 115 °C (Fig. 1b, Table 1). Two different anhydrous calcium chloride 

phases can clearly observe at 150 °C (Fig. 1c). The relative stability of anhydrous calcium chloride at 

elevated temperature depends on the magnitude of unit cell volume where the calcium chloride phase 

with smaller unit cell volume (168 Å3) is quite stable over the phase with larger unit cell volume (324 Å3) 

(Table 1). The complete conversion of less stable calcium chloride to a more stable form was eventually 

occurred between the temperatures of 150 °C and 200 °C where the anhydrous calcium chloride was 

further stabilized by minor rearrangement of the structure (Fig. 1d). It is also found that the crystal system 

of calcium chloride (including anhydrous and other hydrated forms) except tetrahydrate is orthorhombic. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The dehydration of calcium chloride as examined by FTIR-ATR (transmittance mode) analysis also 

coincides with the outcome of X-ray diffraction. The FTIR spectra obtained at around 25 °C, 100 °C, 150 

°C and 200 °C clearly exhibited the removal of crystalline water during complete dehydration of calcium 

chloride (Fig. 2). Typical IR-vibration bands of water can observe in relevant FTIR spectra of calcium 

chloride at 25 °C and 100 °C, however, the absence of characteristic IR pattern of water at around 150 °C 

and 200 °C ensured the complete removal of crystalline water during dehydration of calcium chloride. 

This is a good indication for the existence of hydrated calcium chloride at around 25 °C and 100 °C as 

previously observed by X-ray diffraction analysis.  The magnitude of vibration frequencies with respect 

to certain vibration modes of water at around 25 °C (see table 2 for typical IR vibrations of water), 

however, indicated that the crystalline water present in both tetrahydrate and dihydrate experienced 

different hydrogen bonding (H-bonding) atmosphere. Although the typical IR vibration frequencies of H-

bonded O-H groups appeared between 3200 and 3600 cm-1 (Lappi et al., 2004), three distinct IR vibrations 

related to O-H stretching of crystalline water can be observed within this range at around 25 °C (Fig. 2). 

Unlikely broad O-H asymmetric stretching of water (single band), two asymmetric O-H stretching bands 

(vibration frequencies) can eventually observe at around 3447 cm-1 and 3489 cm-1 for crystalline water in 

all the hydrated forms of calcium chloride. This may be due to O-H stretching under the influence of H-

bonding of water molecules as well as chloride ions occupied in the crystal lattice. As a result, two 

different O-H stretching can take place through O-H···O and O-H···Cl, H-bonding systems that 

ultimately results in closely separated O-H vibration bands (asymmetric O-H stretch) (Fig. 2). The similar 

variation can observe for H-O-H bending vibration frequency of crystalline water as well (Fig. 2). The 

appearance of two distinct bands (1613 cm-1 and 1628 cm-1) instead of a typical single band for H-O-H 

bending ensured the influence of similar H-bonding environment as previously explained (O-H···O and 

T (°C) A/H phase Relative amount (%)

25 CaCl2•4H2O 82

CaCl2•2H2O 18

115 CaCl2•H2O 87

CaCl2 (324 Å3) 13

150 CaCl2 (168 Å
3
) 92

CaCl2 (324 Å
3
) 8

200 CaCl2 (168 Å
3
) 100

T – Temperature; A – Anhydrous; H – Hydrated 

unit cell volume of each anhydrous phase is given in the parenthesis 

 

Table 1 Composition of calcium chloride during complete dehydration 
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O-H···Cl). The similar band separation was hardly noticeable for symmetric O-H stretching vibration, a 

combined band (2164 cm-1) and libration band (656 cm-1), respectively. However, the magnitudes of 

vibration frequencies are smaller than the typical values of water (experimental vibration frequencies, see 

Table 2). This may also due to the H-bonded nature of crystalline water that eventually responsible for 

shifting of the vibration frequency towards the direction of low energy (wavenumber decreases), hence, 

account for relatively low vibration frequency bands with respect to typical vibrations of water.  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The scanning electron micrographs revealed the surface morphology changes during hydration of calcium 

chloride (Fig. 3). 

Normal mode Assignment Wavenumber (cm
-1

)

ν2 H-O-H bending 1639

ν2 + R Combination 2134

ν1

Symmetric 

stretching
3261

ν3

Asymmetric 

stretching
3351

 

Table 2. Typical IR vibration frequencies for principal experimental bands 

(wavenumbers) of liquid water (H2
16O) (Lappi et al., 2004) 
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The anhydrous calcium chloride rather consists of cubic shape particles as observed under SEM (Fig. 3a). 

The hydration is accounted for the swelling of the material upon moisture absorption (Fig. 3b). The 

progressive absorption of water further ensured a significant disappearance of particle boundaries and 

amalgamation is more pronounced (Fig. 3c).  

 

4. Conclusions 

 

The dehydration of calcium chloride as examined by high-temperature X-ray diffraction revealed the 

different hydrated/anhydrous products available at respective temperatures of 25 °C, 115 °C, 150 °C and 

200 °C. Both monohydrate and dihydrate are readily available at around 25 °C due to the hygroscopic 

character of the material. The progressive heating of the material ensured significant water loss via two 

distinct endothermic dehydration steps that were further accounted for emerging anhydrous calcium 

chloride beyond the temperature of 100 °C. The relative stability of anhydrous calcium chloride at 

elevated temperatures mainly depends on the magnitude of unit cell volume. Relatively smaller unit cell 

volume accounted for more stable anhydrous phase than the phase with larger unit cell volume. It is also 

evident that at around the temperature of 200 °C anhydrous calcium chloride is stabilized with smaller 

unit cell volume upon minor rearrangement of the crystal structure. The crystalline water present in 

hydrated forms of calcium chloride experienced distinct hydrogen bonding environment under the 

influence of chloride ions (O-H···Cl) and typical hydrogen bonding by water molecules itself (O-H···O). 

The major constraint associated with present work is the persisting removal of water at around 115 °C 

even the X-ray measurements were being progressed. The application of higher scan rates reduced this 

time frame thus account for reasonable X-ray diffraction outcome on phase identification at a specified 

temperature. It is believed that the microstructure changes (lattice strain and crystallite size) during 

dehydration of calcium chloride would provide a better understanding on the relative stability of 

   Fig. 3. SEM micrographs of calcium chloride during dehydration; (a). Anhydrous CaCl2 containing cubic 

shape particles; (b). swelling of the material upon moisture absorption; (c). disappearance of the 

particle boundaries and amalgamation 
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hydrated/anhydrous products. Therefore, the similar technique (high-temperature X-ray diffraction) can 

be employed for such estimation and is currently being investigated as an extension to the present work. 

Furthermore, it is hoped that the thermal behavior of calcium chloride eutectic with other salts can 

effectively investigate using high-temperature X-ray diffraction. The findings of the present work will 

positively effect on further advancements in the field wherever the applications involved heating of 

calcium chloride such as thermal energy storage material and high-temperature molten salt electrolysis.  

 

5. Acknowledgement 

Financial support of this work by Industrial Technology Institute (Treasury Grant No.TG 16/127) is 

gratefully acknowledged. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 Papers of Third Asia-Pacific Conference on Multidisciplinary Research 2018 
 (ISBN978-1-988652-18-4) 

 

40 
 

 

 

6. References 

 

Chen, George., Fray, Derek. & Farthing, Tom. 2000. Direct electrochemical reduction of titanium dioxide 

to titanium in molten calcium chloride. Nature, 407, 361-364. 

 

Du, L., Tian, H., Wang, W., Ding, J., Wei, X. & Song, M. 2017. Thermal Stability of the Eutectic 

Composition in NaCl-CaCl 2 -MgCl 2 Ternary System Used for Thermal Energy Storage 

Applications. 

 

Lappi, S., Smith, B. & Franzen, Stefan. 2004. Infrared Spectra of H216O, H218O and D2O in the Liquid 

Phase by Single-Pass Attenuated Total Internal Reflection Spectroscopy. 

 

Mohandas, K. & Fray, Derek. 2004. FFC Cambridge process and removal of oxygen from metal-oxygen 

systems by molten salt electrolysis: an overview. Trans. Indian Inst. Met, 57, 579-592. 

 

Oosthuizen, S. 2011. In search of low cost titanium: the Fray Farthing Chen (FFC) Cambridge process. 

Journal of the Southern African Institute of Mining and Metallurgy, 111, 199-202. 

 

Quinnell, J. A., Davidson, J. H. & Burch, J. 2011. Liquid Calcium Chloride Solar Storage: Concept and 

Analysis. Journal of Solar Energy Engineering, 133, 011010-011010-8. 

 

Rammelberg, H. U., Schmidt, T. & Ruck, W. 2012. Hydration and dehydration of salt hydrates and 

hydroxides for thermal energy storage - kinetics and energy release. Energy Procedia, 30, 362-

369. 

 

Schwandt, C. & Fray, Derek. 2005. Determination of the kinetic pathway in the electrochemical reduction 

of titanium dioxide in molten calcium chloride. Electrochimica Acta, 51, 66-76. 

 

Van Essen, V. M., Cot, Gores., BleijendaaL, L. P. J., Zondag, H. A., Schuitema, R., Bakker, M. & Van 

helden, W. G. J. 2009. Characterization of Salt Hydrates for Compact Seasonal Thermochemical 

Storage. 825-830. 

 

Wei, X., Song, M., Peng, Q., Ding, J. & Yang, J. 2014. A New Ternary Chloride Eutectic Mixture and its 

Thermo-physical Properties for Solar Thermal Energy Storage. Energy Procedia, 61, 1314-1317. 

 

Yamaguchi, T., Hayashi, S. & Ohtaki, H. 1989. X-ray diffraction study of calcium(II) chloride hydrate 

melts: CaCl2.cntdot.RH2O (R = 4.0, 5.6, 6.0, and 8.6). Inorganic Chemistry, 28, 2434-2439. 

 

 

 

 

 


